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563. Steroids of Unnatural Configuration. Part III Dihydro- 
and Tetrahydro-derivatives of Lumisterol. 


By J. CastEtts, G. A. FLETCHER, E. R. H. Jones, 
G. D. MEAKINS, and R. SWINDELLs. 


The structures of three partial reduction products of lumisterol have been 
elucidated. Lumistenol, formed (as acetate) in hydrogenation of lumisteryl 
acetate (I; R = Ac), is the cis-a/B-A’-tetrahydro-compound (IX; R = H). 
Reduction of lumisterol with sodium or lithium and ethanol in liquid ammonia 
affords 5,6-dihydrolumisterol (II; R = H), which on acetylation and partial 
hydrogenation is converted into the acetate of tetrahydrolumisterol, the 
tvans-A/B-tetrahydro-compound (V; R = H). 

The corresponding 3a-alcohols (XI, IV, and VII; R = H) were prepared 
in order to examine the conformations of this group of compounds. 


DuRING investigations into the stereochemistry of the hexahydro-derivatives of lumisterol 4 
three partially reduced compounds were encountered. Of these, two were previously 
known [dihydrolumisterol ? was prepared by reduction of lumisterol with sodium-—alcohol, 
and lumisteno! 3 (as acetate) by catalytic hydrogenation of lumisteryl acetate], but neither 
of them had been examined in detail. The main results of the present study of these 
compounds are summarised in the accompanying chart, which shows the trivial names 
used, the structures established for the partial reduction products, and their relations to 
the hexahydro-derivatives. 

Catalytic hydrogenation of lumisteryl acetate (I; R = Ac) under a variety of conditions 
gave a mixture of 58-lumistan-36-yl (VIII; R = Ac) and lumistenyl acetate (IX; R = Ac) 
which was extremely difficult to resolve. Lumistenyl acetate was best obtained by 
partially reducing lumisteryl acetate as a saturated solution in acetic acid, the lumistenyl 
acetate formed being precipitated from solution (53% yield). Further hydrogenation of 
lumistenyl acetate afforded 5«,88-lumistan-38-yl acetate (XII; R = Ac) together with 
some 5a,148-lumistan-36-yl acetate (XIII; R = Ac). 

Preparation of dihydrolumisterol (II; R = H) by reduction of lumisterol (I; R = H) 
with sodium and alcohol was unsatisfactory, more than five applications of the reducing 
agent being required to afford a product containing less than 10% of starting material. 
In liquid ammonia solution reduction was much quicker and the product consisted of 
dihydrolumisterol (II; R = H) anda small amount (~10%) of the 3a-epimer (IV; R = H). 
Partial hydrogenation of dihydrolumisteryl acetate (II; R = Ac) in ethyl acetate afforded 
a new compound, tetrahydrolumisterol [as acetate (V; R = Ac)]: complete hydrogenation 
of dihydrolumisterol and tetrahydrolumisteryl acetate gave 58,88-lumistan-38-ol (VIII; 
R = H) and its acetate respectively. 

Structures (II), (V), and (IX) for the partial reduction products were established as 
follows. In dihydrolumisterol and tetrahydrolumisterol the degree of unsaturation was 
shown by their positions in the sequence between lumisterol and 58-lumistan-38-ol: the 
presence of only one double bond in lumistenol was confirmed by titration of the benzyl 
ether (IX; R = CH,Ph) with perbenzoic acid. The infrared spectra of dihydrolumisterol 
and its derivatives [(II) and (IV), R = H and Ac; and (III)] closely resembled those of 
the tetrahydrolumisterol compounds [(V) and (VII), R =H and Ac; and (VI)] except 
that each compound of the first group showed a strong absorption near 970 cm.* (1,2-di- 
substituted trans-olefinic bond) which was absent in the spectra of the corresponding 
tetrahydro-compounds. Thus conversion of dihydro- into tetrahydro-lumisterol involves 
saturation of the 22,23-bond. All these compounds and those derived from lumistenol 

1 Part II, Castells, Fletcher, Jones, Meakins, and Swindells, J., 1960, 2627. 

2 Windaus, Dithmar, and Fernholz, Annalen, 1932, 493, 259; Ahrens, Fernholz, and Stoll, ibid., 
1933, 500, 109. 

® —" Moffet, and Spring, J., 1937, 411. 

x 
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[([X) and (XI), R = H and Ac; and (X)] had bands near 820 cm.~ indicative of a tri- 
substituted olefinic grouping. (The presence of such a grouping in lumistenol and tetra- 
hydrolumisterol was confirmed by applying the osmium tetroxide—lead tetra-acetate 
sequence.*) This unsaturation was shown to be at the 7,8- rather than the 5,6-position 
by the properties of the derived 3-oxo-compounds [(III), (VI), and (X)] which neither 
exhibited the light absorption characteristic of conjugated ketones nor isomerised on 
treatment with alkali. (Recently it has been found possible to distinguish between 
A®- and A’-steroids by their ultraviolet absorption between 1900 and 2300 A: tetrahydro- 
lumisterol shows the exceptionally broad band characteristic of A?-steroids.5) 


CoHi7 










(III) R’= C,H, (IV) R’= CyHy7 


| 
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se (VI) R=CoHyy => (VII) R= CoHis 
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(XII) (XIII) (XIV) (XV) 
(I; R = H) Lumisterol. (II; R = H) Dihydrolumisterol (58-lumista-7,22- 
(V; R = H) Tetrahydrolumisterol (58-lumist-7-en-3B-ol). dien-3B-ol). 
(IX; R = H) Lumistenol (5a-lumist-7-en-3B-ol). (VIII; R = H) 58-Lumistan-3f-ol. 
(XII; R = H) Lumistan-3-ol. (XIII; R = H) 5a,148-Lumistan-3B-ol. 


Reagents: |, Naor Li-NH,-EtOH. 2, CrO, in COMeg. 3, LiIAIHg. 4,Na-PriOH. 5, Hg-Ptin EtOAc. 6, H,-Pt 
in EtOAc + little HClO. 7, Hy-Pt in ACOH. 8, H,-Pt in AcOH + little HCIOy. 9, COMe,-Al(O*CMes,)s. 
10, Pr'OH-Al(O*CHMe,)3. 11, Toluene-p-sulphonate + KOH-AI,O,. 


The remaining features, the 58-configuration in dihydro- and tetra-hydrolumisterol 
and the 5a-configuration in lumistenol, follow from the further reduction of these com- 
pounds to lumistanols of established stereochemistry. Consideration of molecular- 
rotation values leads to the same conclusions, comparison between the partial reduction 
products being based on Mills’s generalisation ® that, in cyclohexenes with asymmetry at 
the 8-position, compounds of type (A) (cf. Table 1) have more positive rotations than their 
enantiomers (B). The validity of this relation with A’-steroids is demonstrated by the 
data for the three pairs of 108-methyl-steroids of established constitution shown in the 
upper part of Table 1. With these compounds and with the six pairs of lumisterol 
derivatives shown in the lower part of the Table the AM,, (58 — 5a) values are positive 


* Castells and Meakins, Chem. and Ind., 1956, 248. 
5 Ellington and Meakins, /J., 1960, 697. 
® Mills, J., 1952, 4976. 
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and of the order of 200 units, thus confirming the nature of the orientations at position 5. 

Conformational analysis revealed an interesting difference between the two types 
of reduction product. In compounds with the ¢rans-a/B-ring fusion (i.e., dihydro- and 
tetra-hydrolumisterol and their derivatives) only one all-chair form is possible (see diagram 
in Table 2). In this relatively rigid form 38- and 3a-substituents are respectively axial 
and equatorial in conformation. However, more flexible cis-A/B-fused compounds 
(lumistenol and its derivatives) can adopt two all-chair arrangements, forms (x) and (y) 
in the diagram, which are interconvertible by rotational movements in rings A and B. 
[The presence of a 7,8-double bond removes the constraint on flexibility which normally 
occurs when the cis-fused system is incorporated into a steroid nucleus.” cis-a/B-A’- 
Steroids are thus comparable with cis-decalin (two all-chair forms) rather than with a 
saturated steroid such as coprostanone (one all-chair form).] A 38-substituent is 


TABLE 1. Molecular rotations of 58- and 5a-A’-steroids. 


Type (A) Type (B) 
J J 
H R 
58-Compounds 5a-Compounds 
108-Methyl steroids AMp 
M)p [Mip (58 — 5a) 
5B-Ergosta-7,22-dien-3a-ol *............... +171°  Ergosta-7,22-dien-3a-ol® ......... —18° +189° 
38-Hydroxypregn-7-en-20-one° ......... +366 3f- oe 7-en-20- 
I a scriecincecoststanteuniescssionss +128 +238 
22a-Spirost-7-en-3B-Ol° — ...........eeeeeee —112 22a-Allospirost- -7-en-3B-ol* ...... —313 +201 
10a-Methyl steroids 
5f8-Lumist-7-en-3B-ol (V; R = H)...... +198 5a- ~ pig 4 7-en-3f-ol (IX; 
TD | <ncahamepimiiaveenniabes —24 +4222 
3B- P= sgmmlbeedh lumist-7-ene (V; R = 3p- -Acetony- -5a-lumist-7-ene (IX; 
BEE. Gc uccuasrctmiphmestargnch cvasctineesieenie +128 Be et FF ockncsaassqncesespscsencens —141 +269 
5f8-Lumist-7-en-38-yl 3,5-dinitro- 5a-Lumist-7-en-38-yl 3,5-dinitro- 

SO ee ERE ee eee +15 DION Sc cindacesiecinctitnndessocas — 220 +235 
5B-Lumist-7-en-3-one (VI) ............06. +147 5a-Lumist-7-en-3-one (X) ......... —20 +167 
58-Lumist-7-en-3a-ol (VII; R = H) ... +250 5a-Lumist-7-en-3a-ol (XI; 

ey ee Seer —58 +308 
3a-Acetoxy-5f-lumist-7-ene (VII; R = bar peer -5a-lumist-7-ene (XI; 
PENS icubstistnnddetsgeninamaantinnctebhetnns +239 Pe ME TODD eviciscsntencquccenecssecns —53 +292 


* Barton and Miller, J., 1952, 4967. %® Windaus, Dithmar, Murke, and Suckfiill, Annalen, 1931, 
488,91. ° Deduced from 3a2-OH-compound (Velasco, Rivera, Rosenkranz, Sondheimer, and Djerassi, 
J. Org. Chem., 1953, 18, 92) by applying the standard correction (Barton and Klyne, Chem. and Ind., 
1948, 755). ¢ Djerassi, Romo, and Rosenkranz, J. Org. Chem., 1951, 16, 754. * Rosenkranz, Romo, 
Batres, and Djerassi, ibid., 1951, 16, 298. 


equatorial in form (x) but axial in form (y): a3a-substituent occupies the converse positions. 

To investigate this difference more fully it was necessary to prepare the 3-alcohols in 
the two series. The 3a-hydroxy-58-compounds [(I[V) and (VII); R= H)] were easily 
obtained via the 3-oxo-derivatives [(III) and (VI)] which were reduced with sodium- 
propan-2-ol, all stages giving good yields. With the 5a-compound, lumistenol (IX; 
R = B), oxidation with chromic acid or by the Oppenauer method gave material which 
required purification through the semicarbazone before lumistenone (X) (30% yield) 
could be obtained. Reduction by lithium aluminium hydride or sodium—propan-2-ol 
or by the Meerwein—Ponndorf method converted lumistenone into lumistenol (IX; R = H) 
in high yield. Similar results had previously been obtained in attempts to prepare 5«,148- 
lumistan-3a-ol (XV; R = H) from the corresponding 3-ketone (XIV), only the 38-alcohol 
(XIII; R =H) being formed by the usual chemical reducing agents. After a general 
investigation of methods for converting 38(equatorial)-alcohols into the 3«-epimers ® it was 


7 Dreiding, Chem. and Ind., 1954, 1419. 
8 Douglas, Ellington, Meakins, and Swindells, J., 1959, 1720. 
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found that the 3a-alcohols [(XI) and (XV); R = H] could be prepared by treating the 
38-toluene-f-sulphonates [(IX) and (XIII); R = p-C,H,Me’SO,] with alumina which had 
been previously impregnated with potassium hydroxide and dried at 250°. [The expect- 
ation that this method would not be satisfactory for obtaining equatorial alcohols was 
verified by the decomposition of the axial toluene-f-sulphonyl ester (II; R= 
p-C,H,Me’SO,) which gave largely olefinic material and only 10% of the 3a-alcohol 
(IV; R= H).] 

Infrared data for the partial reduction products and their 3a-epimers are shown in 
Table 2. With the ¢rans-a/B-compounds derived from dihydro- and tetrahydro-lumisterol 
the spectral properties support the 3$-axial and 3a-equatorial conformations indicated 
by the preparative work. Inverse relations (38-equatorial and 3«-axial) are suggested for 
the cis-A/B-compounds, lumistenol and its derivatives, by the form of the 1240 cm. bands 


TABLE 2. Conformations and infrared absorption of 58- and 5a-A’-compounds. 
trans-a/B system cis-A/B system 





5 9 
form (7) form (y) 
Parent C-O stretching (cm.~) ¢ 1240 cm. Acetate band ® Conformation 
compound 38-Alcohol 3a-Alcohol 3B-Acetate 3a-Acetate 38-Group 3a-Group 
Dihydrolumi- (II; R= H) (IV; R=H) (II; R=Ac) (IV; R= Ac) Axial Equat. 
sterol 101 1043 complex simple 
Tetrahydro- (V; R=H) (VII; R=H) (V; R= Ac) (VII; R= Ac) Axial Equat. 
lumisterol 1017 1044 complex simple 
Lumistenol (IX; R=H) (XI; R=H) (IX; R= Ac) (XI; R = Ac) Equat. Axial 
1037 1035 simple complex 


* Cole, R. N. Jones, and Dobriner, J. Amer. Chem. Soc., 1952,'74, 5571. & R.N. Jones, Humphries, 
Herling, and Dobriner, ibid., 1951, 78, 3215. 

in the acetates [(IX) and (XI); R= Ac]. While the C-O stretching frequency (1037 
cm.*) of the 38-alcohol (IX; R = H) is reasonable for an equatorial conformation, the 
value (1035 cm.) of the 3a-epimer (XI; R = H) is unusually high for the axial type. 
However, coprostan-38- and -3a-ol behave similarly (bands at 1038 and 1035 cm. 
respectively ®) and other examples of epimeric 3-alcohols with cis-A/B-rings giving very 
close C—O frequencies have been encountered.!° These results, combined with the chemical 
evidence, suggest that both 38- and 3a-cis-A/B-compounds adopt form (x), and that this 
form even with a 3a-axial substituent is more stable than the alternative form (y) with a 
3a-equatorial group. The situation is to be contrasted with that found in neoergosterol 
where the 3-epimers are thought to take up different conformations such that the 36- and 
the 3a-hydroxyl group are both equatorial.” 


EXPERIMENTAL 

For general directions see J., 1958, 2156. Acetates and 3,5-dinitrobenzoates are described 
in the sections headed by the name of the parent alcohol. 

5a-Lumist-7-en-38-ol (Lumistenol) (IX; R = H).—A saturated solution of lumisteryl 
acetate (20 g.) in glacial acetic acid (375 c.c.) and perchloric acid [3 c.c. of a solution made from 

® Cole, R. N. Jones, and Dobriner, J. Amer. Chem. Soc., 1952, 74, 5571. 

10 Unpublished work in this series. 

11 Barton, Cookson, Klyne, and Shoppee, Chem. and Ind., 1954, 21. 
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60% aqueous perchloric acid (10 c.c.) and ethyl acetate (900 c.c.)] was shaken in hydrogen with 
freshly prepared Adams catalyst (1-2 g.). When ca. 2-1 mol. of hydrogen had been absorbed 
(30—90 min. depending on the catalyst’s activity) the insoluble material was collected, washed 
with N-sodium hydrogen carbonate solution (100 c.c.), and dissolved in ether. Evaporation 
of the filtered solution and crystallisation of the residue from ethyl acetate gave 5a-lumist-7- 
en-38-yl acetate (IX; R = Ac) (9-36 g.) as plates, m. p. 176—178°, [a,, —32° (c 0-8) (Found: 
C, 81-45; H, 11-2. Calc. for Cs7H;90,: C, 81-4; H, 11-4%), vmax, 1736 and 1236 (simple band) 
(acetate), 1673 and 825 (A’-bond) cm.+. (Heilbron e¢ al.* record m. p. 178—179°, [a],, —33-1°.) 
The material precipitated by mixing the acetic acid filtrate and the carbonate washings obtained 
above was collected, dried, and crystallised, to give 5«-lumist-7-en-38-yl acetate (1-05 g.), m. p. 
174—177°, [a],, —29° (c 1-0). 

Saponification of the acetate with 5% ethanolic potassium hydroxide and treatment of the 
product with 3,5-dinitrobenzoyl chloride—pyridine at 20° afforded 5a-lumist-7-en-38-yl 3,5-di- 
nitrobenzoate which crystallised from ethyl acetate-ethanol as plates, m. p. 198—199°, [a],, —37° 
(c 1-3) (Found: C, 70-5; H, 8-25; N, 4:75. C3,;H;90,N, requires C, 70-7; H, 8-5; N, 4-7%). 
Hydrolysis of this ester on alkaline alumina ™ yielded 5«-lumist-7-en-38-ol (IX; R= H), 
double m. p. 115—118° and 124—126° after crystallisation from methanol, [a],, —6° (c¢ 1-2) 
(Found: C, 84:1; H, 12-2. Calc. for C,,H,,0: C, 83-9; H, 12-1%), vmax, 3628 and 1037 (OH) 
1673 and 822 (A’-bond) cm.'. Heilbron e¢ a/.* record m. p. 114—116°, {a],, —0-5°. 

38-Benzyloxy-5a-lumist-T-ene (IX; R= CH,Ph).—A solution of 5«-lumist-7-en-36-ol 
(400 mg.) and benzyl chloride (2 c.c.) in dioxan (10 c.c.) was heated with powdered potassium 
hydroxide (4 g.) at 100° for l hr. After filtration and evaporation at 15 mm. the residue was 
extracted with light petroleum. The solution so obtained was washed with water and filtered 
through anhydrous sodium sulphate on to alumina (50 g.; Grade 0). Elution with light 
petroleum—benzene (4:1, 150 c.c.) afforded the benzyl ether (400 mg.), m. p. 109—111° (from 
methanol), {a],, —20° (c 0-8) (Found: C, 85-9; H, 11-1. C,;H,,O0 requires C, 85-65; H, 11-1%). 

58-Lumista-7,22-dien-38-ol (Dihydrolumisterol) (Il; R = H).—Sodium (1 g.) was added to a 
stirred solution of lumisterol (1 g.) in ether (50 c.c.) and liquid ammonia (60c.c.). After 30 min. 
ethanol (~10 c.c.) was added slowly until the blue colour disappeared. The ammonia was 
allowed to evaporate, water was added, and the material isolated with ether (containing 10% of 
chloroform) was chromatographed on deactivated alumina (70 g.). Elution with light 
petroleum—benzene (3:1; 400 c.c.) afforded 5$-lumista-7,22-dien-38-ol (0-85 g.), m. p. 141— 
144° (needles from methanol). Further elution with light petroleum—benzene (1:1; 250 c.c.) 
gave 58-lumista-7,22-dien-3«-ol (IV; R = H) (see below) (0-1 g.), m. p. 134—138°. 

In preparative work lithium (10 g.) and then absolute ethanol were added to lumisterol 
(40 g.) dissolved in dry ether (1500 c.c.) and liquid ammonia (1500 c.c.). Crystallisation of the 
product from chloroform-—methanol (without chromatography) yielded 5-lumista-7,22-dien- 
36-ol (II; R = H) (35 g.), m. p. 140—144°. A part of this material was purified through the 
3,5-dinitrobenzoate (see below), and then had m. p. 141—143°, [a],, +33° (c 1-2) (Found: C, 84-4; 
H, 11-6. Calc. for C,,H,O: C, 84:35; H, 11-6%), vmax, 3620 and 1019 (OH), 1667 and 820 
(A?-bond), and 970 (A**-bond) cm.7. Windaus e¢ al.* give m. p. 138—139°, [aJ,, +50-4°. 

The acetate (II; R = Ac), prepared from the 38-alcohol with acetic anhydride—pyridine 
at 20°, crystallised from ethanol as needles, m. p. 141—142°, [a],, + 22° (c 1-3) (Found: C, 81-5; 
H, 10-9. Calc. for Cy5H,,0,: C, 81-8; H, 110%), vmax, 1737, 1254, and 1240 (complex band) 
(OAc), 1667, 970, and 823 cm. (Windaus et al. record m. p. 142°, [a] +25-2°). The 3,5-dinitro- 
benzoate had m. p. 166-5—167-5° (from ethyl acetate—ethanol), {a],, +3° (c 1-1) (Found: C, 70-95; 
H, 8:3; N, 4:45. C,,;H,,0,N, requires C, 70-9; H, 8-2; N, 47%). 

58-Lumist-7-en-38-ol (Tetrahydrolumisterol) (V; R = H).—A solution of 58-lumista-7,22- 
dien-3«-yl acetate (10 g.) in ethyl acetate (300 c.c.) was shaken in hydrogen with Adams catalyst 
(1 g.). When ca. 1-1 mol. of hydrogen had been absorbed (~ 40 min.) the solution was filtered 
and concentrated to a small volume, whereupon 56-lumist-7-en-36-yl acetate (V; R = Ac) 
(8 g.) crystallised as needles, m. p. 108—111°. Part of this material was saponified with 5% 
ethanolic potassium hydroxide and the product treated with 3,5-dinitrobenzoyl chloride— 
pyridine at 20°. The 3,5-dinitrobenzoate so obtained had m. p. 157-5—159° after crystallisation 
from ethyl acetate—alcohol, [a|,, +2-5° (¢ 1-8) (Found: C, 70-95; H, 8-6; N, 4-6. C,;H;O,N, 
requires C, 70-7; H, 85; N, 4-7%), and on hydrolysis afforded 58-lumist-7-en-38-ol (V; 
R = H), m. p. 128—131° (from ethanol), [aJ,, +49-5° (c 1-9) (Found: C, 83-9; H, 12-0. C,,H,,O 

12 Castells and Fletcher, J., 1956, 3245. 
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requires C, 83-9; H, 12-1%), vmax, 3606 and 1017 (OH), 1663 and 820 (A?7-bond) cm.*. Acetyl- 
ation with acetic anhydride—pyridine at 20° gave 58-lumist-7-ene-38-yl acetate (V; R = Ac), 
m. p. 111—112-5° (from ethanol), [aj,, +29° (c 1-3) (Found: C, 81-2; H, 11-35. Cy pH,.0, 
requires C, 81-4; H, 11-4%), vmax, 1729, 1253, and 1238 (complex band) (OAc), 1668 and 825 
cm.}, 

56-Lumista-7,22-dien-3-one (III1).—8N-Chromic acid (~1-3 c.c.) was added dropwise to a 
solution of 58-lumista-7,22-dien-38-ol (II; R = H) (2 g.) in acetone (30 c.c.) until the super- 
natant liquid remained yellow. After 2 min. the mixture was poured into water and extracted 
with ether. The material so obtained crystallised from methanol, to give the ketone (III) 
(1-2 g.), m. p. 168—172°, [a], +34° (c 0-5) (Found: C, 85-0; H, 11-4. C,gH,,O requires C, 84-8; 
H, 11-2%), vmax, 1718 (C=O), 975 (A®*-bond), and 826 (A’-bond) cm.!. The ketone did not 
show selective ultraviolet absorption in the 2100—2600 A range, neither did the solution 
obtained by heating the ketone (10 mg.) with potassium hydroxide (100 mg.) in ethanol (100 mg.). 

58-Lumista-7,22-dien-3a-ol (IV; R = H).—Sodium (5 g.) was added during 3 hr. to a 
refluxing solution of 5$-lumista-7,22-dien-3-one (500 mg.) in propan-2-ol (100 c.c.). Dilution 
with water and extraction with ether gave material which was adsorbed on deactivated alumina 
(40 g.). Light petroleum—benzene (2:1; 150 c.c.) eluted 58-lumista-7,22-dien-38-ol (II; 
R = H) (50 mg.), m. p. 139—143°, identified by mixed m. p. and comparison of infrared 
spectra with authentic material. Light petroleum—benzene (1:1; 400 c.c.) eluted the 3a- 
alcohol (420 mg.), m. p. 131—134°, which was converted into 58-lumista-7,22-dien-3a-yl 3,5-di- 
nitrobenzoate, m. p. 168—169° (from ethyl acetate—ethanol), {a],, +29° (c 1-0) (Found: C, 70-7; 
H, 8-2; N, 4:8. (C,;H,O,N, requires C, 70-9; H, 8-1; N, 4.7%). Hydrolysis * gave 58- 
lumista-7,22-dien-3a-ol (IV; R = H), m. p. 135—138° (plates from ethanol), [a], +45° (c 0-7) 
(Found: C, 84:7; H, 11-7. C,,H,4,O requires C, 84-45; H, 11-6%), vmax 3620 and 1043 (OH), 
981 (A?*-bond), and 825 (A’-bond) cm.?. Acetylation with acetic anhydride—pyridine at 20° 
yielded 5a-lumista-7,22-dien-3a-yl acetate (IV; R= Ac), m. p. 125—128° (from methanol), 
[a] +54° (c 0-6) (Found: C, 81-9; H, 11-2. C 9H,,O, requires C, 81-8; H, 11-0%), vmax. 1736 
and 1243 (simple band) (OAc), 980, and 823 cm.?. 

On reduction of 58-lumista-7,22-dien-3-one (500 mg.) with lithium aluminium hydride the 
36-alcohol (II; R = H) (60 mg.) and the 3a-alcohol (IV; R = H) (410 mg.) were isolated. 

58-Lumist-7-en-3-one (V1).—Oxidation of 58-lumist-7-en-38-ol (V; R = H) (1 g.) in acetone 
(20 c.c.) with 8N-chromic acid (~0-6 c.c.) gave the ketone (VI) (0-77 g.), m. p. 161—164° (from 
methanol), [a|,, +37° (c 1-2) (Found: C, 84-65; H, 11-75. C,,H,,O requires C, 84-35; H, 11-6%), 
Vmax, 1718 (C=O), 1680 and 825 (A?-bond) cm.7, with no selective ultraviolet absorption between 
2100 and 2600 A before or after treatment with alkali. 

58-Lumist-7-en-3a-ol (VII; R = H).—Reduction of the preceding ketone (500 mg.) with 
sodium—propan-2-ol as described above, and chromatographic separation of the products, gave 
58-lumist-7-en-38-ol (V; R =H) [60 mg.; m. p. 128—131°, eluted with light petroleum-— 
benzene (2: 1)] and 58-/umist-7-en-3a-ol (VII; R = H) [405 mg.; eluted with light petroleum— 
benzene (1: 1)], m. p. 139—142° (from methanol), [a],, +63° (c 1-1) (Found: C, 84-2; H, 12-1. 
C,,H,,O requires C, 84-0; H, 12-0%), vmax, 3610 and 1045 (OH), and 829 (A’-bond) cm.*!. 

With lithium aluminium hydride the ketone (500 mg.) gave the 38-alcoho) (V; R = H) 
(95 mg.) and the 3a-alcohol (VII; R = H) (390 mg.). 

58-Lumist-7-en-3a-yl acetate (VII; R= Ac) was obtained by treating the 3a-alcohol 
(VII; R =H) with acetic anhydride—pyridine at 20°, and also by hydrogenating 58-lumista- 
7,22-dien-3a-yl acetate (IV; R = Ac) (0-2 g.) in ethyl acetate (10 c.c.) in the presence of Adams 
catalyst (0-1 g.). After crystallisation from acetone—methanol this acetate (VII; R = Ac) had 
m. p. 117—119°, [a], +54° (c 0-8) (Found: C, 81-7; H, 11-6. Cy 9H;,O, requires C, 81-4; 
H, 11-4%), vmax, 1734 and 1243 (simple band) (OAc), and 826 (A’-bond) cm.}. 

5a-Lumist-7-en-3-one (X).—5a-Lumist-7-en-38-ol (IX; R = H) (1 g.) in acetone (20 c.c.) 
was oxidised with 8N-chromic acid in the usual way. After two crystallisations from acetone— 
methanol the product (0-7 g.), m. p. 125—140°, was chromatographed on alumina (70 g.; 
Grade 0). Light petroleum—benzene (1:1; 250 c.c.) eluted impure 5a-lumist-7-en-3-one 
(0-6 g.) with m. p. 127—141°, not appreciably changed by repeated crystallisation. 

A similar product (0-6 g.; m. p. 123—139°) was obtained by refluxing 5a-lumist-7-en-38-ol 
(0-8 g.) and aluminium t-butoxide (2-5 g.) in dry benzene—acetone (2:1; 65 c.c.) for 20 hr., 
diluting the mixture with water, and extracting it with ether. 

Samples (3 g.) of impure 5$-lumist-7-en-3-one prepared by the two methods yielded the 
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same semicarbazone (1-6 g.; m. p. 205—210° after three crystallisations from ethanol). A 
suspension of the derivative (1-6 g.) in ether (100 c.c.) and 2N-hydrochloric acid (100 c.c.) was 
shaken until no insoluble material remained. The product (0-9 g.) obtained from the ether 
layer crystallised from acetone—methanol to give 5a-lumist-7-en-3-one, m. p. 139—143°, [a] —5° 
(c 0-9) (Found: C, 84:25; H, 11-3. C,,H,,O requires C, 84-4; H, 11-55%), vax 1714 (C=O) 
and 825 (A’-bond) cm.", there being no selective ultraviolet absorption between 2100 and 2600 A 
before or after treatment with alkali. 

Reduction of 5a-Lumist-7-en-3-one (X).—(a) With sodium in propan-2-ol. Sodium (10 g.) was 
added during 3 hr. to a refluxing solution of the ketone (1-0 g.) in propan-2-ol (150 c.c.). The 
product obtained by dilution with water and extraction with ether was adsorbed on deactivated 
alumina (70 g.). Elution with light petroleum—benzene (3:1; 400 c.c.) gave material (0-95 g.) 
which was dissolved in pyridine and treated with 3,5-dinitrobenzoyl chloride. The product so 
obtained crystallised from ethyl acetate-ethanol, to give 5a-lumist-7-en-38-yl 3,5-dinitro- 
benzoate (1-4 g.), m. p. and mixed m. p. 196—199°, [a],, — 36° (c 0-8). Saponification on alkaline 
alumina !* gave the alcohol (IX; R = H), m. p. 121—126° (without crystallisation), identified 
by its infrared spectrum. 

(b) With lithium aluminium hydride. Reduction of 5«-lumist-7-en-3-one (500 mg.) with an 
excess of lithium aluminium hydride followed by the procedure described above gave 5a-lumist- 
7-en-38-yl 3,5-dinitrobenzoate (690 mg.), m. p. 197—199°. 

(c) Meerwein—Ponndorf method. The ketone (800 mg.) was reduced with aluminium 
isopropoxide (1-5 g.) in propan-2-ol (60 c.c.) in the usual way, and the product chromatographed 
on deactivated alumina (60 g.). Elution with light petroleum—benzene (19:1; 250 c.c.) gave 
impure 5a-lumist-7-en-3-one (250 mg.), m. p. 130—141°, identified by its infrared spectrum. 
Light petroleum—benzene (3:1; 400 c.c.) eluted 5a-lumist-7-en-38-ol (IX; R = H) (500 mg.) 
which was converted into its 3,5-dinitrobenzoate (710 mg.), m. p. 196—199°. 

Reduction of 5«,148-Lumistan-3-one (XIV).—Samples (500 mg.) of the ketone ! were reduced 
by each of the three methods described under the A’-ketone (X) above. In each case only 
5a, 146-lumistan-36-ol } (XIII; R = H) was isolated: the yields of this product after crystal- 
lisation were 82, 80, and 81% in methods (a), (b), and (c) respectively. 

Epimerisation of Hydroxyl Groups via Toluene-p-sulphonates.—(a) With 5a-lumista-7,22- 
dien-38-ol (Il; R=H). Treatment of the alcohol (1 mol.) with toluene-p-sulphonyl chloride 
(2 mol.) in an excess of pyridine at 0° for 24 hr. gave the toluene-p-sulphonate (II; R = p- 
C,H,Me’SO,), m. p. 131—133° (from ethanol) (Found: C, 76-3; H, 9-3. C3;H;,0;S requires 
C, 76-1; H, 9-4%), vmax, 1189 and 1180 cm.1. This ester (1 g.) was decomposed on alumina 
impregnated with potassium hydroxide in the usual way.* After 66 hr. elution with benzene 
(100 c.c.) gave a compound (probably 58-lumista-2,7,22-triene) (0-6 g.), m. p. 111—113° (Found: 
C, 88:5; H, 11-8. C,H, requires C, 88-4; H, 11-6%). Elution with ether—methanol (20: 1; 
200 c.c.) gave 58-lumista-7,22-dien-3«-ol (IV; R = H) (0-15 g.), m. p. 134—138°, [a], +44° 
(c 0-7), identified by mixed m. p. and comparison of infrared spectra with an authentic sample. 

(b) With 5a-lumist-7-en-38-ol (IX; R =H). The alcohol with toluene-p-sulphony] chloride— 
pyridine at 0° afforded the toluene-p-sulphonate (IX; R = p-CgH,Me’SO,), m. p. 165—170° 
(variable) (Found: C, 75-8; H, 9-8. C,;H;,0,S requires C, 75-6; H, 10-0%), vmax, 1191 and 
1178 cm.}. After decomposition of the ester (1 g.) on alkaline alumina, elution with benzene 
gave a compound (probably 5«-lumista-2,7-diene) (0-27 g.), m. p. 89—91° after crystallisation 
from methanol (Found: C, 88-0; H, 11-9. C,,H,, requires C, 87-9; H, 12-05%). Ether-— 
methanol (50:1; 250c.c.) eluted 5a-lumist-7-en-3a-ol (0-37 g.), m. p. 120—125°. This material 
was converted into the corresponding 3,5-dinitrobenzoate, m. p. 177—179° (plates from ethyl 
acetate-alcohol), [a], —33° (c 0-5) (Found: C, 70-4; H, 8-5; N, 4-9. C,;H;9O,N, requires 
C, 70-7; H, 8-6; N,4:7%). Hydrolysis of the ester afforded 5a-lumist-7-en-3a-ol (XI; R = H), 
m. p. 124—125° (from ethanol), {a],, — 14° (c 0-5) (Found: C, 83-7; H, 12-1. C,gH,,O requires C, 
84:0; H, 120%), vmax. 3613 and 1035 (OH), and 823 (A’-bond) cm.1. Acetylation with acetic 
anhydride-pyridine at 20° yielded 5a-lumist-7-en-3a-yl acetate (XI; R = Ac), m. p. 71—74° 
(needles from methanol), [a], —12° (c 0-7) (Found: C, 81-6; H, 11-2. Cy H;,O, requires 
C, 81-4; H, 11-4%), vax. 1735, 1252, and 1236 (complex band) (OAc), and 820 (A?-bond) cm.*1. 

In another experiment 5a-/umist-7-en-38-yl p-bromobenzenesulphonate (IX; R= p- 
C,H,Br-SO,) [1 g.; m. p. 144—148° (Found: C, 66-0; H, 8-1. C,,H;,BrO,S requires C, 65-9; 
H, 8:2%), Vmax, 1188 and 1178 cm.] was decomposed on alkaline alumina, to give 5a-lumist-7- 
en-3a-ol (0-31 g.), m. p. and mixed m. p. 121—125°, further identified by its infrared spectrum. 
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(c) With 5a,148-lumistan-38-ol} (XIII; R=H). The 36-toluene-p-sulphonate (XIII; 
R = p-C,H,Me’SO,) (0-7 g.; m. p. 154—158°; vmax, 1190 and 1180 cm.!; not analysed) 
was decomposed on a column of alkaline alumina. Olefinic material (0-2 g.) eluted with benzene 
was discarded. Ether-methanol (50:1; 250 c.c.) eluted 5«,148-/umistan-3a-ol (XV; R = H) 
(0-25 g.), m. p. 122—124° (after purification through the 3,5-dinitrobenzoate and crystallisation 
from methanol), {a],, +40° (c 0-6) (Found: C, 83-3; H, 12-5. C,,H;,0 requires C, 83-6; H, 
12-4%), Vmax, 3660 and 1036 (OH) cm.?. The 3,5-dinitrobenzoate had m. p. 184—186° (from 
ethyl acetate-ethanol), [a] -+-38° (c 0-3) (Found: C, 70-5; H, 8-75; N, 4-7. C3;H;,0,N, requires 
C, 70-4; H, 8-8; N, 47%). The acetate (XV; R = Ac) was an oil, [a], +23° (c 1-0) (Found: 
C, 81-2; H, 11-6. Cj 9H;,0, requires C, 81-1; H, 11:7%), vmax, 1737, 1254, and 1236 (complex 
band) (OAc) cm."}. 
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564 Steroids of Unnatural Configuration. Part IV.* Oxidation 
of Lumisterol and Lumisteryl Acetate with Perbenzoic Acid. 


By P. A. Mayor and G. D. MEAKINs. 


Lumisterol and its acetate are converted by perbenzoic acid into 58,68- 
epoxides, ring opening of which leads ultimately to two known triols. 
These compounds are now shown to be lumista-7,22-diene-38,58,68-triol 
(IIIa) and -38,58,6«-triol (IVa). The stereochemical aspects of the sequences 
leading to these triols have been examined, and the structures of intermediates 
and related compounds determined. 


Previous work on triols derived from lumisterol may be summarised as follows. 
Oxidation of lumisterol (Ia) by perbenzoic acid yielded a triol monobenzoate from which 
triol-I was obtained by boiling methanolic potassium hydroxide. When lumisteryl 
acetate (Ib) was similarly oxidised an acetate oxide was obtained. With boiling water 
the acetate oxide produced a triol monoacetate which was converted into triol-II by 
saponification.2 Oxidation of the triols to the same hydroxy-diketone,? coupled with 
indirect evidence that the 5,6-double bond of lumisteryl acetate is attacked by the peracid 
treatment,‘ led to representation of the triols as 3,5,6-trihydroxy-compounds differing 
only in their configurations at position 6. 

The main object of the present work was to elucidate the structures and stereo- 
chemistry of these triols. To simplify discussion the structures finally established for the 
triols are used from the outset, and it is assumed that they arise by oxidation of the 5,6- 
double bond in lumisterol and its acetate. This assumption is verified below. 

The original oxidation of lumisterol (Ia) to triol-I monobenzoate (IIId) with perbenzoic 
acid in chloroform solution was complete in 18 hours at 0°. Attempts were first made 
to isolate intermediates by stopping the reaction at various stages, but the mixtures so 
obtained were difficult to separate. However, with benzene as solvent the oxidation 


Part III, preceding paper. 


+ 

1 Heilbron, Spring, and Stewart, J., 1935, 1221. 
2 Dimroth, Ber., 1936, 69, 1123. 

* Heilbron, Moffet, and Spring, J., 1937, 411. 

* Burawoy, J., 1937, 409. 
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was much slower, formation of triol-I monobenzoate requiring 5 days at 5°, and by inter- 
rupting the reaction after 22 hr. a hydroxy-oxide (Ila) was isolated in good yield. 
Treatment of this hydroxy-oxide with benzoic acid in benzene (containing a trace of 
perbenzoic acid) caused smooth opening of the epoxide ring and afforded triol-I mono- 
benzoate (IIId). Triol-I (IIIa) was obtained from the benzoate (IIId) by alkaline 
hydrolysis at 20°. 

Perbenzoic acid converted lumisteryl acetate (Ib) into an acetate oxide ? (IIb) which 
was unchanged by contact with benzoic acid. This acetate oxide was also obtained by 
acetylating the hydroxy-oxide (IIa): the reverse process (IIb —» IIa) was already 
known.? Attempts to open the epoxide ring of the acetate oxide (IIb) with dilute mineral 
acid gave intractable oils. Controlled ring-fission could be achieved only by boiling the 
oxide with water? which yielded mainly triol-II monoacetate (IVb) accompanied by a 
little triol-I monoacetate (IIIb). Saponification of acetate (IVb) at 20° afforded triol-II. 

Oxidation of triols-I and -II by chromic acid in acetone under mild conditions led in 
both cases to two products, the hydroxy-diketone * (V) and the dihydroxy-ketone (VI; 
R=H). These oxidations, together with the assumption that epoxidation of lumisterol 
and its acetate occurs at the 5,6-double bond, confirm the view that the triols differ only 
in their configurations at position 6. 

At this stage experiments were carried out to confirm the relations (apart from stereo- 
chemical details) between the compounds already described. Acetylation of triol-I (IIIa) 
and its monoacetate (IIIb) afforded the diacetate (IIIc): triol-II (IVa) and its mono- 
acetate (IVb) gave an isomeric diacetate (IVc). The ease of these reactions showed the 
acetoxyl groups in the diacetates to be at positions 3 and 6. The light absorption of the 
dihydroxy-ketone (VI; R = H) proved it to be an «$-unsaturated ketone: its hydroxyl 
groups are therefore at positions 3 and 5, and on oxidation the expected hydroxy-diketone 
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RO c, R= R‘= Ac 
= 


CoHi7 









HO OR’ d, R=H, R’=Bz 


” |: e, R= R’=Bz 
“ON RS AND an) 
J + < & 
/ oO RO 
“ HO O HO O (IVb) 
Sew) NGS (VI) 


(IV) a, R=R’=H 
' b, R=Ac, R’=H 
HO 6p’ c, R=R’= Ac 


2 


+» > 
AcO okie RO 
<) 


(Ib) (IIb) 


Reagents: |, BZO,H-CgH,. 2, BZOH-CgHg. 3, H,O at 100°. 4, AcgO-C5H;N. 5, CrO;-COMe, at 20° 
(various times). 6, ACOH at 100°. 7, OsO,. 


(V) was formed. The derived acetate (VI; R = Ac) must contain a 3-acetoxyl group 
since it was obtained by mild acetylation of the diol (VI; R = H) and by direct chromic 
oxidation of lumisteryl acetate (Ib).4 Formation of acetate (VI; R = Ac) from triol-II 
monoacetate (IVb), the major product in the ring opening of the acetate oxide (IIb), 
confirms the 3-acetoxy-structure of these compounds. [The minor product of ring opening, 
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triol-I monoacetate (IIIb) is thus almost certainly a 3-acetate although this is not rigor- 
ously proved.} Chromic oxidation of triol-I monobenzoate (IIId) gave a monoketone (X) 
containing a non-conjugated (i.e., 3-) carbonyl group, indicating that the benzoyloxy- 
group is at position 6 rather than 5. Proof of this point is given below. 

Triols-I (IIIa) and -II (IVa) are formed by opening of the epoxide rings in the oxides 
(IIa) and (IIb). Although the configurations of the epoxide rings are uncertain at this stage 
it is established that the orientations are the same (both « or both 8) in the two cases. The 
production of different triols must then be a consequence of different modes of ring opening, 
or of stereochemical inversion at C,,) during the conversion of the products of ring opening 
into the triols. Triol-II is formed by mild hydrolysis of a 3-acetoxy-5,6-diol (IVb), which 
is unlikely to cause inversion at Cg. A similar conclusion for the formation of triol-I 
followed from its formation by reduction of triol-I monobenzoate (Id) with lithium 
aluminium hydride, as well as by saponification of this ester. Benzoylation at 20° of 
triol-I and its monobenzoate to the same dibenzoate (IIIe) confirmed this and also the 
6-benzoyloxy-structure of the monobenzoate (Id). The stereochemical difference between 
the two series arises, then, during the hydrolysis of the 5,6-epoxides (IIa) and (IIb). 

The formation of triol-I in high yield from lumisterol (Ia) and osmium tetroxide 
indicated a 5,6-cis-structure for this triol, and a 5,6-tvans-orientation for triol-II. In 
accordance with this only triol-I formed an isopropylidene derivative (VIII) when solutions 
of the triols in acetone were refluxed with anhydrous copper sulphate. The possibility 
that this derivative possessed a 3,5- or 3,6-bridge was excluded by its oxidation to an 
isopropylidenedioxy-ketone (IX) with a non-conjugated carbonyl group. 

The molecular rotations of the triols and their acetates provided evidence about the 
configurations at position 6 in these compounds. On Mills’s generalisation 5 that allylic 
alcohols and derivatives of type (A) have more positive rotations than their enantiomers 
(B), the figures in the following Table suggest that triol-I has the 68- and triol-II the 
6«-configuration, though application of the rule is rendered somewhat uncertain ® by the 
presence of vicinal hydroxyl groups. 


Type (A) Type (B) 

C = HO 
[M]p [M]p 
( J 3. ia +198° Se BR vetincdassiiceibbininitinasinuevunias —21° 
Triol II 3-monoacetate (IVb) ............ + 264° Triol I 3-monoacetate (IIIb) ............ + 28° 
Triol II 3,6-diacetate (IVc) ............... +792° Triol I 3,6-diacetate (IIIc) ............... —211° 


Unambiguous proof of the orientations of the 5-hydroxy-groups was obtained by the 
following sequences. Lithium aluminium hydride reduced the acetate oxide (IIb) to a diol 
(XIII; R =H) which formed only a monoacetate (XIII; R= Ac), and therefore has 
hydroxyl groups at positions 3 and 5. With carbonyl chloride the diol gave a cyclic 
carbonate (XIV). (The possibility that carbonyl chloride had coupled two molecules of 
triol to a “dimeric ’’ carbonate was excluded by a molecular-weight determination.) 
It follows that the 5-hydroxyl group in the diol (XIII; R = H) must have the same (8) 
configuration as the 3-hydroxyl group. 

The diol monoacetate (XIII; R = Ac) was next prepared from triol-I monobenzoate 
(IIId). Benzylation [to the dibenzyl ether (XI)] followed by reduction with lithium in 
ethylamine and acetylation of the product gave the diol monoacetate (XIII; R = Ac) 
and dihydrolumisteryl acetate® (XII; R= Ac), the latter predominating. [It was 
found later that direct reduction of triol-I monobenzoate with lithium in ethylamine 


5 Mills, J., 1952, 4976. 
* Part III, preceding paper. 








[1960] Steroids of Unnatural Configuration. Part IV. 2795 


led to the same products. These reductions probably proceed by reductive fission of the 
allylic C-O bond in the ester or ether to give the mesomeric anion (XV). Addition of a 
proton affords the diol (XIII; R = H), but prior loss of hydroxide ion gives lumisterol 


(11la) (IIId) 


' f) a (IIb) 
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(VIII) . (X) (XI) 


AN Y 


5Ou) BAR LO 
y rar + oe 


oO 
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Reagents: 1, COMe,-CuSO,. 2, CrO,;-COMe, at 20°. 3, Li-Et‘NH,. 4, CgHs*CH,CI-KOH. 5, LiAIH,. 
6, COCI;-C;Hs;N-CgH,Me. 
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(XVI) which is known to form dihydrolumisterol (XII; R =H) under the reaction 
conditions. } 

Triol-I monobenzoate (IIId) and, in turn, triols-I and -II [and their oxidation products 
(V) and (VI)] are thus shown to possess 58-hydroxyl groups. This feature, together with 
the relative orientations of the 5- and the 6-hydroxyl group already established, leads to 
formulation of triol-I as the 38,58,66-triol (IIIa) and triol-II as the 38,58,6«-isomer (IVa). 
These structures agree with the configurations at position 6 deduced from the molecular- 
rotation data. 


AS 
iG) = ney — cy (XIII; R=H) 
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(XI) R=CH,Ph H 
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+677" O2CPh 
(xvi) 4O 2 i 
(XVIII) 


The intermediate oxides (IIa) and (IIb) contain 58,68-epoxide rings. Formation of 
triol-II monoacetate (IVb) from the acetate oxide (IIb) under neutral conditions (boiling 
water) is an Sx2-type reaction with concomitant inversion at Cy. On the other hand, 
opening of the epoxide ring in the hydroxy-oxide (IIa) under acidic conditions proceeds 
with retention of configuration at positions 5 and 6. Analogous cases of acid-catalysed 
ring opening with retention are known;’? Brewster's explanation” is applicable to the 


7 (a) Wasserman and Aubrey, J. Amer. Chem. Soc., 1956, 78, 1726; (6) Brewster, ibid., p. 4061; 
(c) Curtin, Bradley, and Hendrickson, ibid., p. 4064. 
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present example as follows. In the protonated epoxide (XVII) the presence of the 7,8- 
double bond leads to a considerable contribution of the 6-carbonium ion form. Ring 
opening by a reaction of Syl character is thus facilitated and, since completion of the 
reaction does not require an appreciable “ push’ from the entering nucleophilic reagent, 
rear approach to the epoxide ring is not necessarily favoured. The observed fact that 
the benzoyloxy-anion attacks on the $-face may be a consequence of hindrance by the 
10-methyl group to approach at the a-face. Alternatively some form of bonding between 
the two ions (cf. XVIII) may be involved [the dotted line from Cg) in formula (XVIII) 
represents a partial bond of §-configuration, not a normal «-bond]. 

Two pieces of evidence confirm the assumption that the 5,6- rather than the 7,8-double 
bond in lumisterol and its acetate are oxidised by perbenzoic acid. Attack at the 7,8-bond 
would have led to a A5-3,8-diol structure for diol (XIII; R = H), and models show that 
such hydroxyl groups are too far apart to be bridged by carbonyl chloride in the formation 
of carbonate (XIV). Dehydration of the hydroxy-diketone (V) with acetic acid at 100° 
afforded a diketone with Amax, 2910 A, vmax. 1684 and 1656 cm.1. These values are in 
consonance with structure (VII) for the diketone rather than with any of the possibilities 
(e.g., a A®-8-3,7-dioxo-structure) that would have resulted from a sequence based on attack 
at the 7,8-double bond.® 

Oxidation at the 5,6-double bond of lumisterol to products of 8-configuration differs from 
the behaviour of ‘‘ normal ”’ steroids which are attacked at the «-face. The stereochemistry 
of the products is clearly determined by the configuration of the 10-methyl group, the 
reagent approaching from the side opposite to this group. Titrations with perbenzoic 
acid (see following Table) indicate that ®-face attack also occurs in the oxidation of the 
7,8-double bond in lumisterol derivatives. The results with 38,66-diacetoxy-58-lumist-22- 
ene show that the side-chain double bond was oxidised under these conditions (large excess 
of perbenzoic acid in benzene) in about 2 hours. In the triol diacetates (IIIc) and (IVc) 
the additional 7,8-double bonds were also completely oxidised under these conditions, but 
with the 58,68-isopropylidene derivative (VIII) the 7,8-double bond was not appreciably 
affected during 6 hours. Since the isopropylidene group in compound (VIII) reduces 


Equivalents of perbenzoic acid consumed 
o 


Compound at 20 


Time (hr.): 0-5 1 2 6 48 100 
38,68-Diacetoxy-5B-lumist-22-ene ®  ...........eeeeeeeeeeees 0-48 O75 O97 0-97 -- — 
38,68-Diacetoxylumista-7,22-dien-5f-ol (IIIc) ............ 1-22 1-61 1-97 1-97 — — 
38,6a-Diacetoxylumista-7,22-dien-5B-ol (IVc) ............ 1-25 1-62 1-96 1:97 = — 
58,68-Isopropylenedioxylumista-7,22-dien-38-ol (VIII) 0-51 0-78 1-01 110 1:78 2-10 


access to the 7,8-double bond only from the $-face (see Figure), attack of peracid presum- 
ably occurs from this side on the triol diacetates although not necessarily with the 
isopropylidene derivative (IX) itself. (From the results of Henbest and Nicholls ™ it 
appears unlikely that the masking of the 58-hydroxyl group in the isopropylidene derivative 
plays a major réle in determining the rate of oxidation.) Hindrance at both faces of the 


Zo akootm raw 


Me 
compound (VIII) is shown by the failure of its 38-hydroxyl group to react with acetic 
anhydride—pyridine at 20°. 

8 Ruzicka and Jeger, Helv. Chim. Acta, 1942, 25, 775. 


® Mayor and Meakins, unpublished work. 
10 Henbest and Nicholls, J., 1957, 4608. 
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In the infrared spectra of all the compounds containing the 36-acetoxy-58-hydroxy- 
system, for example, compound (XIII; R = Ac), the acetate C=O stretching frequency 
was unusually high (ca. 1750cm.). Similar results have been observed " with 3a-acetoxy- 
5a-hydroxy-derivatives of cholesterol and attributed to intramolecular hydrogen bonding 
of type -O-H::--- O-CO-. Clearly such bonding between @-substituents can occur in 


| 
10a-methyl steroids (see Figure). 


EXPERIMENTAL 
For general directions see J., 1958, 2156. 

56,68-Epoxylumista-7,22-dien-38-ol (Ila).—A solution of perbenzoic acid in dry benzene 
(6-3 c.c. of an 0-438m-solution diluted to 25 c.c. with benzene) was added to lumisterol (1 g.) in 
benzene (25 c.c.) at 5°. After 22 hr. at 5° the mixture was poured on a column of deactivated 
alumina (100 g.). Elution with benzene afforded successive fractions consisting of 68-benzoyl- 
oxylumista-7,22-diene-38,58-diol (100 mg.) (see below) and the epoxy-alcohol (450 mg.), m. p. 
129—132° (from acetone), [a],, + 180° (c 0-9) (Dimroth ? gives m. p. 132°, [a], + 173°). 

68-Benzoyloxylumista-7 ,22-diene-38,58-diol (I1Id).—(a) From lumisterol (Ia). Lumisterol 
(1 g.) was treated with perbenzoic acid as in the preceding experiment and the solution kept at 
5° for 5 days. Adsorption on alumina followed by elution with benzene as above gave the 
triol monobenzoate (700 mg.), m. p. 189—191° (after two crystallisations from benzene), [a],, — 66° 
(c 1-0) (Heilbron ef al.1 record m. p. 185—186°, {a],, — 68°). 

(b) From 58,68-epoxylumista-7,22-dien-38-ol (IIa). A solution of the epoxy-alcohol (250 
mg.), benzoic acid (85 mg.), and perbenzoic acid (0-1 c.c. of an 0-395m-solution in benzene) in 
dry benzene (12 c.c.) was kept at 5° for 3 days, and then washed with aqueous sodium hydrogen 
carbonate. Removal of solvent and crystallisation of the residue from acetone gave the triol 
monobenzoate as needles (70 mg.), m. p. and mixed m. p. 184—186°, [a], —63°. 

68-Benzoyloxy-58-hydroxylumista-7,22-dien-3-one (X).—The preceding triol monobenzoate 
(500 mg.) in acetone (50 c.c.) was oxidised with 8N-chromic acid (1-3 c.c.) for 30 sec. The 
product obtained on dilution with water and extraction with ether was chromatographed on 
neutral alumina (40 g., prepared from Grade H material with ethyl acetate 12). Elution with 
light petroleum—benzene (1: 1) gave 68-benzoyloxy-58-hydroxylumista-7,22-dien-3-one (300 mg.), 
m. p. 209—211° (needles from methanol), [a],, — 63° (c 0-7) (Found: C, 78-9; H, 9-6. Cs;H4.O, 
requires C, 78-9; H, 9-1%), vmax, (in Nujol) 3575, 1705 (broad, 3-oxo- and 6-oxo-groups), 1283, 
and 711 cm.1. 

58,68-Epoxylumista-7,22-dien-38-yl Acetate (IIb).—Lumisteryl acetate (1 g.) in benzene 
(35 c.c.) was oxidised with perbenzoic acid (5-7 c.c. of an 0-458m-solution) at 5° for 18 hr. 
Passage of the solution through alumina, removal of solvent, and crystallisation of the residue 
from acetone afforded the epoxy-acetate (700 mg.), m. p. 132-5—134-5°, [a], +124° (c¢ 0-5) 
(lit.,2 m. p. 133°, [a],, +119°) (Found: C, 79-45; H, 10-25. Calc. for C3,H,4,O,: C, 79-2; H, 10-2%). 

This epoxy-acetate was also obtained (identification by mixed m. p. and comparison of 
infrared spectra with the above material) from the epoxy-alcohol (IIa) with acetic anhydride— 
pyridine at 20°. 

Lumista-7,22-diene-38,58,68-tviol (Triol-I) (IIIa).—(a) By hydrolysis of 68-benzoyloxy- 
lumista-7 ,22-diene-38,58-diol (1IId). A solution of the triol monobenzoate (350 mg.) in 5% 
methanolic potassium hydroxide (20 c.c.) was refluxed for 3 hr. A similar solution was kept 
at 20° for 24 hr. The solutions were separately poured into water and extracted with ether. 
Both experiments gave the triol (200 mg.), m. p. 180—182° (from light petroleum), [a], —5° 
(c 0-5) (cf. lit.,1 m. p. 180—181°, [a], —9°) (Found: C, 78-1; H, 10-9. Calc. for C,,H,,O;: 
C, 78-1; H, 10-8%). 

(b) By reduction of 68-benzoxylumista-7,22-diene-38,58-diol. Lithium aluminium hydride 
(1 g.) was added to the triol monobenzoate (0-5 g.) in ether (100 c.c.), and the mixture refluxed 
for 2 hr. The triol (0-3 g.) isolated in the usual way crystallised from aqueous methanol as 
needles, m. p. and mixed m. p. 179—181°, [aJ,, —4°. 

(c) By oxidation of lumisterol (Ia). Osmium tetroxide (1 g.) in ether (50 c.c.) was added to 
lumisterol (1-4 g.) in ether—pyridine (50:3; 53 c.c.), and the mixture kept at 20° for 3 days. 
Lithium aluminium hydride (1 g.) was added and the mixture was refluxed for 2 hr. After 


11 Henbest and Lovell, J., 1957, 1965. 
12 Douglas, Ellington, Meakins, and Swindells, J., 1959, 1720. 
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addition of ethyl acetate followed by 3n-sulphuric acid the product was isolated with ether and 
crystallised from aqueous methanol. The triol (0-7 g.) so obtained had m. p. and mixed m. p. 
179—181°, [a], —5°. 

With acetic anhydride—pyridine at 20° the triol gave 36,68-diacetoxylumista-7,22-dien-58-ol 
(IIIc), m. p. 129—131°, [a],, —41° (c 0-6) (lit.,1 m. p. 128—130°, [a], —48° in acetone) (Found: 
C, 75-0; H, 10-0. Calc. for C5,H;90;: C, 74:7; H, 9-8%). 

Treatment of either the triol (IIIa) or the triol monobenzoate (IIId) with benzoyl chloride- 
pyridine at 20° gave 38,68-dibenzoyloxylumista-7,22-dien-58-ol (IIIe) which crystallised from 
methanol as needles, m. p. 146—148°, [a], +7° (c 0-9) (Found: C, 78-8; H, 9-0. C, .H;,0; 
requires C, 79-0; H, 8-5%). 

Ring Opening of 58,68-Epoxylumista-7,22-dien-38-yl Acetate (IIb)—A Soxhlet thimble 
containing the epoxy-acetate (3-5 g.) was submerged in boiling water for 1 hr. The thimble 
was extracted with ether and the material so obtained chromatographed on neutral alumina 
(300 g.). Elution with benzene-ether (9:1) and evaporation of solvent gave two fractions, 
A and B. Fraction A consisted of 36-acetoxylumista-7,22-diene-58,68-dio] (IIIb) (150 mg.), 
needles (from methanol), m. p. 168—170°, [a],, + 6° (c 0-5) (Found: C, 76-1; H, 10-6. C,9H,,O, 
requires C, 76:2; H, 10-2%), vmax, 3605, 1755, and 1219 cm.+. Treatment of this material 
with acetic anhydride—pyridine at 20° gave 38,68-diacetoxylumista-7,22-dien-58-ol (IIIc), 
m. p. and mixed m. p. 129—131°. 

Crystallisation of fraction B from aqueous methanol afforded 38-acetoxylumista-7,22-diene- 
58,6a-diol (IVb) (850 mg.), m. p. 181—188°, {a],, +56° (c 0-7), which was acetylated at 20° to 
36,6a-diacetoxylumista-7,22-dien-58-ol ([Vc), m. p. 142—145°, [a], +154° (c 0-6) (Found: 
C, 74-5; H, 9-7. Calc. for C,,H;,0,: C, 74:7; H, 9-8%). Dimroth ? records m. p. 178—179°, 
[aj,, +28°, and m. p. 143°, [a], + 114° (in acetone) for the mono- and the di-acetate respectively. 

Lumista-7,22-diene-38,58,6a-triol (Triol-II) ([Va).—A solution of 38-acetoxylumista-7,22- 
diene-58,6«-diol (IVb) (2 g.) in 5% methanolic potassium hydroxide (300 c.c.) was kept at 20° 
for 24 hr. The material obtained by dilution with water and extraction with ether crystallised 
from aqueous methanol to give the triol (1-6 g.), m. p. 176—183° (decomp.), [aJ,, +46° (c 0-6) 
(lit.,2. m. p. 180—183°, [a], +38°). 

Oxidation of Lumista-7,22-diene-38,58,68-triol (IIIa) and Lumista-7,22-diene-38,58,6a-triol 
([Va).—A solution of the 38,58,68-triol (1-5 g.) in acetone (150 c.c.) was treated with 8n-chromic 
acid (2-1 c.c.). After 10 sec. water was added and the mixture extracted with ether. The oil 
so obtained was chromatographed on neutral alumina (150 g.). Elution with benzene—ether 
(9:1) gave 58-hydroxvlumista-7,22-diene-3,6-dione (V) (200 mg.) which crystallised from 
methanol as needles, double m. p. 180—184° and 187—189° (Heilbron e¢ a/.* record m. p. 182— 
183°), {a],, —17° (c 0-6) (Found: C, 78-8; H, 10-1. Calc. for C,,H,,0,: C, 78-8; H, 9-9%), 
Amax. 250 my (¢ 16,500), Vmax, (in Nujol) 3365, 1715, and 1678 cm.1. 

Further elution with benzene-ether (9:1) afforded 38,58-dihydroxylumista-7,22-dien-6-one 
(VI; R = H) (150 mg.), m. p. 189—192° (from methanol), [a),, +6° (c 0-5) (Found: C, 78-2; 
H, 10-2. C,,H,,O, requires C, 78-45; H, 10-35%), Amax, 250 my (e 12,900), vax, (in Nujol) 3350 
and 1662 cm.+. Treatment of this compound in acetone with 8N-chromic acid yielded the 
hydroxy-diketone (IV), identified by its double m. p. 180—184° and 187—189°, and comparison 
of infrared spectra with authentic material. 

Similar oxidation of the 38,58,6«-triol (1-5 g.) gave 58-hydroxylumista-7,22-diene-3,6-dione 
(500 mg.) and 38,58-dihydroxylumista-7,22-dien-6-one (300 mg.). 

38-A cetoxy-58-hydroxylumista-7,22-dien-6-one (VI; R = H).—(a) From lumisteryl acetate 
(Ib). 8N-Chromic acid (35 c.c.) was added to lumisteryl acetate (10 g.) in acetone (11.). After 
30 sec. the mixture was diluted with water and extracted with ether. The material so obtained 
was chromatographed on deactivated alumina (500 g.). Elution with benzene gave an oil 
(1-4 g.) which was discarded and then 38-acetoxy-58-hydroxylumista-7,22-dien-6-one (2-2 g.), 
m. p. 180—182° (needles from propan-2-ol), [a], + 16° (c 0-6) (Found: C, 76-8; H, 10-2. Calc. 
for CygHyO,: C, 76-55; H, 9-85%), Amax, 2490 A (c 14,100) and 3240 A (e 116), Vmax, 3585, 1755, 
1678, 1250, 1210, and 1026 cm.+. (Burawoy* used chromic oxide in acetic acid for this 
oxidation and obtained a comparable yield of product m. p. 177—178°, [a], +11-7°.) 

(b) From 38-acetoxylumista-7,22-diene-58,6a-diol (IVb). The triol monoacetate (400 mg.) 
in acetone (50 c.c.) was oxidised with 8Nn-chromic acid (0-5 c.c.) for 30 sec. 38-Acetoxy-58- 
hydroxylumista-7,22-dien-6-one (225 mg.) was isolated in the usual way and had m. p. 182— 
184° undepressed on admixture with an authentic specimen. 
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(c) From 36,58-dihydroxylumista-7,22-dien-6-one (VI; R=H). Acetylation of the di- 
hydroxy-ketone was carried out with acetic anhydride—pyridine at 20°. The product, m. p. 
181-5—183°, was identified by mixed m. p. and comparison of infrared spectra with material 
obtained as in (a) above. 

58,68-Isopropylenedioxylumista-7,22-dien-38-ol (VIII).—A solution of lumista-7,22-diene- 
38,58,68-triol (250 mg.) in dry acetone (100 c.c.) was refluxed with anhydrous copper sulphate 
(2-5 g.) for 28hr. Filtration and evaporation of the solvent gave the derivative which crystallised 
from methanol as needles, m. p. 154—156°, [a], +43° (c 0-8) (Found: C, 79-4; H, 10-7. 
C3,H59O; requires C, 79-1; H, 10-7%), Vmax, 3555 and 1030 cm.71. 

The isopropylidene derivative was recovered unchanged after treatment with acetic 
anhydride—pyridine at 20° for 24 hr. 

The derivative (80 mg.) in acetone (10 c.c.) was oxidised with 8N-chromic acid (0-2 c.c.) for 
30 sec. Standard manipulation gave 58,68-isopropylidenedioxylumista-7,22-dien-3-one (IX), 
m. p. 204—207° (from methanol), [a], +20° (c 0-4) (Found: C, 79-5; H, 10-1. C;,H,,O, 
requires C, 79-4; H, 10-3%), vmax, 1725 and 1020 cm.*. 

Lumista-7,22-diene-38,58-diol (XIII; R= H).—Lithium aluminium hydride (2 g.) was 
added in portions to a solution of 58,68-epoxylumista-7,22-dien-38-yl acetate (IIb) (1 g.) in 
ether (200 c.c.), and the mixture was refluxed for 2 hr. The product obtained by the usual 
treatment was chromatographed on deactivated alumina (100 g.). Elution with benzene gave 
the diol (77 mg.), needles (from methanol), m. p. 191—193°, [aJ,, +8° (c 0-5) (Found: C, 80-3; 
H, 11:2%). After sublimation in vacuo the material had m. p. 192—194° (Found: C, 80-4; 
H, 11-05. C,gH,4,O, requires C, 81-1; H, 11-2%), vmax, 3620, 3530, and 3350 cm.7}. 

Treatment with acetic anhydride—pyridine at 20° afforded 38-acetoxylumista-7,22-dien-58-ol 
(XIII; R = Ac), m. p. 145—147° (from methanol), [«],, + 29° (c 0-6) (Found: C, 79-2; H, 11-05. 
C39H,4,O, requires C, 78-9; H, 10-6%), vmax, 3590, 1749, 1230, and 1207 cm... 

Lumista-7,22-dien-38,58-ylene Carbonate (XIV).—Toluene (150 c.c.) saturated with carbonyl 
chloride at 5° was added to a solution of the above diol (480 mg.) in a mixture of pyridine (10 
c.c.) and chloroform (50 c.c.). After being kept at 20° for 2 days the mixture was washed 
successively with aqueous potassium hydrogen carbonate (to remove excess of reagent), 3N- 
hydrochloric acid, and aqueous potassium hydrogen carbonate. After removal of solvent from 
the dried solution the residue was chromatographed on deactivated alumina (50 g.). Light 
petroleum—benzene (1:1) eluted the carbonate (160 mg.) which crystallised from methanol 
as needles, m. p. 230—233°, [a], +19° (c 0-6) (Found: C, 79-0; H, 10-2%; M,420. C,.H,,O; 
requires C, 79-0; H, 10-1%; M, 441), vmax, 1760, 1229, 1187, 1107, and 1068 cm.*. 

36,68-Dibenzyloxylumista-7,22-dien-5B-ol (XI).—A solution of 68-benzoyloxylumista-7,22- 
diene-38,58-diol (IIId) (500 mg.) and benzyl chloride (2 c.c.) in dioxan (50 c.c.) was heated with 
powdered potassium hydroxide (4 g.) at 100° for 15 min. After filtration the solution was 
evaporated at 100°, first at 20 mm., then at 0-01 mm. The residue was extracted with light 
petroleum, and the material so obtained was chromatographed on deactivated alumina (50 g.). 
Elution with light petroleum—benzene (4:1) gave the dibenzyl ether, needles (from methanol), 
m. p. 105—107°, [a], —31° (c 0-6) (Found: C, 82-75; H, 9-7. C,.H;,0O, requires C, 82-6; 
H, 9-6%), Vmax, 3495, 1088, and 1070 cm.*1. 

Reductions by Lithium in Ethylamine.—(a) A mixture of the dibenzyl ether (XI) (200 mg.), 
finely cut lithium (100 mg.), and ethylamine (25 c.c.) was shaken in a stoppered flask until a blue 
colour persisted and then for a further 15 min. Water was added cautiously and the mixture 
was extracted with ether. The material so obtained was dissolved in pyridine (2 c.c.), acetic 
anhydride (2 c.c.) was added, and the mixture kept at 20° for 24 hr. The acetylated product 
was chromatographed on deactivated alumina (20 g.). Light petroleum—benzene (9: 1) eluted 
58-lumista-7,22-dien-38-yl acetate ®§ (XII; R = Ac) (70 mg.), m. p. and mixed m. p. 141—143°. 
Elution with light petroleum—benzene (1:1) gave 38-acetoxylumista-7,22-dien-58-ol (XIII; 
R = Ac) (33 mg.), m. p. 144—147°, identified by mixed m. p. and comparison of infrared 
spectra with the product obtained from the epoxy-acetate (IIb) (see above). 

(b) 68-Benzoyloxylumista-7,22-diene-38,58-diol (IIId) (1 g.) was reduced with lithium 
(700 mg.) in ethylamine (50 c.c.), and the product acetylated and chromatographed as in the 
preceding experiment. This reduction yielded the acetoxy-diene (XII; R = Ac) (300 mg.) and 
the hydroxy-acetoxy-diene (XIII; R = Ac) (90 mg.). 

Lumista-4,7,22-triene-3,6-dione (VII).—A solution of 58-hydroxylumista-7,22-diene-3,6- 
dione (V) (500 mg.) in acetic acid (100 c.c.) was kept at 100° for 1 hr. The material obtained 
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by dilution with water and extraction with ether was chromatographed on neutral alumina 
(40 g.). Benzene eluted the triene-dione (135 mg.) which crystallised from methanol as pale 
yellow plates, m. p. 157—159°, [a],, + 154° (c 0-5) (Found: C, 82-7; H, 10-0. C,,H,,O, requires 
C, 82:3; H, 9:9%), Amax, 291 my (e 12,500), vmax, 1684, 1656, and 1250 cm.4. Elution with 
benzene-ether (9: 1) gave starting material (95 mg.). 


The authors are indebted to Professor E. R. H. Jones, F.R.S., for his interest and advice, 
to the Ministry of Education for a grant (to P. A. M.), to Miss W. Peadon for recording the 
spectroscopic data, and to Mr. E. S. Morton for performing the microanalyses. 
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565. Steroids of Unnatural Configuration. Part V.1 Preparation 
of Lumistanol A from an Oxidation Product of Lumisteryl Acetate. 


By P. A. Mayor and G. D. MEAKINs. 


36-Acetoxy-58-hydroxylumista-7,22-dien-6-one (II), an oxidation product 
of lumisteryl acetate, has been converted into the acetate of lumistanol A, one 
of the hexahydro-derivatives of lumisterol. This work provides further 
evidence for the formulation of lumistanol A as 58-lumistan-38-ol (VIII; 
R = H). 


In previous work structure (II) was established? for the acetoxy-hydroxy-ketone ? 
obtained by oxidising lumisteryl acetate (I; R = Ac) with chromic acid, and lumistanol A, 
one of the hexahydro-derivatives of lumisterol (I; R = H), was shown ’ to have structure 
(VIII; R=H). The conversion of the acetoxy-hydroxy-ketone (II) into lumistanyl A 
acetate (VIII; R = Ac) by the route described below links the oxidation and reduction 
products of lumisterol and provides further proof that lumistanol A has the 58,88- 
configuration. 

The 5-hydroxyl group of the acetoxy-hydroxy-ketone (II) was removed by reduction 
with zinc in boiling acetic acid to give the conjugated acetoxy-ketone (III). Lithium in 
ammonia reduced the latter to a mixture which after acetylation was resolved into the 
non-conjugated acetoxy-ketone (IV) and the diacetate (V). By direct reduction of the 
acetoxy-hydroxy-ketone (II), followed by acetylation, a mixture of the conjugated acetoxy- 
ketone (III) and the non-conjugated acetoxy-ketone (IV) was obtained. (The proportions 
of the products formed in these dissolving-metal reductions depended on the experimental 
conditions.) 

Hydrogenation of the side-chain double bond in the non-conjugated acetoxy-ketone 
(IV) was accompanied by partial reduction of the 6-oxo-group, but after mild oxidation 
the saturated acetoxy-ketone (VI) was isolated in good yield. Wolff—Kishner reduction 
of this ketone led to intractable oils, and the 6-oxo-group was removed via the dithioketal 
(VII) (conveniently formed in the presence of the boron trifluoride-ether complex “) which 
was desulphurised to lumistanyl A acetate (VIII; R = Ac). 

The light absorption of the intermediates (III)—(VII) confirmed the nature of their 
functional groups: stereochemical features were deduced as follows. Reduction of the 
7,8-double bond in the conjugated acetoxy-ketones (II) and (III) by lithium in ammonia 
will give > the more stable 88-configuration of the non-conjugated acetoxy-ketone (IV) 
(both 8«,5«- and 8«,58-structures require one ring to be in the boat form %). The acetoxy- 
ketone ([V) was recovered unchanged after treatment with boiling methanolic potassium 

1 Part IV, preceding paper 

2 Burawoy, /., 1937, 409. 

. Part II, J., 1960, 2627. 
5 


Fieser, J]. Amer. Chem. Soc., 1954, '76, 1945. 
Barton and Robinson, /J., 1954, 3045. 
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hydroxide and reacetylation, and therefore has the more stable configuration at C;,). 
Although both 88,5«- and 88,58-structures correspond to all-chair forms, the 88,58-structure 
(trans-a/B-ring fusion) (IV) containing one less skew interaction is preferred. The 
6-acetoxy-group in the diacetate (V) is assigned the $-configuration since this leads to 
an equatorial conformation for the group. 


CoHj7 CoHi7 









AcO 





H 
0 g's 
(V1) (vy LJ (VIII) 


Reagents: |, CrOs-COMe,. 2, Zn-AcOH. 3, Li-NHs. 4, AcgO-C;H;N. 5, Hg-Pt-EtOAc. 
6, HS*[CHg]_*SH-BFs. 7, Raney Ni-EtOH. 


EXPERIMENTAL 


For general directions see J., 1958, 2156. 

38-A cetoxy-5B-lumista-7,22-dien-6-one (III). Zinc dust (20 g.) was added in portions 
during 1 hr. to a refluxing solution of 3@-acetoxy-58-hydroxylumista-7,22-dien-6-one (II) 
(2-5 g.) } in acetic acid (150 c.c.). After filtration and evaporation at 15 mm. the residue was 
extracted with ether. The material so obtained crystallised from methanol to give the acetoxy- 
ketone (1-1 g.), m. p. 125—127°, [aj,, +14° (c 0-5) (Found: C, 79-4; H, 10-0. C3 9H,.O, requires 
C, 79-2; H, 10-2%), Amax, 2440 A (c 15,800), Vmax. 1740, 1675 (conjugated 6-oxo-group), and 
1234 cm.7}, 

Reductions by Lithium in Ammonia.—(a) Of 38-acetoxy-58-hydroxylumista-7 ,22-dien-6-one 
(II). Lithium (500 mg.) was added in portions to a stirred solution of the acetoxy-hydroxy- 
ketone (1 g.) in dry ether (100 c.c.) and liquid ammonia (250 c.c.). Stirring was continued until 
a blue colour persisted and then for a further 30 min. Solid ammonium chloride was added 
and the material so obtained was treated with acetic anhydride (5 c.c.)—pyridine (5 c.c.) at 20° 
for 24 hr. The acetylated product was chromatographed on deactivated alumina (100 g.). 
Elution with light petroleum—benzene (1 : 1) gave 38-acetoxy-58-lumist-22-en-6-one (IV) (190 mg.), 
needles (from methanol), m. p. 135—137°, {a],, —41° (c 0-7) (Found: C, 78-7; H, 10-5. CypH4,O, 
requires C, 78-9; H, 10-6%), no ultraviolet absorption near 2500 A, vmax 1739, 1712 (non- 
conjugated 6-oxo-group), 1242, and 1017 cm.}. 

Benzene eluted 38-acetoxy-58-lumista-7,22-dien-6-one (III) (270 mg.), m. p. 124—126°, 
identified by mixed m. p. and comparison of infrared spectra with authentic material. 

(b) Of 38-acetoxy-58-lumista-7,22-dien-6-one (III). The acetoxy-ketone (800 mg.) in dry 
ether (50 c.c.) was added rapidly to a stirred solution of lithium (800 mg.) in liquid ammonia 
(250 c.c.). Ammonium chloride was added after 10 min., and the products were isolated and 
acetylated as in the preceding experiment. The material so obtained was chromatographed 
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on deactivated alumina (70 g.). Light petroleum—benzene (9:1) eluted 38,68-diacetoxy-58- 
lumist-22-ene (V) (190 mg.) which crystallised from methanol as needles, m. p. 114—116°, [a], 
— 15° (c 0-7) (Found: C, 76-95; H, 10-7. C3,H;,O, requires C, 76-75; H, 10-5%), vmax. 1743 
and 1245 cm.}. 

Elution with light petroleum—benzene (4:1) gave 38-acetoxy-58-lumist-22-en-6-one (IV) 
(340 mg.), m. p. 135—137°, identified by mixed m. p. and comparison of infrared spectra with 
authentic material. The acetoxy-ketone (50 mg.) was refluxed under nitrogen for 2 hr. with 
5% methanolic potassium hydroxide. The material obtained by dilution with water and 
extraction with ether was acetylated at 20°, to give starting material (30 mg.), m. p. and mixed 
m. p. 134—136°, [a], —39° (c 0-8). 

38-A cetoxy-58-lumistan-6-one (VI).—A solution of the above acetoxy-ketone (IV) (100 mg.) 
in ethyl acetate (10 c.c.) was shaken in hydrogen with Adams catalyst (100 mg.) for 30 min., 
filtered, and evaporated. The material so obtained (only weak absorption for a 6-oxo-group 
at 1713 cm.) was dissolved in acetone (10 c.c.) and treated with 8N-chromic acid (0-5 c.c.) at 
20° for 1 min. Dilution with water and extraction with ether afforded 38-acetoxy-58-lumistan-6- 
one (50 mg.), m. p. 95—97° after crystallisation from methanol, {a],, — 25° (c 0-8) (Found: C, 78-4; 
H, 10-7. C3 9H;,0, requires C, 78-55; H, 11-0%), vmax, 1742, 1713, and 1245 cm.7}. 

58-Lumistan-38-yl Acetate (Lumistanyl A acetate) (VIII; R = Ac).—A solution of 36- 
acetoxy-58-lumistan-6-one (40 mg.) in ethane-1,2-dithiol (0-4 c.c.) was treated with the boron 
trifluoride-ether complex (0-4c.c.) at 20°. After 15 min. aqueous potassium hydrogen carbonate 
was added and the mixture was extracted with ether. The material so obtained crystallised 
from a small volume of methanol to give the dithioketal (VII) (not analysed), m. p. 134— 
136°, Vmax, 1734, 1245, and 1017 cm.-!. This compound was refluxed in ethanol (50 c.c.) with 
Raney nickel (2 c.c. of slurry under ethanol) for 12hr. Filtration and evaporation of the solution 
gave 58-lumistan-3$-yl acetate (28 mg.), cubes (from ethanol), m. p. 81—83°, [a],, +6° (c 0-4), 
Vmax, 1733, 1247, and 1231 (complex acetate band) cm."}, identified by mixed m. p. and com- 
parison of infrared spectra with that of authentic material.* A mixture of this product and 38- 
acetoxy-5a-lumistane,* which has a simple acetate band at 1241 cm.1!, melted at 60—70°. 


The authors are indebted to Professor E. R. H. Jones, F.R.S., for his interest and advice, 
to the Ministry of Education for a grant (to P. A. M.), to Miss W. Peadon for recording the 
spectroscopic data, and to Mr. E. S. Morton for performing the microanalyses. 
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566. Synthesis of (—)-2(D),4(D)-Dimethylheptacosanoic Acid.* 
By R. BretTtT_e, N. PotGar, and W. SMITH. 


(—)-2(D),4(D)-Dimethylheptacosanoic acid (III) has been synthesised, 
with D-(+)-2-methylpentacosan-l-ol * (II; R =H) as intermediate; the 
latter was obtained from L-(+)-5-acetoxy-4-methylpentanoic acid! (I) by 
anodic coupling with docosanoic acid. The preparation of (+-)-2(D),4(D)-di- 
methylheptacosan-1-ol (IV) by reduction of the acid (III) is also described. 


In continuation of previous! experiments we have now synthesised (—)-2(D),4(D)-di- 
methylheptacosanoic acid (III). The synthesis was undertaken in connection with studies 
of the lipids of tubercle bacilli; from earlier work ** the acid (III) was believed to arise on 
stepwise degradation of mycoceranic acid, but this now appears to be doubtful in view of 
the recently published * indication that mycoceranic acid is a mixture of several closely 
related acids. L-(+)-5-Acetoxy-4-methylpentanoic acid! (I) was used as starting 


* The symbols D and L are used in the sense defined by Linstead, Lunt, and Weedon (J., 1950, 3333). 

1 Bailey, Brice, Horne, and Polgar, J., 1959, 661. 

2 Polgar, J., 1954, 1011. 

% Asselineau, Ryhage, and Stenhagen, Acta Chem. Scand., 1957, 11, 196. 

4 C. Asselineau, J. Asselineau, Ryhage, Stallberg-Stenhagen, and Stenhagen, Acta Chem. Scand., 
1959, 18, 822. 
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material. Anodic coupling of this acid with docosanoic acid, followed by hydrolysis of the 
acetoxy-derivative (II; R = Ac) resulting from crossed coupling, gave D-(+-)-2-methyl- 


CHyOAc — CHy OR ‘ ‘ CHyOR 
H:C-Me —-H-C-Me Me-[CH,] 22*CHMe-CH,-CHMe-COH (IT) H-C-Me 

(cH,]. [CH]. D D [CH], 

i D Me-[CH,] 22°>CHMe-CH,-CHMe-CH,-OH_ (IV i 

CO,H CH, e-[CHa] 2 pein m™) Me-CH 

(I) (11) (V) CH OR 


pentacosan-l-ol (II; R =H). This alcohol was converted, via the toluene-p-sulphonate, 
into the corresponding iodide which by condensation with ethyl sodiomethylmalonate, 
followed by hydrolysis and decarboxylation, afforded a mixture of the acid (III) with its 
2(L)-diastereoisomer. Chromatography of the corresponding methyl esters on alumina 
resulted in the isolation of the 2(D)-ester. The latter on reduction with lithium aluminium 
hydride gave (+-)-2(D),4(D)-dimethylheptacosan-l-ol (IV); hydrolysis of the 2(D)-ester 
under the conditions described in the Experimental section resulted in the acid (III) with 
[a], —4-2°. 

In the course of this work electrolysis of the (+)-acetoxy-acid (I) gave (+)-1,8-di- 
acetoxy-2,7-dimethyloctane (V; R = Ac) which on prolonged alkaline hydrolysis afforded 
the (+)-diol (V; R = H). 


EXPERIMENTAL 


Optical rotations were measured in a l-dm. tube. Petrol refers to light petroleum, b. p. 
40—60°. The alumina used for chromatography (Spence, type H) was washed with acid, and 
had activity II on Brockmann and Schodder’s scale.® 

D-(+)-2-Methylpentacosan-l-ol (II; R = H).—Crude L-(+)-acetoxy-4-methylpentanoic 
acid,! kindly supplied by Glaxo Laboratories Ltd., was purified by fractional distillation; the 
product had b. p. 160°/10 mm., n,"* 1-4400, d,'* 1-0805, {a],,!* 4-76° (homogeneous). A hot 
solution of docosanoic acid (9 g.; obtained from octadecan-1l-ol, purified by distillation of its 
acetate through an 18-inch electrically heated column packed with wire-gauze rings, by standard 
chain-lengthening procedures) in light petroleum (b. p. 60—80°; 300 c.c.) was added to a 
solution of the above acetoxy-acid (30 g.) and methoxide (from 3 g. of sodium) in hot methanol 
(250 c.c.), and the mixture electrolysed in a cell essentially as described by Nguyen Dinh- 
Nguyen,® except that it was fitted with a cooling coil; more methoxide [from sodium (0-3 g.)] in 
methanol (50 c.c.) was added after 0-5 hr. Mercury (25—30 c.c.) was used as the cathode, and 
a rotating platinum disc as the anode (the rotation inhibiting the coating of this electrode with 
sparingly soluble electrolysis products). Throughout the electrolysis the temperature of the 
mixture was maintained at 47° by adjustment of the rate of flow of water through the cooling 
coil and the outer jacket of the cell. The initial current was 2-6 a; after 4 hr. it fell to a steady 
value of 0-65 a. The mixture was then separated from the sodium amalgam formed during the 
electrolysis, and evaporated. The residue was refluxed with ether, and the ethereal solution 
filtered, washed with aqueous sodium hydroxide and then with water, dried (MgSO,), and distilled. 
Three runs on the above scale were worked up together, and the fraction, b. p. >107°/0-1 mm., 
hydrolysed by refluxing it with a solution of potassium hydroxide (20 g.) in water (35 c.c.) and 
ethanol (160 c.c.) for 16 hr. Isolation of the product by extraction with ether afforded a wax 
(15-3 g.) which, after crystallisation from petrol followed by crystallisation from acetone, gave 
D-(+)-2-methylpentacosan-1-ol, m. p. 67—67-5°, [a],,?® +5-5° (c, 8-15 in chloroform) (Found: C, 
81-6; H, 14-2. C,,H,,O requires C, 81-6; H, 14-2%): the infrared spectrum showed bands at 
3300 and 1050 cm. (OH). 

D-1-Iodo-2-methylpentacosane.—Toluene-p-sulphonyl] chloride (6-49 g.) was added in small 
portions to an ice-cold solution of D-2-methylpentacosan-1-ol (7-5 g.) in dry pyridine (250 c.c.) 
during } hr., the mixture being shaken continually. The temperature of the solution was then 
allowed to rise to 20°, and shaking continued for a further 2 hr. After a further 48 hr. at 20° 
the mixture was acidified with dilute hydrochloric acid (at 0°), extracted with ether, and the 


5 Brockmann and Schodder, Ber., 1941, 74, 73. 
6 Nguyen Dinh-Nguyen, Acta Chem. Scand., 1958, 12, 585. 
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ethereal solution washed with dilute hydrochloric acid and water. Evaporation of the dried 
(MgSO,) extract afforded the toluene-p-sulphonate (9-98 g.) (Found: C, 73-4; H, 11:3; S, 5-9. 
C33Hg9O,S requires C, 73-8; H, 11-3; S, 5-9%), m. p. 54—55° (from petrol). This ester (9-8 g.) 
was refluxed with a solution of anhydrous sodium iodide (5-7 g.) in dry acetone (150 c.c.) for 
42 hr.; the mixture was then poured into water and extracted with ether. The extract was 
washed successively with aqueous sodium hydrogen sulphite and water, dried (MgSO,), and 
evaporated. The residue was taken up in petrol, and the solution filtered through a small 
amount of alumina and then evaporated, affording D-1-i0do-2-methylpentacosane (8-3 g.), m. p. 
43—44° (Found: C, 63-3; H, 10-7; I, 26-1. C,,H,,I requires C, 63-4; H, 10-9; I, 25-8%). 

(—)-2(D),4(D)-Dimethylheptacosanoic Acid (III).—The above iodide (3-1 g.) was refluxed 
with ethyl methylsodiomalonate (from 0-25 g. of sodium, 2-6 c.c. of ethyl methylmalonate, and 
30 c.c. of ethanol) for 6 hr. After acidification with dilute hydrochloric acid, the product was 
isolated by means of ether, then refluxed with potassium hydroxide (15 g.) in water (20 c.c.) and 
ethanol (80 c.c.) for 15 hr. Most of the ethanol was then distilled off, and the residue poured 
into dilute hydrochloric acid. The product, isolated by extraction with ether, was 
decarboxylated by heating it at 180° for 2 hr.; it was then refluxed with aqueous-ethanolic 
potassium hydroxide (as above) for 20 hr., and the liberated acid again subjected to the 
decarboxylation procedure, affording a mixture of the acid (III) and its 2(L)-diastereoisomer 
(2-3 g.); in another experiment 13-1 g. of iodide by the above procedure gave 10-65 g. (91%) of 
the diastereoisomeric acids. This mixture was esterified with methanolic sulphuric acid, and a 
5 g. portion of the methyl ester chromatographed in petrol on alumina (200 g.; 3-5 x 25 cm.). 
On elution with petrol, the earlier fractions contained material of low rotatory power; the 
later fractions yielded material of {a],, —2-25° (1-97 g.). Rechromatography of the latter 
afforded methyl (—)-2(D),4(D)-dimethylheptacosanoate, {a|,,}? —4-9° (c 9-35 in chloroform), m. p. 
46-5—47-5° after crystallisation from petrol at —40° (Found: C, 79-1; H, 13-1. C 9H, ,O, 
requires C, 79-4; H, 13-2%); the rotatory power remained unchanged on further chromatography 
on alumina. This ester (0-39 g.) was refluxed with a solution of potassium hydroxide (1 g.) in 
water (3 c.c.) and ethanol (7 c.c.) for Lhr. Acidification with dilute hydrochloric acid, followed 
by extraction with ether, afforded the 2(D),4(D)-acid, m. p. 54—55° after crystallisation from 
petrol at — 6°, [a],,2* —4-2° (c 6-05 in chloroform) (Found: C, 79-3; H, 13-1. C,gH;,O, requires 
C, 79-4; H, 13-3%); there was no change in rotatory power on recrystallisation of the acid from 
petrol. 

When the 2(D),4(D)-ester was refluxed with aqueous-ethanolic potassium hydroxide for 
3 hr., acid, [a],, —2-75°, resulted; on refluxing the ester with 10% aqueous-ethanolic potassium 
hydroxide for 25 hr. the resulting acid had, after purification by chromatography over silica, 
[a], —0-65°. 

” (+)-2(D),4(D)-Dimethytheptacosan-1-ol (IV).—The 2(D),4(D)-ester (0-42 g.) in ether was 
added to an ethereal suspension of lithium aluminium hydride, and the mixture refluxed for 
30 min. The excess of lithium aluminium hydride was decomposed by ethyl acetate; water 
was then added, followed by dilute sulphuric acid. The aqueous phase was extracted with 
ether, and the combined ethereal solutions were washed with water, dried (MgSO,), and 
evaporated. The residue was chromatographed in petrol on alumina (15 g.). The fractions 
eluted by petrol, followed by petrol—benzene (9: 1) were rejected; benzene eluted 2(D),4(D)-di- 
methylheptacosan-\-ol which, after crystallisation from petrel, had m. p. 63—64°, [a],,?* +3-17° 
(c 4-42 in chloroform) (Found: C, 81-6; H, 14-0. C,,H, 9O requires C, 82-0; H, 14:2%). 

(+)-1,8-Dihydroxy-2(D),7(L)-dimethyloctane (V; R = H).—A solution of L-(+-)-5-acetoxy-4- 
methylpentanoic acid (8-5 g.; 0-049 mole) and methoxide [from sodium (0-75 g.; 0-0326 mole)] 
in methanol (300 c.c.) was electrolysed in the cell described above for 1-5 hr., the temperature 
being maintained at 20—40°; the initial current was 4-5 a, dropping to a steady value of 
06a. After removal of the sodium amalgam formed, the solution was evaporated, the residue 
taken up in ether, and the ethereal extract washed with aqueous sodium hydroxide and water, 
then dried (MgSO,), and evaporated. The product (4-04 g.) gave on distillation the diacetoxy- 
derivative (V; R = Ac), b. p. 158-5—159°/9-5 mm., n,,"8 1-4370, {a],,1*°> + 2-08° (homog.) (Found: 
C, 65-5; H, 9-9. C,gH..O, requires C, 65-1; H, 10-1%). More diacetoxy-derivative was 
obtained, as by-product, in the mixed electrolyses described above. Hydrolysis of the 
diacetoxy-derivative (43-3 g.) by a refluxing solution of potassium hydroxide (56 g.) in water 
(90 c.c.) and ethanol (200 c.c.) for 20 hr. gave a mixture of acetoxy- and hydroxy-derivatives. 
Further refluxing with a solution of potassium hydroxide (125 g.) in water (100 c.c.) and ethanol 
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(300 c.c.) for 70 hr., followed by acidification and extraction with ether, gave (+-)-1,8-dihydroxy- 
2(D),7(L)-dimethyloctane as an oil which slowly crystallised (2 days), and had m. p. 33—34°, 
[a],,"* + 22-5° (c 17-16 in chloroform) (Found: C, 69-2; H, 12-4. C, H,,O0, requires C, 69-0; 
H, 12-6%). 

When, in a comparative experiment, the electrolysis of (+)-5-acetoxy-4-methylpentanoic 
acid (8-5 g.) was performed in the presence of methoxide from 1 g. (0-0435 mole) of sodium at a 
slightly higher temperature (20—50°), a mixture of the 1,8-dihydroxy- and the 1,8-diacetoxy- 
compound resulted. 


THE Dyson PERRINS LABORATORY AND DEPARTMENT OF BIOCHEMISTRY, 
OxFORD UNIVERSITY. [Received, December 21st, 1959.} 





567. 1,2,3,4-T'etrahydro-8-methylfluoren-1-one. 
By D. A. H. Taytor. 


7-Methylindenyl-3-acetic acid has been synthesised by a Reformatsky 
reaction on 4-methylindan-l-one. Lengthening the side chain by two carbon 
atoms and cyclisation of the product with phosphorus pentachloride gives 
1,2,3,4-tetrahydro-8-methylfluoren-l-one. 


In a recent paper Howell and Taylor! have described the synthesis of 1-methylfluorene 
from indene, but the method could not usefully be employed with Bz-substituted indenes 
because of the ambiguity between the 1- and the 3-position. A Reformatsky reaction has 
now been carried out on 4-methylindan-l-one.? In contrast to the results of von Braun 
et al. with indan-l-one the yield was rather low and the product was not completely separ- 
able from the original ketone by distillation. However, alkaline hydrolysis readily gave 
the expected acid. The side chain in this was lengthened twice by the sequence of 
reduction with lithium aluminium hydride, esterification with benzenesulphonyl chloride, 
reaction with potassium cyanide, and hydrolysis; in each case the reaction with cyanide 
gave a low yield. 


Me 


CH,-CO,H au 
Y ~ 


Me 


All the compounds obtained had similar ultraviolet absorption spectra, and on this 
basis the Reformatsky product is formulated as 7-methyl-3-indenylacetic acid (I). 8-3- 
Indenylpropionic acid }3 has a similar spectrum, Amax, (in cyclohexane) 252 my. The final 
product, y-(7-methyl-3-indenyl)butyric acid cyclised readily with phosphorus penta- 
chloride, to give the required 1,2,3,4-tetrahydro-8-methylfluoren-l-one (II); the overall 
yield was very small. Analogy with the unsubstituted series 1 suggests that a better yield 
would be obtained by the use of 3-(7-methyl-3-indenyl)propyl bromide in place of the 
sulphonic ester, but it is not likely to reach a useful level, for conversion of indenylethanol 
into indenylpropionitrile via the bromide }}3 gives a very low yield indeed. 

The Reformatsky reaction has been repeated on indan-l-one, and the results were very 
similar to those with the methylated derivative. The difficulty experienced by von Braun 
et al. in hydrolysing the ester was not found, and 3-indenylacetic acid was readily obtained. 


1 Howell and Taylor, J., 1957, 3011. 
2 von Braun, Danziger, and Koehler, Ber., 1917, 50, 56. 
3% Clemo, Groves, Munday, and Swan, /., 1951, 863. 
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EXPERIMENTAL 


7-Methyl-3-indenylacetic Acid (1).—4-Methylindan-1-one (120 g.), ethyl bromoacetate (96 g.), 
benzene (500 ml.), and granulated zinc (60 g.) were refluxed together for 24 hr., then cooled. 
Dilute sulphuric acid was added, and the organic layer filtered from ketone dimer, washed with 
water, and evaporated. The residue was distilled and a fraction collected at 130—150°/0-5 mm. 
On cooling, crystals separated; filtration and crystallisation from cyclohexane gave 4-methyl- 
indan-l-one (25 g.), m. p. 95—97°. The residual oil, still containing much ketone, was refluxed 
for 5 min. with water (100 ml.), methanol (200 ml.), and potassium hydroxide (60 g.). The 
cooled solution was diluted with water (500 ml.), washed with chloroform, and acidified. 
Extraction with chloroform gave 7-methyl-3-indenylacetic acid (60 g.) which on crystallisation 
from benzene-cyclohexane formed laths, m. p. 118—120° (Found: C, 76-7; H, 6-45. C,,H,,0, 
requires C, 76-6; H, 6-4%), Amax, (in cyclohexane) 253 mu (log ¢ 4-0). 

3-Indenylacetic Acid.—In the same way indan-1-one (16 g.) gave 3-indenylacetic acid (5-9 g.), 
m. p. 93—95° (Thiele and Riidiger * give m. p. 95—96° for a specimen obtained in a different 
way) (Found: C, 75-8; H, 5-8. Calc. for C,,H,)0,: C, 75-8; H, 5:8%), Amax. (in cyclohexane) 
254 my (log ¢ 4-05). 

2-(7-Methyl-3-indenyl)ethanol.—7-Methyl-3-indenylacetic acid (45 g.) in ether was added to 
lithium aluminium hydride (10 g.) in ether. The mixture was worked up with aqueous tartaric 
acid, and the organic layer distilled. 2-(7-Methyl-3-indenyl)ethanol (27 g.) was collected at 
140°/0-5 mm. Crystallisation from cyclohexane gave a sample, m. p. 48°, Amax, (in cyclohexane) 
253 mu (log ¢ 3-92). This substance soon became sticky, and a good analysis was not obtained. 

8-(7-Methyl-3-indenylpropionic Acid.—2-(7-Methyl-3-indenyl)ethanol (25 g.) in ether (100 
ml.) was treated with pyridine (25 ml.) and benzenesulphony] chloride (18 ml.). After 2 hr. the 
mixture was diluted with water, washed with dilute hydrochloric acid, dilute sodium carbonate 
solution, and water, and evaporated. The residue was refluxed for 3 hr. with water (25 ml.), 
methanol (80 ml.), and potassium cyanide (15 g.). After cooling, the product was isolated 
with benzene as a yellow oil (18 g.), b. p. 150—180°/2 mm. This was refluxed for 12 hr. with 
sodium hydroxide (10 g.) in water (30 ml.)._ The acidic product crystallised from benzene, to 
give B-(7-methyl-3-indenyl) propionic acid (5-5 g.) as yellow needles, m. p. 159° (Found: C, 76-9; 
H, 6-9. C,,;H,,O, requires C, 77-2; H, 7-0%), Amax. (in cyclohexane) 254 my (log e« 3-95). 
Reaction of the sulphonic ester with diethyl sodiomalonate gave none of the required product. 

3-(7-Methyl-3-indenyl)propan-1-ol.—The foregoing propionic acid (5-3 g.) was reduced with 
lithium aluminium hydride (2 g.) in ether. After working up with aqueous tartaric acid, the 
organic layer was evaporated. The residue crystallised from n-pentane to give 3-(7-methyl-3- 
indenyl)propan-1-ol (4-85 g.) as yellow plates, m. p. 72—73° (Found: C, 83-1; H, 8-6. C,,H,,O 
requires C, 83-0; H, 8-6%), Amax. (in cyclohexane) 253 my (log e 3-98). 

y-(7-Methyl-3-indenyl)butyric Acid.—The above alcohol (4-2 g.) in ether (20 ml.) was treated 
with pyridine (5 ml.) and benzenesulphonyl chloride (4 ml.). After working up, the residue 
was refluxed for 12 hr. with methanol (10 ml.), water (4 ml.), and potassium cyanide (3 g.). 
The crude nitrile (3-1 g.) distilled at 134°/0-5 mm., and was then hydrolysed with sodium 
hydroxide (5 g.) in water (30 ml.). The acidic product was crystallised from cyclohexane, to 
give y-(7-methyl-3-indenyl)butyric acid (900 mg.) as colourless plates, m. p. 107—108° (Found: 
C, 77-4; H, 7-4. C,,H,,O, requires C, 77-75; H, 7-4%), Amax, (in cyclohexane) 253 my (log 
e 3-98). 

1,2,3,4-Tetrahydro-8-methylfluoren-l-one (I1).—The butyric acid (95 mg.) and phosphorus 
pentachloride (100 mg.) were refluxed in benzene (2 ml.) for 1 hr. The solution was washed 
with water and with potassium carbonate solution, dried, and evaporated. The residue crystal- 
lised from cyclohexane to give 1,2,3,4-tetrahydro-8-methylfluoren-l-one (43 mg.) as colourless 
needles, m. p. 156° (Found: C, 85-6; H, 7-1. (C,,H,,O requires C, 84-8; H, 7:1%), Amax. (in 
cyclohexane) 294 my (log <¢ 4:19). The dinitrophenylhydrazone formed very insoluble, dark red 
crystals, m. p. 300—302°. 


UNIVERSITY COLLEGE, IBADAN, NIGERIA. [Received, December 21st, 1959.]} 


4 Thiele and Riidiger, Annalen, 1906, 347, 275. 








[1960} Chatt and Hart. 2807 


568. IJsomerism and Isomerisation of Thio-bridged Complexes of 
Platinum(t1). 


By J. Cuatr and F. A. Hart. 


Thio-bridged complexes of platinum(11) have been prepared from several 
thiols R*SH, and it is shown that with one bridging sulphur atom and one 
bridging chlorine atom the cis-isomers (III) are obtained. With two sulphur 
atoms in the bridges both cis- and tvans-isomers (I and II) are obtained, and 
the cis-isomer is the more stable when R is aliphatic, the tvans- when it is 
aromatic. A novel type of isomerism (VII and VIII) depending on the 
relative positions of two different bridging thio-groups has been discovered, 
and also a covalent compound (VII; R = p-C,H,°NO,) of dipole moment 
14-8 p. - The sulphur atoms in the bridge have a pyramidal configuration. 


In 1952 we isolated the isomeric thio-bridged complexes (I and II; R = Et),1 and were 
surprised that the trans-isomer (I; R = Et) isomerised to the cts-isomer (II; R = Et), 
despite the large amount of electrical energy associated with the latter configuration 
(dipole moment 10-3 D). Similarly, the palladium analogue of (II; R = Et) was isolated, 
but the corresponding ¢vans-compound could not be obtained. 


rears, ™ f- or’, oN F ei 
(1) oN Ny Ne (Il) 


In an attempt to find out why the form (II) is favoured, we have now prepared four 
more pairs of complexes (I) and (II), with R = C,H,,, CgH;, /-CgHy*NO,, and p-C,H,°OMe, 
and have determined the equilibrium position between the isomers of each pair in benzene 
solution. We have also investigated the corresponding monothio-complexes, which were 
obtained only as cis-isomers of type (III), and also two isomeric tetrathio-complexes, (IV) 
and (V). 


R Et 

Wy, “AY fm PrP AY fst 
(III) , f ins Pras \c y f ‘; nO (IV) 

t 
Et 
Pro,P s PPr® PrP cl | 
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Pt Pt P P 

(V) an” No Nai ail aur Nise (VI) 


The configurations of the isomers were established by their electric dipole moments * 
(Table 1), and the equilibria in benzene between the isomers were determined by measuring 
the dielectric constants of their solutions at equilibrium [method (a)]. This method 
was used in similar studies of mononuclear platinous complexes.? Most of the bridged 
isomers are stable in benzene at room temperature and their isomerisation was catalysed 
by a trace of dibutylphenylphosphine, but in three cases (I and II; R = Ph, p-C,;H,’NO,, 
and p-C,H,OMe), equilibrium was also reached by heating the solutions free from catalyst 
at 60° for 2—5 days [method (6)]. The equilibrium percentages of isomers obtained by 
both methods are probably accurate to within 5% and are listed in Table 2. 

Preparation of Complexes.—The monothio-bridged complexes (III; R = C,H,,, Ph, 
p-C,HyNO,, and p-C,H,OMe) and their trans-dithio-analogues (I) were obtained by 


1 Chatt and Hart, Nature, 1952, 673; J., 1953, 2363. 
2 Chatt and Wilkins, J., 1952, 273. 
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TABLE 1. Dipole moments of thio-bridged complexes of platinum(n).* 


10°w 10°Ac 10°An —10°Av aP gP oP pb 
trans-[Pt,(SEt),(PPr®5),] (IV), pale yellow, m. p. 144°. 
5-667 2-196 
7-363 2-924 
51-41 3-482 
14-80 0-783 245-9 227-9 —4 ca. 0 


cis-[Pt,(SEt),(PPr*,).] (V), pale yellow, m. p. 119°. 
2-724 19-01 
3-866 26-88 

58-77 3: 

43-61 2-74 1399 196-5 1183 7-61 


trans-[Pt,Cl,(S°C,H,,)2(PPr®5),] (1; R = C,H,,), pale yellow, m. p. 181—187° (resolidifies, remelts at 
217°). 


-~I 
bo 
te 


3-323 1-552 
3-450 1-590 

25-09 1-48 

37-32 2-30 

44-36 2-71 268 211 37 1-35 
trans-[Pt,Cl,(p-S°C,H,"OMe),(PPr®,).] (I; R = ~p-C,H,’OMe), pale yellow, m. p. 170°. 

22-83 20-97 

16-67 15-32 

18-19 16-78 

20-47 19-00 

37-02 3-043 

19-40 1-10 366-5 254 86-9 2-06 
trans-[Pt,Cl,(S°C,H;).(PPr*).] (I; R = Ph), pale yellow, m. p. 165°. 

23-40 13-23 

26-40 14-92 

22-36 12-58 

18-64 10-50 

63-63 5-434 

49-06 2-80 277 241-5 11-6 0-75 
tvans-[Pt,Cl,(p-S*C,H,’NO,).(PPr*,).] (I; R = p-C,H,NO,), yellow, m. p. 181°. 

20-31 55-71 

20-69 56-52 

16-39 44-87 

61-02 5-813 

46-77 2-75 742 267 449 4-68 


cis-[Pt,Cl,(SC,H,,).(PPr*,),] (II; R = C,H,,), pale yellow, m. p. 217°. 
1520 18-392 


1-667 19-921 2292 10-6 
cis-[Pt,Cl,(p-S-C,HyOMe),(PPr*,),] (II; R = p-C,H,OMe), pale yellow, m. p. 154°. 
1:930 25-22 2607 11-3 


cis-[Pt,Cl,(S°C,H;).(PPr,).] (II; R = Ph), pale yellow, m. p. 136° (resolidifies, remelts ca. 164°). 
1-705 22-76 
3-424 46-53 


3-934 53-79 2547 11-2 
cis-[Pt,Cl,(p-S-CsH,"NO,),(PPr*,),] (II; R = p-C,H,NO,), yellow, m. p. 129—131°. 

1-409 23-60 

1000 16-76 3436 13-0 
cis-P(SPh)P-cis-[Pt,Cl,(SEt)(S-C,H,)(PPr°,),] (VIII; R = C,H,), pale yellow, m. p. 101—104°. 

2-959 41-19 2495 11-05 
cis-P(SEt)P-cis-[Pt,Cl,(SEt)(S-C,H,)(PPr°,),] (VII; R = C,H,), cream, m. p. 159°. 

2-293 32-24 

1907 26-46 2502 11-1 


cis-P(SEt)P-cis-[Pt,Cl,(SEt)(p-S-C,H,-NO,)(PPr*,),] (VII; R = p-C,H,'NO,), pale yellow, m. p. 199°. 
3-000 24-140 
4-761 24-106 


20-62 7°35 
36-55 7-52 


4692 201 4471 14-8 
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TABLE 1. (Continued.) 


103 10°Ac 10°An —10?Av P gP oP bp 
ft cis-[Pt,Cl,(p-S*C,H,°OMe)(PPr*,),] (111; R = p-S:C,H,°OMe), pale yellow, m. p. 249°. 

0-358 6-70 3367 12-8 
cis-[Pt,Cl,(S*C,H,)(PPr®,).] (III; R = C,H;), pale yellow, m. p. 182°. 

3-787 80-29 

6-097 132-81 

2-543 53-20 3707 13-5 
ft cis-[Pt,Cl,(p-S*C,H,*NO,)(PPr";).] (III; R = p-C,H,°NO,), pale yellow, m. p. 184°. 

0-328 5-47 

0-339 5-93 3121 12-4 


* w is the weight fraction of solute, Ae = €, — €g where €s = dielectric constant of solution, eg = 
that of benzene; similarly for An, where n = refractive index; and for Av where v = specific volume. 
7P = molar total polarisation (c.c.), 9P = molar orientation polarisation. 

t Approx. value (low solubility). 


TABLE 2. Equilibria between cis- and trans-isomers of thio-bridged 
complexes of platinum(n). 


Ac/w at equil., cis-Isomer (%) at 
Ac/w Ac/ao reached from equil. reached from 
cis tvans cis trans cis trans Method 
[Pt (SEQ) (PPrt dal .<s..<.00scoeeses 6-97 0-392 4:76 4-89 67-5 69-4 a 
[Pt,CL (SEQ) (PPres)q]  .......0000. 13-22 0-467 11-69 11-55 87-1 86-0 a 
[Pt,Cl,(SPh)(PPr,)o] ......--+0++ 13-53 0-564 1-34 0-746. gy 15 
1-35 0-759 J * 
0-965 0-854 3-1 2-2 = b (132 hr.) 
[Pt,Cl,(p-S*C,H,-OMe),(PPr*;),] 13:70 0-922 1-16 19 a 
1-38 3-6 6 (120 hr.) 
[Pt,Cl,(p-S*CgH,"NO,).(PPr®,).] 16:75 2-74 3-12 } e 
3-10 2-6 a 
3:07 3-33 
api: 2 4-2 (45 hr.) 
D>. 91.97 5 * . 
[Pt,Cl,(SPh)(PPr®,)_]  ........0006 21-27 0-5 os } ~93 “ 
-S . >prn 7. 17-2 
[Pt,Cl,(p-S*C,H,*NO,)(PPr*,) 2] 17-08 ay: } ~90—100 + . 
[Pt,Cl,(S*C,H,,)2(PPr,)9] «------+ 1203 0-464 11-08 10-36 } on a4 


* Estimated value. t Approx. value (low solubility). 


treating an alcoholic solution of the tetrachloro-compound (VI) with one and with two 
molar proportions respectively of the thiol or its sodium salt. 

Because of these reactions it is surprising that the cis-dithio-bridged complexes (II; 
R = Ph, p-C,H,°NO,, and #-C,H,-OMe) were prepared from the corresponding monothio- 
bridged complexes (III) by reaction with one equivalent of the thiol. 

The tetraethylthio-isomers (IV) and (V) were prepared by treating compound (I; R = 
Et) with the sodium salt of ethanethiol at 5°. At room temperature this reaction gave 
only a very small proportion of the cis-isomer. 

The above bridged complexes, except the monothio-complexes, are easily soluble in 
organic solvents and corresponding cis- and trans-isomers have very similar solubilities. 
This property contrasts markedly with that of the mononuclear platinum(I1) complexes, 
e.g., [(PPr®),PtCl,], where the cis- is always very much less soluble than the ¢vans-isomer 
in organic solvents. 

Mixed Dithio-bridges: a New Type of Isomerism.—A novel type of isomerism arises 
within the class of cis-dithio-complexes (II) if the two bridging thio-groups are different. 
The compound (VII; R = Ph) is produced by the action of thiophenol on the monoethy]l- 
thio-compound (III; R = Et), while the isomer (VIII; R = Ph) is given by the action of 
ethanethiol on the monophenylthio-compound (III; R= Ph). The strict preservation of 
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configuration during the introduction of the second thio-bridging group is proved by the 
isolation of compound (VII; R = p-C,H,NO,), having a dipole moment of 14-8 p, when 
the monothio-compound (III; R = Et) is treated with f-nitrothiophenol. If the positions 
of the bridging groups had been reversed, the isomer (VIII; R = p-C,H,NO,) with a 


“rN, > F aie “rN, >» P ai 
oP Ne Ng Om 
R Et 


dipole moment of about 8 D would have resulted. 14-8 p appears to be the highest dipole 
moment observed for a purely covalent molecule and is of the order of those found in salts, 
e.g., tetra-n-butylammonium acetate, 11-2 D (picrate, 17-8 p).3 

Equilibria in Benzene Solution—(a) The monothio-bridged complexes, type (III). We 
could not estimate accurately the equilibrium positions in the monothio-series of complexes 
because only cts-isomers were available; also they had rather poor solubility in organic 
solvents. Indeed, compound (III; R = p-C,H,*OMe) was too insoluble in benzene for any 
measurements. 

The dielectric constants of solutions of the substances (III; R = Ph and #-C,H,NO,) 
changed only a little on addition of dibutylphenylphosphine, which normally isomerises 
tertiary phosphine complexes of platinum(I1). If this small change was caused by isomeris- 
ation it indicated that the equilibrium mixtures of (III; R = Ph and #-C,H,NO,) contain 
over 90°%, of the cis-isomers. 

(b) The dithio-bridged complexes, types (1) and (II). There is a marked distinction 
between the aliphatic and alicyclic members of this class (I, II; R = Et and C,H,,) and 
the aromatic members (I, II; R = Ph, p-C,H,*NO,, and p-C,H,-OMe). The former give 
an equilibrium mixture containing about 90% of cis-isomers, but the latter give only 
2—3% of cis-isomers. Previously ! we incorrectly stated that compounds (I and II; R = 
Et) gave an equilibrium mixture containing >99% of the cis-isomer: the correct value is 
86—87%,. 

Although there must be some steric interaction between the groups R and the tripropyl- 
phosphine ligands, steric effects cannot bé responsible for the difference between the 
aliphatic and the aromatic members, because the bulky cyclohexylthio- and the ethylthio- 
complexes gave similar equilibrium mixtures. We therefore conclude that the preference 
for the ¢vans-configuration in the aromatic dithio-bridged complexes is due to electronic 
and not to steric effects. It is remarkable, therefore, that the powerful electron-attracting 
and -repelling groups ~-NO, and #-MeO in (I, II) have no detectable influence on the 
equilibrium position. 

(c) The tetrathio-complexes, types (IV) and (V). Compounds (IV) and (V) gave an 
equilibrium mixture containing about 68% of the cis-isomer (V). 


DISCUSSION 

Our experiments have uncovered some interesting facts but do not explain them. The 
tetrachloro-bridged complex (PPr®,),Pt,Cl, exists in the solid in the évans-form (VI),4 
and its solution appears to contain about 2% of the cis-isomer (IX). The introduction of 
PP TN frre only one bridging thio-group, whether aromatic or aliphatic, gives 
Pt Pt compounds which exist in the solid as cis-isomers (III) only; the 
a ~~ = equilibrium mixture contains only a few percent of trans-isomer. 
(IX) It might be thought that this result could be correlated with the 
trans-effects of the ligands about the platinum atoms. Groups of high ¢rans-effect in 

trans-positions to each other introduce configurational instability into the molecule.® 


* Geddes and Kraus, Trans. Faraday Soc., 1936, 32, 583. 
* Chatt, J., 1951, 652. 
5 Chatt and Williams, J., 1951, 3061; Chatt and Wilkins, /., 1952, 4300. 
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In the ¢vans-isomer of compound (III), sulphur and phosphorus, both groups of 
moderate to high trans-effects, would be in ¢rans-positions to each other. In the cis- 
isomer (III), however, only the chlorine atoms of relatively low trans-effect are in trans- 
positions to sulphur and to phosphorus, and so we might expect it to be the stable isomer. 
This effect may contribute, but we doubt whether it provides sufficient explanation of the 
stability of the cis-isomer of type (III). Neither phosphorus nor sulphur appears 
te have sufficiently high ¢rans-effects to do this, because trans-[(PPr®,),PtCl,] and trans- 
[(Pr®,S),PtCl,], where a similar consideration would apply, both predominate to over 95% 
in equilibrium with their cis-isomers.6 Also this does not explain the stabilisation of 
cis-isomers when there are two ethylthio-groups in the bridge. 

The bridged dithio-complexes present a further enigma. Why should the aliphatic 
thiols give stable cis-isomers of type (II) and the aromatic thiols stable trans-isomers of 
type (I), although the presence of #-NO, and #-OMe groups scarcely affects the equilibrium 
in the aromatic series? Even when all four acid radicals are ethylthio-groups the cts- 
isomer still predominates at equilibrium. 

There is some property of the aliphatic thio-bridge which causes the cis-isomer to be 
preferred, and this is to some extent destroyed in the aromatic thio-bridges. The PtS,Pt 
ring is probably an “ inorganic aromatic ring ’’ with a d,-d,-system covering both platinum 
and sulphur atoms. It is not clear how this could stabilise the cis-isomers, but, if it did 
and if the filled f-orbital on the sulphur atoms took any part in it, then the effect of the 
aromatic radicals might be explained as due to interaction of the #-orbital with the 
aromatic z-orbitals, so reducing their availability for the PtS,Pt ring system. The 
aromatic thiols might thus behave more like bridging halogen atoms, where the f-electrons 
are more firmly held to the halogen by its greater electronegativity. Even then we should 
expect that the availability of the p-electrons, and so the position of equilibrium, would 
depend very much on the nature of substituents in the aromatic ring; and that the 
aromatic monothio-complexes would have a trans-configuration. Neither was observed. 

If the -electrons on the sulphur atoms were strongly delocalised into either the 
aromatic systems or the PtS,Pt ring, we should also expect to find something approaching 
a planar arrangement of groups around the sulphur atoms. However, the ¢rans-isomers of 
type (I) have definite dipole moments and any completely planar structure is ruled out. 
A non-planar co-ordination about the sulphur atoms allows either a cis- or a trans-arrange- 
ment of groups R about the PtS,Pt rings (X) or (XI) respectively, but the observed 
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moments eliminate the non-dipolar form (XI). If in (X), the angle « is assumed to be half 
the tetrahedral angle, then compound (X; R= Ph) should have a moment of about 
2-1 p and (X; R = p-C,H,-NO,) a moment of about 8:3 Dp. The observed moments are 
0-75 D and 4-7 D, respectively, indicating either that « is less than 30° or, much more 
probably, that the groups R oscillate so that the true state is a dynamic equilibrium of (X) 
and (XI) with « greater than 30°. 


EXPERIMENTAL 
The preparation of the mono- and di-ethylthio-complexes has been described. Of the new 
compounds described below the monothio-complexes are stable, but the dithio- and tetrathio- 
complexes, especially (II; R = ~-C,H,*NO,) and (IV), are somewhat labile in hot solvents and 
® Chatt and Wilkins, J., 1956, 525; also unpublished work. 
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care is needed in their recrystallisation. Purification to constant molar polarisation was 
used to establish the purity of compounds whenever lability of isomers made the m. p.s un- 
reliable. This procedure is indicated by an asterisk. The colours and m. p.s of the pure 
compounds are given in Table 1. 
cis- PSP-cis-sym-yu-Chloro-p’ - phenylthio-dichlorobis(tri-n-propylphosphine)diplatinum (III; 
R = Ph). The tetrachloro-compound (VI) (1 g.) in ethanol (50 c.c.) was treated at 15° with a 
solution of thiophenol (0-129 g., 1 mol.) in ethanol (5c.c.). The solvent was removed at 12 mm. 
after 1 hr., and the residue recrystallised thrice from alcohol, giving the pure complex (0-40 g.) 
(Found: C, 31-2; H, 51%; M, ebullioscopically in 1-70% chloroform solution, 902. 
C,,H,,Cl,SP,Pt, requires C, 31-1; H, 5-1%; M, 926). 
cis- PSP-cis-sym-u-Chloro-u’ -o-nitrophenylthio-dichlorobis(tri-n-propylphosphine)diplatinum 
(III; R = p-C,H,-NO,) was prepared similarly in 40% yield (Found: C, 29-8; H, 4:8. 
Cy4HygO,NSCI,P,Pt, requires C, 29-65; H, 4-8%). 
cis-PSP-cis-sym-yu-Chloro-u’-p-methoxyphenylthio-dichlorobis(tri-n-propylphosphine)diplatinum 
(111; R= p-C,H,OMe). The tetrachloro-compound (VI) (2-0 g.) in ethanol (100 c.c.) was 
treated at 15° with a solution of p-methoxythiophenol (0-328 g., 1 mol.) in ethanol (7.c.c.). The 
monothio-compound (1-37 g.) which had separated after 2 hr. was thrice recrystallised from 
ethyl methyl ketone (yield, 0-30 g.) (Found: C, 31-6; H, 5-2. C,;H,gOSCI,P,Pt, requires C, 
31-4; H, 5-2%). 
cis-PSP-cis-sym-pu-Chloro-y’-cyclohexylthio-dichlorobis(tri-n-propylphosphine)diplatinum (III; 
R = C,H,,) was prepared similarly, though the reaction was slower (80% yield; m. p. 237°) 
(Found: C, 31-1; H, 5-7. C,,H;,SCl,P,Pt, requires C, 30-9; H, 5-7%). 
cis-sym-Di-y-phenylthio-dichlorobis(tri-n-propylphosphine)diplatinum (II; ‘R= Ph). The 
monothio-compound (III; R = Ph) (1-5 g.) in chloroform (20 c.c.) was treated with thiophenol 
(0-164 c.c., 1 mol.) in alcohol. After 24 hr. at 5° the solvent was removed at 12 mm. and the 
residue, which sinters at 133° and then resolidifies, was quickly recrystallised four times from 
ethanol to give the pure cis-isomer * (0-48 g.) (Found: C, 36-0; H, 5-2%; M, ebullioscopically 
in 1-04% benzene solution, 972. C3 )H;,Cl,S,P,Pt, requires C, 36-0; H, 5-2%; M, 1000). 
cis-sym- Di-u-p-nitrophenylthio-dichlorobis(tri-n-propylphosphine)diplatinum (II; R= p- 
C,HyNO,). The monothio-compound (III; R = p-C,H,-NO,) (1 g.) in chloroform (10 c.c.) 
was treated with a solution of p-nitrothiophenol (0-160 g., 1 mol.) in chloroform (3 c.c.), and 
after 3 hr. at 5° the solvent was removed at 12mm. _ The residue, thrice crystallised from chloro- 
form (2-5 c.c.) by careful addition of ether (5 c.c.), and twice more by adding benzene (6 c.c.), 
afforded the pure product * (0-31 g.) (Found: C, 33-1; H, 4-7. Cy pH 5 Cl,O,S,N,P,Pt, requires 
C, 33:05; H, 4-6%). 
cis-sym-Di-y-p-methoxyphenylthio-dichlorobis(tri-n-propylphosphine)diplatinum (Il; R= p- 
C,H,yOMe). The monothio-compound (III; R = p-C,H,°OMe) (0-60 g.) in chloroform (7 c.c.) 
was treated at 20° with p-methoxythiophenol (0-940 g., 1 mol.) in alcohol (1-88 c.c.). After 
24 hr. at 5° the solvent was removed, and the residue, a mixture of cis- and trvans-isomers, was 
twice crystallised from chloroform (1 c.c.) by carefully adding ether (5c.c.). This gave clusters 
of pale yellow needles of the product (III; R = p-C,H,-OMe) together with a few yellow prisms 
of its ¢vans-isomer. Quick treatment with chloroform (1 c.c.) dissolved the needles, leaving the 
more bulky crystals of the ¢vans-isomer. The product was crystallised from the chloroform 
solution by addition of ether, and two more similar crystallisations gave the pure cis-zsomer * 
(0-05 g.) (Found: C, 36-0; H, 5-25. C,;.H;,0,S,Cl,P,Pt, requires C, 36-25; H, 5-3%). 
cis-sym - Di-u.-cyclohexylthio-dichlorobis(tri-n-propylphosphine)diplatinum (II; R = C,H,,). 
The trans-dithio-compound (I; R = C,H,,) (0-30 g.) was heated at 190° until the melt had 
completely resolidified (5 min.), and the resultant solid twice recrystallised from ethanol, giving 
the pure cis-isomer (0-13 g.) (Found: C, 35-8; H, 6.4%; M, in 0-72% benzene solution, 1018; 
in 0-91% solution, 970. C3 9H,,Cl,S,P,Pt, requires C, 35-6; H, 6-4%; M, 1012). 
trans-Di-u-phenylthio-dichlorobis(tri-n-propylphosphine)diplatinum (I; R = Ph). The tetra- 
chloro-compound (VI) (2 g.) in alcohol (100 c.c.) was treated with a solution of sodium (0-108 g., 
2 atom-equiv.) and thiophenol (0-516 g., 2 mol.) in alcohol (15 c.c.). After 19 hr. at 20°, the 
mixture was evaporated to 30 c.c., and the product (2-1 g.; m. p. 164°) filtered off. It was 
washed with water, and recrystallised four times from ethyl methyl ketone, giving lemon-yellow 
crystals of the pure trans-isomer (0-37 g.) (Found: C, 35-9; H, 5-35; S, 635%; M, ebullio- 
scopically in 1-2% benzene solution, 1075; in 2-4% solution, 1054. C3,H;,Cl,S,P,Pt, requires 
C, 36-0; H, 5-2; S, 6-4%; M, 1000). 
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trans- Di-u-p-methoxyphenylthio -dichlorobis(tri-n-propylphosphine)diplatinum (I; R = p- 
C,H,°OMe) was prepared similarly, but without the use of sodium (yield 30%) (Found: C, 36-4; 
H, 53%; M, ebullioscopically in 1:1% benzene solution, 1072; in 2-6% solution, 1058. 
C3.H;,0,S,Cl,P,Pt, requires C, 36-25; H, 53%; M, 1060). 

trans - Di-u- p-nitrophenylthiodichlorobis(tri-n-propylphosphine)diplatinum (I; R=p- 
C,H,'NO,). The tetrachloro-compound (VI) (1-25 g.) in alcohol (50 c.c.) was treated with a 
solution of p-nitrothiophenol (0-454 g., 2 mol.) in alcohol (25 c.c.), and a sticky yellow precipitate, 
which became granular after the reaction mixture had been shaken for 90 min., separated. This 
was collected (1-02 g.; m. p. 173—176°) and recrystallised from alcohol to give the pure 
compound (0-55 g.) (Found: C, 33-1; H, 4:7; N, 2-7%; M, ebullioscopically in 1-6% benzene 
solution, 1082; in 2-4% solution, 1061. C39H;9O,N,C1,S,P,Pt, requires C, 33-05; H, 4-6; N, 
26%; M, 1090). 

trans-Di-y-cyclohexylthio-dichlorobis(tri-n-propylphosphine)diplatinum (I; R = C,H,,). The 
tetrachloro-compound (VI) (1-10 g.) in acetone (30 c.c.) was treated with cyclohexanethiol 
(0-60 g.,4mol.). After 16 hr., the solvent was removed at 12 mm., and the residue recrystallised 
four times from methanol, to give the pure trans-isomer (0-20 g.) (Found: C, 35-8; H, 6-3; S, 
5-7. CypH,,Cl,S,P.Pt, requires C, 35-6; H, 6-4; S, 6-05%). 

cis- P(SEt) P-cis-sym -u- Ethylthio-p’-phenylthio-dichlorobis(tri-n-propylphosphine)diplatinum 
(VII; R= Ph). The monothio-compound (III; R = Et) (2-0 g.) in chloroform (50 c.c.) was 
treated with a solution of thiophenol (0-250 g., 1 mol.) in ethanol (5c.c.). After 24 hr. at 20°, 
the solvent was removed at 12 mm.,and theresidue recrystallised twice from ethyl methyl ketone, 
to give the pure dithio-compound (0-44 g.) (Found: C, 32-8; H, 5-5%; M, in 1-11% benzene 
solution, 938; in 1-07% solution, 901. C,,H,.S,Cl,P,Pt, requires C, 32-8; H, 5-5%; M, 952). 

cis- P(SEt)P-cis-sym-p-Ethylthio-’ -p-nitrophenylthio-dichlorobis(tri-n-propylphosphine)di- 
platinum (VII; R = p-C,H,°NO,) was prepared similarly in 53% yield (Found: C, 31-5; H, 
5-2%; M, in 0-68% benzene solution, 960; in 0-54% solution, 975. C,,H;,O,NS,Cl,P,Pt, 
requires C, 31-3; H, 5-2%; M, 997). 

cis-P(SPh) P-cis-sym-y-Ethylthio-w’ - phenylthio -dichlorobis(tri-n-propylphosphine)diplatinum 
(VIIL; R = Ph) was prepared similarly from (III; R = Ph) and ethanethiol (yield 20%) and 
recrystallised from methanol (Found: C, 32-9; H, 5-4. C.gH,;.S,Cl,P,Pt, requires C, 32-8; H, 
55%). 

cis-sym-Di-y-ethylthio-diethylthiobis(tri-n-propylphosphine)diplatinum (V). The cis-dithio- 
compound (II; R = Et) (2-5 g.) in ether (250 c.c.) was treated at —10° with a solution of 
sodium (0-127 g., 2 atom-equiv.) and ethanethiol (0-408 c.c., 2 mol.) in alcohol (10 c.c.). After 
44 hr. at 5°, the mixture had deposited a lemon-yellow mixture, m. p. ca. 145°, of the two 
isomers. This was dissolved in light petroleum (b. p. 60—80°; 40 c.c.) and filtered; on slow 
spontaneous evaporation, the product separated as yellow plates (2-38 g.) which were recrystal- 
lised eleven times from methanol (yield, 0-24 g.) (Found: C, 32-75; H, 66%; M, 
ebullioscopically in 2-3% benzene solution, 883; in 4.7% solution, 937. C.gH¢.5,P,Pt, requires 
C, 32-7; H, 6-5%; M, 955). 

trans-sym-Di-y-(ethylthio)-diethylthiobis(tri-n-propylphosphine)diplatinum (IV). The trans- 
dithio-compound (I; R = Et) (1-5 g.) in alcohol (300 c.c.) was treated at 15° with a solution of 
sodium (0-0763 g., 2 atom-equiv.) and ethanethiol (0-206 g., 2 mol.) in alcohol (10 c.c.) and kept 
for 66 hr. The mixture was then evaporated at 12 mm. to 50 c.c., and the product obtained as 
prisms (0-95 g.) which were washed with water and twice recrystallised from ethanol (Found: 
C, 33-0; H, 6-6%; M, ebullioscopically in 3-1% benzene solution, 927; in 4-5% solution, 902. 
CygHg.5,P,Pt, requires C, 32-7; H, 6-5%; M, 955). 

Dipole Moments.—These were measured and calculated as in previous work, but a platinum- 
plated glass cell was used with a liquid capacity of about 8 c.c. An allowance of 10% of the 
electron polarisation, ,P, was made for the atom polarisation. All measurements refer to 
benzene solutions at 25°. 

Determinations of Equilibrium between cis- and trans-Isomers.—Method (a). A known 
weight (ca. 30 mg.) of a pure isomer was dissolved in a weighed amount (8—9 g.) of carefully 
dried benzene and isomerised by addition of about 0-3 mg. of dibutylphenylphosphine. After 
the isomers had come to equilibrium at 25°, the dielectric constant of the solution was 
determined. The percentage of cis- and trans-isomers present was then calculated from 
dielectric constants of similar solutions of the pure cis- and trans-isomers, as described by Chatt 
and Wilkins. 
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Method (b). A known weight (ca. 30 mg.) of the compound, dissolved in a weighed amount 
(9—10 c.c.) of carefully dried pure benzene, was heated at 60° until equilibrium between the 
isomers was attained (the period required was determined by trial experiments). The 
dielectric constant of the solution was then found, and the equilibrium position calculated as 
above. 

To show that the reaction studied was isomerisation, and not, e.g., disproportionation, 
equilibrium solutions were evaporated to dryness at 12 mm. after the measurements (and after 
adding a trace of [Pt,Cl,(Pr",P),] to remove the PBu",Ph from those solutions containing it). 
The residue, when it consisted almost entirely of one isomer, was identified by mixed m..p. and, 
when it was a mixture, from its infrared spectrum. It was not possible to confirm the identity 
of the minor component of the mixture except in the case of [Pt,Cl,(S°C,H,,),(PPr").]. 


We thank Mr. D. T. Rosevear for experimental assistance, Miss I. Bates for some of the 
dielectric-constant determinations, and Dr. D. M. Adams for the infrared spectra. 


AKERS RESEARCH LABORATORIES, IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
THE FRYTHE, WELWYN, HERTS. (Received, January \st, 1960.] 





569. Metal Dithizone Complexes of Mercury and Cobalt. 
By J. F. DuNcAN and F. G. THomas. 


The complex of dithizone formed with cobalt in the presence of air was 
found to contain three dithizone residues to one cobalt atom. Investigation 
of the stoicheiometry by direct titration and analysis, Job’s method, magnetic 
moment, and infrared absorption shows that cobalt(11) is present. In the 
dithizone complexes of mercury, copper, and cobalt(111) there is very little 
hydrogen bonding in carbon tetrachloride solution. 


WHILE studying the use of dithizone as an analytical reagent Duncan and Thomas ! found 
that cobalt was extracted into carbon tetrachloride with three dithizone residues per 
cobalt atom, in contrast to previously reported values of two.2* It was also observed 
that the mercury and copper complexes with dithizone were more stable than was expected 
when compared with those of the other bivalent metals. This paper reports work 
on the structure and stabilities of these compounds. 


EXPERIMENTAL 


Purity of Reagents.—Owing to the ease with which dithizone forms complexes with traces of 
many metal cations, solvents and reagents had to be carefully purified when used in more than 
traces. Carbon tetrachloride (‘‘ AnalaR ”’) was first shaken with concentrated sulphuric acid 
and then refluxed over and distilled fromlime. Water, distilled once from alkaline 0-05% perman- 
ganate solution containing 0-1% of sodium hydroxide, was redistilled in all-Pyrex glass apparatus, 
and stored in a clean Jena-glass bottle fitted with Pyrex delivery tubes. The “‘ AnalaR ”’ acids 
gave negative tests with dithizone under experimental conditions. Before use, ‘“‘ AnalaR ” 
nitric acid was boiled to remove nitrous acid. 

Dithizone (diphenylthiocarbazone, C,,H,,N,S, designated here as H,Dz) was purified as 
described by Welcher,® but instead of the purified dithizone being isolated as a solid it was 
precipitated from ammoniacal solution with hydrochloric acid in the presence of carbon tetra- 
chloride, in which it immediately dissolved. The resulting solution (~10°m), which was 
stored under 1% aqueous sulphur dioxide in a cool darkened cupboard, was diluted as required. 
Dithizone solutions were standardized regularly with ‘“‘ AnalaR’’ lead or silver solutions.* 
Buffer solutions were treated before use with dithizone to remove interfering cations. 


1 Duncan and Thomas, J. Inorg. Nuclear Chem., 1957, 4, 376. 

2 Fischer, Angew. Chem., 1937, 50, 919. 

3 Pilipenko, Zhur. analit. Khim., 1953, 8, 286. 

* Miyakawa and Uemura, Bull. Chem. Soc. Japan, 1951, 24, 25. 

5 Welcher, “‘ Organic Analytical Reagents,’’ Van Nostrand, New York, 1948, Vol. III, p. 466. 
® Welcher, op. cit., pp. 506, 519. 
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Cobaltous solutions were prepared from “‘ AnalaR”’ cobalt sulphate heptahydrate (Found: 
Co, 21-05. Calc.: 20-97% 7); copper solutions from ‘‘ AnalaR ” copper sulphate pentahydrate, 
and mercuric solutions by dissolving ‘‘ AnalaR ’’ mercuric oxide in “‘ AnalaR ”’ nitric acid. 

Radio-tracer Solutions.—(i) *°**Hg(NO,),. Neutron-irradiated mercuric oxide (0-1081 g.; 
from A.E.R.E., Harwell) was dissolved in ‘‘ AnalaR ”’ nitric acid and diluted to 50 ml. This 
solution was then diluted 500-fold with dilute nitric acid to give a solution containing 4 yg. of 
Hg?* per ml. (2 x 10m) and m/10 with respect to nitric acid. (ii) **Co(NO,),. Irradiated cobalt 
metal (4-0, mg.) was dissolved in 0-5 ml. of ‘“‘ AnalaR ” concentrated nitric acid and diluted to 
100 ml. with water. The resulting solution had a pH of 2 and contained 40 yg. of cobalt per ml. 
(6-8 x 10m). By Feather’s* and Bleuler and Ziinti’s ® methods these two isotopes were 
found to be radiochemically pure. 

Storage.—Solutions were stored in glassware treated with ‘‘ Desicote ” to prevent exchange 
of cations between the glass and the solution. Glass taps and joints were greased (where 
necessary) with B.D.H. rubber and paraffin lubricant. This grease was found to give a negligible 
reaction with dithizone (50 mg. of grease contained metal cations equivalent to <0-1 ml. of 
10°m-dithizone solution). 

Partition Coefficients.—The partition coefficients of mercury and cobalt dithizone complexes 
between water and carbon tetrachloride (Pyqqpz), = [M(HDz)n]Joci,/[M(HDz)nJu,0) were deter- 
mined by a method similar to that used by Geiger and Sandell !° for the copper dithizone complex, 
except that a radiochemical instead of a spectroscopic method was used to estimate the concen- 
trations of the complex in the two phases. 

The partition coefficient of the mercury dithizone complex was determined by vigorously 
shaking 25 ml. of a carbon tetrachloride solution of dithizone (0-98 x 10m) for 60—75 min. in 
a 1-1. stoppered flask with 800 ml. of a solution containing excess of mercury [(1-68—2-50) x 
10°m)], labelled with °Hg. The acidity and ionic strength of the solution were adjusted 
within the range 0-05—1-0m with hydrochloric acid and sodium chloride respectively. The two 
phases were carefully separated, and the activity of 5 ml. of the carbon tetrachloride phase was 
measured in a liquid Geiger—Miiller counter, type D.M.6; 500 ml. of the aqueous phase were 
shaken with a further 5 ml. of carbon tetrachloride, and after separation the activity of the 
organic phase was measured as above. These determinations were carried out at 24° and 
348°. The activities of the two carbon tetrachloride solutions were used for calculation of the 
partition coefficient of the mercury dithizone complex at the two temperatures. In the case 
of the cobalt dithizone complex the pH of the aqueous solution was varied between 5-54 and 
7:81 by using sodium acetate-acetic acid and ammonia—ammonium chloride buffers. The 
determinations were carried out at 15-5°, 25-0°, and 34-8° with cobalt concentrations of (1-13— 
2-55) x 10°m and a dithizone concentration of 0-93 x 10%m. The partition coefficient was 
determined as for the mercury dithizone complex. 

Equilibrium Constants.—The equilibrium constants of the mercury and cobalt dithizone 
complexes, Kyypz),» Were calculated from the variation of the distribution ratio, g, with acidity 
at constant added metal ion and dithizone concentrations, where 


q = [Total MJoq,/[Total M]z,0 + - - - s+ (I) 


In the case of the mercury dithizone complex, 15 ml. of a carbon tetrachloride solution of 
dithizone (~3 x 10°m) were shaken for 3 min. at 25° with 20 ml. of a mercury solution 
(~1 x 10m), labelled with ***Hg, at various acidities (0-05—3-0m with respect to hydro- 
chloric acid). Trial runs showed that equilibrium was established in less than 1 min. Samples 
(1 ml.) of each phase were evaporated to dryness and their activities were measured with an 
end-window Geiger—Miiller tube. These activities were used to calculate values of g at the 
various acidities. As these samples were “‘ weightless ’’’ no correction for the self-absorption 
of the weak 8 particles of ?*Hg was necessary. For the cobalt dithizone complex the volumes 
of both phases were 15 ml. The aqueous phase was ~1 x 10m with respect to Co?*, labelled 
with ®Co, and buffered with sodium acetate-acetic acid mixtures in the pH range 3-7—7-0. 
The total ionic concentration was kept in the range 0-005—0-15m, and the dithizone concen- 
tration in the range (2-9—4-2)-x 10°m. Trial runs showed that for a given set of conditions 
constant values of g were obtained after shaking for 2—5 min., depending on the pH. Asa 


7 Vogel, ‘‘ Quantitative Inorganic Analysis,” Longmans, Green & Co., London, 1948, p. 549. 
8 Feather, Proc. Camb. Phil. Soc., 1938, 34, 599. 
® Bleuler and Ziinti, Helv. Phys. Acta, 1946, 19, 375. 
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routine the system was shaken for 12 min. at 25° and g was determined from the activity of 0-5 
ml. aliquot parts of each phase evaporated to dryness. 

Determination of the Cobalt to Dithizone Ratio in the Cobalt Dithizone Complex.—Evidence on 
the stoicheiometry of this complex was obtained by use of the following procedures: 

(i) Analysis. Several samples of the cobalt dithizone complex were prepared by shaking, 
for 45—60 min., 1 1. of a 10°°m-solution of dithizone in carbon tetrachloride with 250 ml. 
of a 4 x 10m-aqueous solution of cobalt sulphate, buffered to pH 6-7 with sodium acetate. 
The organic layer was separated and filtered, and the bulk of the solvent distilled off under 
reduced pressure (at 35—40°). The precipitated cobalt dithizone complex was filtered-off from 
the liquor and dried at 50° under reduced pressure (5—10 mm.). (This complex is unstable in 
many solvents and also to mild heating. In the only solvent found suitable, carbon tetra- 
chloride, its solubility relationships in the range 0—50° are unfavourable for recrystallisation.) 
Analyses for hydrogen, carbon, sulphur, and cobalt were performed by Dr. W. Zimmerman 
of the C.S.I.R.O. Micro-analytical Laboratory. 

(ii) Divect titration of cobalt with dithizone. ‘This was carried out as previously described. 

(iii) Modified Job’s method. The modifications of Job’s method for determining the ligand 
to cation ratio in complexes as given by (a) Pilipenko * and (b) Miyakawa and Uemura * were 
repeated. In method (a) the cobalt and dithizone solutions (both 5-58 x 105m) were mixed in 
varying proportions to give a total volume of 10 ml. The cobalt solution was adjusted to pH 
6-9 with sodium acetate before the mixing. After 15 minutes’ shaking, the two phases were 
allowed to separate, an aliquot part of the carbon tetrachloride layer, equal to half the original 
volume of dithizone, was taken and diluted to 5-0 ml. with carbon tetrachloride, and the 
optical density measured at 5100, 5500, and 6200 A with a Hilger ultraviolet spectrophoto- 
meter. Method (b) was performed at pH 6-0 and 7-1 with a cobalt concentration of 2-69 x 10m 
and a dithizone concentration of 4-20 x 10m and at pH 6-9 with both cobalt and dithizone 
concentrations of 5-58 x 10%m. The titration was followed at 6200 and 5100 A. After 
addition of each aliquot part of cobalt solution, the mjxture was shaken for 10—15 min. 

(iv) Variation of q with pH at constant dithizone concentration. With an initial cobalt 
concentration of 1-12 x 10m, the dithizone concentration was held constant at the various 
values of pH by using a large excess of dithizone (15 ml. of 8-80 x 10m). The method 
described above for the determination of g for the cobalt dithizone system was repeated at 
25°, sodium acetate—acetic acid and acetic acid—hydrochloric acid mixtures being used to 
control the pH. 

(v) Variation of q with dithizone concentration at constant pH. Method (iv) was repeated 
at 25° with the aqueous phase kept at pH 4-27 +. 0-02 by a sodium acetate—acetic acid buffer. 
The dithizone concentration was varied between 8-5 x 10 and 6-2 x 10m and the cobalt 
concentration was 1:12 x 10m. 

(vi) Magnetochemical evidence. Solid cobalt dithizone complex (50-89 mg.) was suspended 
on the beam of a conventional magnetobalance, with a field strength of about 10,000 gauss, and 
the magnetic moment determined by comparison with ‘‘AnalaR”’ nickel chloride as standard. 
The value of the moment obtained was 0-10 + 0-15 Bohr magneton. 

(vi) Infrared spectra of metal dithizone complexes. The infrared absorption due to the N-H 
stretching frequency was examined in a single-beam, double-pass Perkin-Elmer Model 112 
recording infrared spectrophotometer with a 1 cm. cell to contain a saturated solution of the 
dithizone complex in dry carbon tetrachloride. The two copper complexes of dithizone were 
prepared by Geiger and Sandell’s method,'® solutions adjusted to pH 7-0 (for CuDz) and to pH 
2-0 [for Cu(HDz),] being used. The mercury complex was prepared by an analogous method 
with the aqueous solution adjusted to a pH of 1-0. 


RESULTS AND DISCUSSION 
Mercury Dithizone Complex.—(i) Partition coefficient. A direct extractive titration of 
mercury with dithizone confirmed that in acid solution (>M/50) two dithizone molecules 
react with one mercuric ion to form the mercury dithizone complex. The partition 
coefficient of this complex is given by 
Puen, = [Hg(HDz).),/[Hg(HDz)o), - - - - + (2) 


1© Geiger and Sandell, Analyt. Chim. Acta, 1953, 8, 197. 
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where the bar refers to the organic phase, and the subscript 1 refers to the first equilibration. 
After removal of the organic phase, the aqueous solution is again shaken with fresh solvent, 


and hence we have: 
Hg(HDz),} \ v 
P .- {a > ar Serer 
oe \tHig(HDay}, J % - 
where v, and % are the volumes of the aqueous and the organic phase, respectively, used 
in the second equilibration. Now [Hg(HDz),], and [Hg(HDz),],, the concentrations of 


the mercury dithizone complex in the organic phases in the two equilibrations, are 
proportional to the specific activities of the respective organic layers, 1.¢., 


p __ JActivity of 5 ml. of organic phase after Ist equil. | |v» (4) 
Hg(HD2) ~~ | Activity of 5 ml. of organic phase after 2nd equil. Vg 
where v, = 500 ml. and 7; = 5 ml. for our conditions. 


TABLE 1. Partition coefficients of mercury dithizone complex between water and carbon 


tetrachloride. 
Initial Activity of 5 ml. of organic phase 

(H*] Ionic (Hg** Gonnmyaemny Pagupa, 

7 (mM) strength (m x 105) Ist extraction 2nd extraction (x 10%) 
24-0° 1-0 1-0 1-88 3328 + 26* 93-1 + 5-0 3-47 
24-0 0-1 1-0 1-68 4005 + 30 105-0 + 5-9 3-71 
24-0 0-05 1-0 1-68 3984 +. 30 106-3 + 5-9 3°64 
24-0 0-5 0-5 1-88 3480 + 28 95-0 + 7-9 3-56 
23-9 0-5 0-5 2-50 2273 + 26 63-5 + 4-6 3-48 
23-9 0-05 0-1 1-88 3397 + 27 94-2 + 5-1 3-51 
34:8 0-5 1-0 2-50 2016 + 41 51-3 + 4-0 3°83 
34:8 0-1 0-5 1-88 3357 + 26 90-2 + 49 3-62 


* All limits quoted in this paper are standard deviations. 


The values of Py.arp,, calculated by using this equation are given in Table 1, from 
which the mean value Pyyarp,), at 24-0° + 0-1° is 3-56 x 10° with a standard deviation 
of 0-05 x 108. The mean of two determinations of Py,arp,), at 348° was 3-73 x 103, but 
it is doubtful if the difference from the value at 24° is significant. 

(ii) Stability constant. A typical curve showing the variation of the percentage 
extraction of mercury by the organic phase, with the acidity of the aqueous phase is given 
in Fig. 1(A). As these extractions were performed from aqueous solutions containing 
chloride ion, the following equilibria must be considered: 


{HgCl,}@-* == {HgChy_n}@-* + Cl- 
where n = 1, 2, 3, or 4. 
aigchiias Pa Ka 
H,Dz => H_ Dz == HDz~ + _ Ht 


Kug(HD2)s Pug(HD2)s 
— 


Hg(HDz), Hg(HDz), 


Since [Hg(HDz),] is negligible the total concentration of mercury in the aqueous phase, 
Cyg, is given by: 








Hg? + 2HDz- 








Cu = Hei] S xccr yp} me Gunma ae ae aaah ae 
where K, = [{HgCl,}@-*]/[Hg2*](Cl-} 
Now Kayne, = (Hg(HDz),)/[He*[HDz-"? 5...) 


TeMDA, AY SKC}, . : 
Ee (HyDz)*CusPuanKe “ 
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where P, = [H,Dz}/[H,Dz] and K, = [H*][HDz~}/[H,Dz] are the partition coefficient 
and the acidity constant of dithizone, respectively. Using equation (7), the values of 
K,, given by Lindgren e¢ al." and the data of Fig. 1(A) (for which the initial dithizone 
and total mercury concentrations were 2-75 x 10m and 1-0 x 10m, respectively), we 
calculated the value of Kygarp,), as Shown in Table 2. This gave a mean value for 10 
determinations, with hydrochloric acid concentrations in the range 0-64—2-69m, of 2-1 x 
10 with a standard deviation of 0-96 x 10“. This should be compared with the value of 
4-0 x 10 calculated from Pilipenko’s value ® for the product Puecaps),Kugarp,), (obtained 
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by spectroscopic methods) and from our value of Pugain,- The value of AG° at 25° for 


the reaction 
Hg?* (aq) + 2HDz~(aq) == Hg(HDz) xan) 


was calculated to be —55-4 kcal./mole. 


TABLE 2. Stability constant of mercury dithizone complex. 





4 4 
ae SIC ) K,[Cl-}* 
[H*) (Hy PX) (Ht) py el) 
(m) q (um x 10°) x10 Kx 10° (m) q (m x 105) x10°5 Kx 10° 
2-99 0-044, 2-66, 99-3, 0-78 1-52 201, 1-14, 6-86, 3-43 
2-69 0-148, 2-48, 65-2, 1-61 1-22, 2-86 0-93, 2-93, 2-04 
2-40 0-222, 2-27, 41-5, 1-87 0-930 6-63 0-53, 1-00, 2-89 
2:10 0-712 1-82, 24-5, 3-28 0-637 12-72 0-336 0-235, 1-53 
1-81 1-102 1-54, 13-6, 2-92 0-207 249-, 0-099 0-0035 0-54 


Note: [Cl-] = [H*]. 


Cobalt Dithizone Complex.—(i) Value of n in Co(HDz),. Although previous workers 24 
have reported a value of 2 for m, the evidence itemised below leads to the conclusion that 
n = 3. 

(a) Direct titration. From 45 titrations of 0-2—43-0 ug. of cobalt(11) with dithizone, five 
were rejected because of errors known to be introduced by impurities. The remainder 
led to a value of 2-99 + 0-02 for the dithizone to cobalt ratio in the complex (see Table 3). 

(6) Stability constant. Values of the stability constant of the cobalt dithizone 
complex, Keoarp,),» Were calculated from extraction curves, such as shown in Fig. 1(B), 
on the assumption that the complex formed was Co(HDz),. These values were found 


to vary linearly with both pH and log [H,Dz] (see Table 4) and the slopes of the plots of 
log Keoarp,), against pH and log Keoqrp,), against log [H,Dz] were found to be always 
between 0-7 and 0-8 and between 1-9 and 2-2, respectively. 

(c) Job’s method. By Pilipenko’s procedure * the results shown in Fig. 2 were obtained, 
giving a dithizone to cobalt ratio of 3-05 at the breaks in the curves. This is the mean of 
six determinations obtained in two runs, each followed at three different wavelengths. 





11 Lindgren, Jonsson, and Sillén, Acta Chem. Scand., 1947, 1, 479. 
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Pilipenko obtained a value of 2-0 for this ratio. However, it appears that under certain 
conditions (see below) it may be possible to obtain a 2:1 complex, Co(HDz),, and as 
Pilipenko has not stated the pH at which he worked, the wavelength used for the optica 
density measurements, or whether or not oxygen had been excluded from the system, it 
is probable that his results are valid for different conditions from ours. It should also be 


TABLE 3. Titration of cobalt(t1) with dithizone 








Cobalt Cobalt 

{[H,Dz] added Titre Ratio No. of [H,Dz] added Titre Ratio No. of 
pH (mM x 105) (yg.) (ml.) H,Dz: Co dtmtns. pH (m x 105)  (ug.) (ml.) H,Dz: Co dtmtns. 
6-4 5-11 43-0 41-2, 2-89 1 6-7 4-42 4:00 4°55 2-96 1 
6-2 5-11 17-9 17-0; 2-87 1 6-6 3-62 3-59 5-08 3-02 1 
6-8 3-62 10-4, 14-9, 3-06 1 6-6 4:12 3°59 4:48 3-03 1 
6-4 4-42 10:2, 11-4, 2-94 1 6-7 1-92 2-00 5-35 3-03 4 
6-2 3-62 9-95 13-7,*  2-96* 2* 6-7 2-30 2-00 4-46 3-02 2 
6-9 5-11 9-95 9-81 2-98 2 6-7 2-84 2-00 3-59 3-01 4 
6-8 2-84 9-89 17-6, 2-99 6 6:8 1-92 1-20 3-24, 3-06 1 
6-7 4:42 9-89 11-3, 2-98 4 6-7 1-92 1-00 2-67, 3-03 3 
6-2 5-11 5-98 5-83 2-94 1 6-8 1-92 0-80 2-09, 3-02 1 
6-8 3-62 5-18 7-08 2-92 1 6-8 1-92 0-50 1-55, 3-53 3t 
6-8 4:12 5-18 6-28 2-95 2 6-9 1-92 0-20 0-63, 3-59 3t 


* Where more than one determination was carried out under the same conditions the titres and 
ratios given are mean values. 


+ Rejected because sigmoid titration curves were obtained which showed impurities to be present. 


TABLE 4. Variation of the apparent equilibrium constant for Co(HDz), with pH and 
with log [H,Dz]. 





Keonp2) 


paar 2 
pH q log [H,Dz} (x 10718) log Keocrp:), Kk’ x 1074 
4-04 0-351 — 4-46 12-42 14-09 2-50 
4-30 0-662 —4-55 8-38 13-92 2-42 
4-52 0-866 — 4-58 4-03 13-61 1-61 
4-74 1-417 — 4-66 2-86 13-46 1-64 
4-95 2-218 —4-73 2-01 13-30 1-60 
5-16 3-32 — 4-80. 1-30 13-11 1-53 
5-56 10-02 —4-95 0-838 12-92 1-92 
6-27 112-8 — 5-08 0-433 12-64 2-02 
6-81 1025 —5-10 0-326 12-51 1-75 


Mean value of K’ = 1-89 x 10% with standard deviation of 0-32 x 10*4. 


noted that Pilipenko did not give any experimental points between the volume ratios 
6-7 : 3-3 (2: 1) and 8-0: 2-0 (4: 1). 

By using Miyakawa and Uemura’s procedure,‘ the results shown in Fig. 3 were obtained 
spectroscopically, giving a dithizone to cobalt ratio of 2-83 (average of six determinations). 
Following the titration radiochemically at pH 6-6 led to a dithizone to cobalt ratio of 
2-94. These values should be compared with the value of 2-0 given by Miyakawa and 
Uemura. 

(d) Absorption spectrum. The absorption spectrum of a carbon tetrachloride solution 
of the complex [assayed to be Co(HDz),.9, radiochemically] is shown in Fig. 4. This does 
not appear to contain any absorption bands due to free dithizone, and differs little in 
shape from other published absorption spectra for the cobalt dithizone complex. The 
difference in the calculated molar extinction coefficient arises because we have based our 
figures on Co(HDz)3, whereas others have used Co(HDz),. The similarity of our spectrum 
to those of earlier workers does not necessarily mean that the complexes previously studied 
have been the same as our €o(HDz),, although it is suggestive. 

(ec) Analysis. The results of analysis of two different samples, prepared independently, 
are shown in Table 5. They show that the specimens cannot be Co(HDz),, and agreement 
with the theoretical figures for Co(HDz), is reasonable. It is therefore fair to conclude 
that, whereas there may be some cobalt(II) impurity present in the prepared complexes, 
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there is no doubt that the compound is substantially cobalt(111). This is confirmed by 
the magnetochemical evidence. 

(f) Magnetochemical evidence. Since cobalt(I1) complexes are expected to have one 
unpaired d electron present, they should be paramagnetic. In fact, the prepared cobalt 
dithizone complex was found to have an almost zero (0-10 + 0-15 Bohr magneton) 
paramagnetic moment. This should be compared with the very small diamagnetic moment 
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expected for cobalt(i1) complexes and the 1-73 Bohr magneton paramagnetic moment 
expected for cobalt(11) complexes. Again, one must come to the same conclusion as in 
the preceding paragraph. 


TABLE 5. Analyses of cobalt dithizone complexes (°%, by wt.). 


Calc. for Found 
Co(HDz), Co(HDz), Sample 1 Sample 2 
© cesesectocesscenersssisecsenes 54-82 56-78 55-29 57-22 
BD nc cacccrcrndcscessvonnsbihase 3-89 4-03 4-62 4-21 
GD. cbessrecmscccvocessnicedecs 10-35 715 6-5,* 6-4 ° 6-4,° 
D sciceccisssenissesvessvesnscce 11-26 11-66 10-96 _ 


* Gravimetrically from the residue left after analysis for carbon, hydrogen, and sulphur. ° By 
electrodeposition from a separate portion of the sample. 

(g) Evidence for Co(HDz),. Despite all the above evidence for a 3: 1 complex, there 
were two sets of results which apparently supported the formation of a 2:1 complex. 
These were that (A) the plot of log g against —log [H,Dz] (pL) at constant pH [Fig. 5(A)] 
was a straight line of slope —1-90, and (B) the plot of log g against pH at constant [H,Dz] 
was a straight line of slope 1-96 [Fig. 5(B)). 
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According to Irving et al." the values of the slopes of these plots are identical with the 
value of , provided complicating side reactions do not occur. Observation (B) does not 
necessarily require a 2:1 complex. In the formation of Co(HDz),, Co(HDz),,H,Dz, and 
Co(HDz), only two hydrogen ions are produced (see below) and hence the log g—pH plot 


$0fF 


Fic.4. Absorption spectra of (A) dithizone 
and (B) the cobalt dithizone complex. 
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does not indicate whether 2 or 3 dithizone molecules react with each Co** ion. However, 
plot (A) can only support the formation of a 2: 1 complex unless the activity coefficients 
of cobalt in the two phases vary significantly throughout the course of the extraction. 


It should be noted, however, that in (A) the ratio of [Co(HDz),] to [H,Dz] was at least 
1:35. It appears that this large excess of dithizone (which is a reducing agent) can 
prevent the oxidation of cobalt in the complex to the tervalent state. From the data of 
Fig. 5(A), a value of Kooarp,), Was calculated, by use of a similar relation to equation (6), 
to be 2-6 x 10%. This agrees with Pilipenko’s value* of Kooarp,),Pcoarp,), = 2 X 10% 
4.¢., Kooarp,), = 2 X 10%. 

(ii) Partition coefficient. The results obtained from partition measurements are given 
in Table 6. The partition coefficient of the cobalt dithizone complex was calculated by 
use of an equation analogous to equation (4). The mean values at 15°, 25°, and 34-8° are 
respectively 0-84 x 104, 1-07 x 104, and 0-97 x 10‘, but the differences are not significant. 
A value of 1-0 x 104 has been used in all subsequent calculations in the temperature 
range 15—35°. The ionic strength was kept in the range 0-003—0-03 in all determinations. 

(iii) Stability constant. When calculating the stability constant of the cobalt dithizone 
complex it was assumed that only two hydrogen ions were liberated during the formation 
of a3:1 complex. This is supported by the results of several extraction runs done in the 


12 Irving, Rossotti, and Williams, J., 1955, 1906. 
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TABLE 6. Partition coefficients of the cobalt dithizone complex between water 
and carbon tetrachloride. 


Initial Activity of 5 ml. of organic phase 


[Co**] (counte/mia.) Proownp2)s 

T pH (m x 105) Ist extraction 2nd extraction (x 10°) 
25-0° 5-54 * 1-76 12,330 + 71 78-6 + 5-5 15-78 
25-0 6-51 ¢ 1:76 12,290 + 71 79-7 + 5-5 15-30 
25-0 6-56 + 1-13 17,650 + 102 234-0 + 8-2 7-43 
25-0 6-60 ¢ 1-82 11,110 + 84 104-6 + 6-0 10-53 
25-0 7-04 ¢ 2-55 4690 + 49 46-4 + 2-8 10-01 
25-0 7-65 ¢ 2-55 4790 + 48 59-5 + 8-1 7-94 
25-0 7:80 t 1-76 11,860 + 69 164-0 + 8-8 7-58 
15-5 6-81 ¢ 1-76 13,290 + 77 187-0 + 6-1 7-00 
15-5 6-90 + 1-82 10,930 + 83 128-0 + 5-9 8-44 
15-5 7-61 ¢ 1-76 13,420 + 78 137-0 + 6-0 9-69 
34-8 7-65 t 1-76 12,650 + 73 153-0 + 6-0 8-17 
34-8 7-81} 1-76 13,610 + 79 121-0 + 5-9 11-15 


Buffers: Ammonium chloride (*), sodium acetate (¢), and ammonium chloride-ammonia (f). 


presence of a slight excess of dithizone [Fig. 1(B)]. The experimental points can be 
represented by an equation of the form 


log g = Const. + 2pH + (3-0, + 0-2) log [H,Dz] ‘~ +e 
The above results are satisfied by any of the following reactions (all in the presence of 
H,Dz == H,Dz == H* + HDz>): 
(a) No oxidation: 
Co** + 2HDz~ + H,Dz == Co(HDz),,H,Dz == Co(HDz),,H,Dz . (9a) 
Co®+ + 2HDz~ == Co(HDz), == Co(HDz),; 
Co(HDz), +°H,Dz == Co(HDz),,H,Dz (9b) 
(b) Reaction accompanied by oxidation: 
Co*+ + 2HDz~ + H,Dz + }0, == Co(HDz), + $H,O; 
Co(HDz), == Co(HDz), (9) 


Asin (9a) then  Co(HDz),,H,Dz + }0,—=Co(HDz),,+}3H,O . . . . (9d) 


Co?* + 2HDz~ == Co(HDz), === Co(HDz),; 
Co(HDz), + H,Dz + }0, == Co(HDz), + 4H,O (9e) 


Of the five reactions postulated, it appears that one of the three involving the oxidation 
of cobalt(11) to cobalt(11) in the complex is to be favoured because: (i) most complexes of 
cobalt(11) are rapidly oxidized to the corresponding cobalt(111) complex, even in macro- 
concentrations, e.g., West }8 found it necessary to use nitrogen atmospheres when studying 
the exchange of Co?* with NN’-disalicylidene-ethylenediaminecobalt(11) as this, and 
similar compounds,"* rapidly absorb oxygen from the air to form a cobalt(11) complex; 
(ii) the rate of extraction of cobalt(1i) with dithizone is greatly retarded by the presence 
of sulphur dioxide [aqueous sulphur dioxide solutions were used to preserve the dithizone 
solutions and this slow rate was noted only when a concentrated (10°) sulphur dioxide 
solution was used instead of the usual 1% solution]; (iii) while the formation of the cobalt 
dithizone complex does not occur until the pH is in the range 4—6 (with dithizone concen- 
trations of 4 x 10m), the complex is not extracted to any detectable extent from the 
organic phase by strong acid solutions, e.g., concentrated hydrochloric acid, even after 
30—40 minutes’ shaking: this indicates that some step of the reaction is not readily 
reversible and this is most likely the oxidation step; and (iv) magnetic evidence suggests 
that the compound is a complex of cobalt(111). 


13 West, J., 1954, 395. 
4 Calvin, Bailes, and Wilmarth, J. Amer. Chem. Soc., 1946, 68, 2254. 
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Of the reactions which involve an oxidation step, two (9d and 9e) postulate the oxidation 
as occurring in the organic phase. Although this cannot be excluded, it would probably 
require the formation of ionic species in non-polar carbon tetrachloride, which is ener- 
getically unfavourable. Hence it appears that the formation of Co(HDz), probably 
occurs via reaction (9c), with the oxidation occurring in the aqueous phase. The 
equilibrium constant for this reaction, K’, is given by: 


K? — _[Co(HDz)s)(H*}*[H,0}#P,8 
[Co**}{H,Dz}®(0,}*K Poop. 


Using this equation and the data of Fig 1(B), for which the initial cobalt and dithizone 
concentrations were 1-13 x 10°m and 4:19 x 10M, respectively, and with a constant 
oxygen concentration (in the aqueous phase) of 2-5 x 10m,!® we found the mean value of 
K’ to be (1-89 + 0-32) x 10%. The constancy of K’, shown in Table 4, for different experi- 
ments is additional support for the equilibrium postulated. This value of K’ corresponds 
to a free energy of reaction of AG,, = —31-8 kcal./mole. It must be emphasised that, 
although this value of K’ refers to a state of apparent equilibrium, yet under our conditions 
it is quite likely that the oxidation-reduction step is almost irreversible. An analogy can 
be drawn between this system and cobalt sulphide, which requires neutral or slightly 
alkaline conditions for precipitation but is insoluble in dilute hydrochloric acid (2m). This 
is due to oxidation by atmospheric oxygen to form a mixture of cobalt(11) and cobalt(111) 
sulphides. 
Structure of Metal Dithizone Complexes.—For reactions of the type 


> + a a es 2 eee he, os OR 





(10) 





it has been shown ?¢ that 
AG°virin = —RT In (K/Kg") + AG°y"+ 9 riele eusebe 

where AG°y,,, is the standard free energy of ML,(aq) with respect to that of the free acid, 
HL(aq); AG*y"+ is the standard free energy of M"*(aq); K is the stability constant of 
reaction (11), and Ky that for the dissociation of HL in aqueous solution. There are a 
number of limitations in the application of equation (12) to experimental data, which 
have been discussed elsewhere.!® Nevertheless, bearing these limitations in mind, we may 
evaluate AG°y,,, from K, Ky, and AG°y"+. It has already been shown * that the plot of 
AG°yarp,), against AG°y"+ is quite abnormal. This deviation requires a difference in the 
product Pyain,),Kucrp,), from that expected by a factor of about 10% for mercury and by 
about 101° for copper. These increased stabilities can, however, be related to structural 
features, evidence for which was obtained by infrared spectroscopy. The observed N-H 
stretching frequencies for the compounds studied are quoted in Table 7. The follow- 
ing conclusions emerge. 


TABLE 7. Infrared investigation of metal dithizone complexes in carbon tetrachloride 


solution, 
Compound Cu(HDz), CuDz Hg(HDz), Co(HDz), H,Dz 
Frequency (cm.~) of N-H stretching motion 3219 Not 3272 3255 3139 
detectable 


(i) Copper dithizone complexes. It should first be noted that the compound giving an 
analysis corresponding to CuDz (see Table 8) shows no detectable N-H stretching frequency. 
This is not surprising, since this compound is commonly written with the structure (A) 
in which both hydrogen atoms of dithizone are acidic, leaving no N-H bond in the complex. 
Our evidence does not, however, indicate whether or not the second co-ordination is 
by another nitrogen atom. «As expected, the compound Cu(HDz), shows an absorption 
peak due to the stretching of an N-H bond. Therefore this compound has one of the 

18 ** Handbook of Chemistry and Physics,’”’ Chemical Rubber Publishing Co., Cleveland, Ohio, 1946, 


p. 1396. 
16 Duncan, Australian J. Chem., 1959, 12, 356. 
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TABLE 8. Analyses of copper and mercury dithizone complexes (°%, by wt.). 


CuDz Cu(HDz), Hg(HDz), 
Compound Cale. Found Calc. Found Calc. Found 
©» deseiccervciorecesosesocses 49-1 43-9, 43-9 54-4 53-0 43-9 43-3 
Me .vntcannecaccoopesespesesee 3-2 3,3, 3-5 3-9 4-1 3-1 3-0 
ES reer 10-1 9-5, 9-6 11-2 10-4 9-0 8-7 
Metal (from ash) ......... 20-0 19-3, 19-6 11-1 11-2 28-2 29-0 


structures (B), (C), or (D). Of these, structure (B) would appear to be more likely for the 
following reasons: (a) it allows stronger hydrogen bonding and therefore a more pronounced 
lowering of the N-H frequency from the value for an N-H bond not involved in hydrogen 


a zo - Ph Ph H. Ph 
- =N N=N N—N 
4 \ * 
cs—cu cat Lec, HH cule yess Cu™ 4 | 
N=N N-N j2 N—N 2 S—C:N=NPh] 2 
Ph Ph Ph H 
(A) (B) (C) (D) 


bonding, e.g., the value of 3326 cm.+ for the N-H stretching frequency in diazoamino- 
benzene, Ph-N-N-NHPh," a suitable analogue for the dithizone system; (b) the hydrogen 
atom attached to the 1-N atom in the free dithizone molecule is hydrogen bonded also (see 
experimental N-H frequency of 3139 cm.*!)._ The values of the N-H stretching frequencies 
obtained for the dithizone complexes (Table 7) show that partial hydrogen bonding of 
dithizone complexes occurs in the order H,Dz > Cu(HDz), > Co(HDz), > Hg(HDz),, 
the last being very weak or non-existent; and (c) the hydrogen atom attached to the 
2-N atom in dithizone would be expected to be more acidic than that attached to the 1-N 
atom, owing to the proximity of the sulphur atom., Structure (B) is also supported by 
the evidence of Irving and Bell 48 which shows that the S-methyl derivative of dithizone 
does not form complexes with metals, and it is perhaps significant that most thiols react 
strongly with copper and mercury. However, it is difficult to see how, in structure (B), 
the copper(II) can reach the usual co-ordination number of 4 or 6. 

(ii) Mercury dithizone complex. This appears to be similar to the copper dithizone 
complex [Cu(HDz),|, structure (B), for the following reasons: (a) The similarity in the 
infrared spectrum. (b) The similarity in the deviations from the linear free-energy 
plots: #* the deviations from linearity in this plot may be related to the varying degree 
of hydrogen bonding present in the complexes, those with the least hydrogen bonding 
having the greatest deviation. (c) Harding ! has shown that, in the solid state at least, 
the mercury is bonded through the sulphur atom and that the structure is somewhat like 
structure (D) with the mercury-nitrogen bond being very long (2-6 A) and hence rather 
weak, and that no intramolecular hydrogen bonding occurs: this agrees with our infrared 
measurements which indicate that there is very little, if any, hydrogen bonding in the 
mercury dithizone complex. 

(iti) Cobalt dithizone complex. It should be noted first that only a single N-H stretching 
frequency was observed. It follows, therefore, that structures in which the third dithizone 
residue is bound to the cobalt atom in a different way from the other two, e.g., 
Co(HDz),(H,Dz), are unlikely. This therefore supports the previous observations that 
oxidation of cobalt(11) to cobalt(1m1) has occurred. The similarity of the N-H stretching 
frequency to those of Cu(HDz), and Hg(HDz), suggests that it also has a structure similar 
to structure (B) but with fairly weak hydrogen bonding. 


Thanks are offered to Miss J. T. Radford for electrochemical cobalt analyses, to Professor 
A. N. Hambly, Mr. L. K. Dyall, and Mr. J. Allpress for infrared measurements, and to the 
Australian Atomic Energy Commission for a Senior Research Studentship (to F. G. T.). 

UNIVERSITY OF MELBOURNE, CARLTON N3, AUSTRALIA. [Received, October 26th, 1959.] 


17 Dyall, personal communication, 
18 Irving and Bell, /., 1954, 4253. 
1” Harding, J., 1958, 4136. 
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570. The Formation of Aromatic Hydrocarbons at High Temper- 
atures. Part VIII.* The Pyrolysis of Acetylene. 
By G. M. Bapcer, G. E. Lewis, and I. M. NAPIER. 


The pyrolysis of acetylene at 700° yields a number of polycyclic aromatic 
hydrocarbons (including 3,4-benzopyrene) in addition to benzene and simple 
benzene derivatives. 


In 1866 Berthelot ! found that when acetylene is strongly heated it forms a tar which 
contains benzene and other aromatic hydrocarbons. This thermal polymerisation has 
been further studied by Zelinsky ? and others; * and in 1925, Kennaway ‘ found that the 
tar produced by the pyrolysis of acetylene at 700° has considerable cancer-producing 
power. The tar gave ® a fluorescence spectrum similar to that given by 3,4-benzopyrene, 
and the presence of this hydrocarbon has been generally assumed. The pyrolysis of 
acetylene has now been re-investigated. 

The purified gas was passed through an unpacked silica tube having a temperature 
gradient such that only the last few inches were kept at 700°. The reaction is strongly 
exothermic, and considerable trouble was caused by blockage of the tube by carbon 
deposits. The resulting tar was analysed by distillation, gas-liquid partition chromato- 
graphy, chromatography on acetylated paper, and spectroscopy, and contained the following 
(% composition w/w in parentheses): Benzene (28), toluene (3), o-xylene (trace), styrene 
(trace), indene (trace), naphthalene (12), biphenyl (2-7), fluorene (4-5), phenanthrene (13), 
fluoranthene (3-7), chrysene (0-5), 1,2-benzanthracene (0-4), pyrene (6-5), perylene (trace), 
1,12-benzoperylene (trace), 3,4-benzofluoranthene (trace), 11,12-benzofluoranthene (trace), 
3,4-benzopyrene (2), 2,3-0-phenylenepyrene (2-7) ; and intractable “ polymeric” material (20). 

A substantially similar tar was obtained after pyrolysis at 530° (last portion only 
of furnace). Ethylbenzene (0-8%) and m- or p-xylene (1-7°,) were also detected in this tar, 
and indene (2-8%), naphthalene (20-2%), and pyrene (21°) were present in higher concen- 
concentration; but biphenyl, fluorene, 3,4-benzofluoranthene, 11,12-benzofluoranthene, 
and 2,3-0-phenylenepyrene were not detected in the tar formed at 530°. 

As expected ! benzene is the major product of this pyrolysis; but it is significant that 
biphenyl was detected only in the 700° tar. It seems that the dehydrogenation of benzene 
to biphenyl takes place only above 530°.°f-* Similarly, the highly condensed products 
fluorene, fluoranthene, 3,4-benzofluoranthene, 11,12-benzofluoranthene, and 2,3-o0-phenyl- 
enepyrene were identified only in the 700° tar. Here again it seems likely that these 
products must be formed (presumably from diphenylmethane, 1-phenylnaphthalene, 
9-rphenylphenanthrene, 1,2’-binaphthyl, and 3-phenylpyrene) by cyclodehydrogenation 
at high temperatures.’ The amounts of indene and of naphthalene were smaller in the 
700° tar than in that formed at 530°, and it can be assumed that these compounds undergo 
further transformations at the higher temperature. This has been confirmed by indepen- 
dent pyrolyses of indene and of naphthalene.*® Surprisingly, more pyrene was present 
in the 530° tar than in that formed at 700°; but at the higher temperature some pyrene 
must be used to form 2,3-0-phenylenepyrene.” 


* Part VII, J., 1960, 2746. 


1 Berthelot, Ann. Chim., 1866, 9, 445. 
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Sabatier and Senderens, Compt. rvend., 1900, 180, 250; Minkoff, Canad. J. Chem., 1958, 36, 131. 

* Kennaway, Brit. Med. J., 1925, ii, 1. 

5 Kennaway, Biochem. ]., 1930. 24, 497. 

* Brooks, Ind. Eng. Chem., 1926, 18, 518; Bachmann and Clarke, J. Amer. Chem. Soc., 1927, 49, 
2089. 
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8 Badger and Kimber, /., in the press. 

® Lang, Buffleb, and Kalowy, Chem. Ber., 1957, 90, 2888. 

10 Lang and Buffleb, Chem. Ber., 1957, 90, 2894. 
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The presence of 3,4-benzopyrene (2% in both tars) has been confirmed by the present 
work, and the quantity present would be sufficient to account for the carcinogenic properties 
reported by Kennaway.* In addition, the tar contains® other carcinogens, notably 
3,4-benzofluoranthene. 

The mechanism of the formation of 3,4-benzopyrene cannot be deduced from the 
present work. Nevertheless, its formation by the pyrolysis of acetylene is not inconsistent 
with the working hypothesis advanced in Part I of this series.! According to this view, 
acetylene could be converted into C,—C, units (e.g., phenylbutadiene, naphthalene, tetralin, 
etc.); and two such units could undergo cyclodehydrogenation to give 3,4-benzopyrene, 
and other compounds such as perylene and 11,12-benzofluoranthene. 


EXPERIMENTAL 

Furnace.—Preliminary experiments using the furnace previously described 1! were unsatis- 
factory, the tube being very rapidly choked with carbon. More satisfactory results were 
obtained with a furnace designed to reduce the contact time at the maximum temperature. 
The furnace consisted of a silica tube (30 in.; 1} in. outside diam.) wound for 4 in., 12 in., and 
6 in. of its length with three separately controlled heating elements (nichrome wire). During 
the pyrolysis heating was arranged so that the temperature rose gradually along the length 
of the furnace, the final 6 in. being at 700°. This tube was mounted along the centre of a 64 in. 
diam. asbestolite cylinder, filled with ‘‘ vermiculite.’’ The acetylene was passed through a 
second tube (4 ft.; 0-8 in. int. diam.) which just fitted into the heated tube, and this in turn 
contained a concentrically placed silica tube (} in. outside diam.), open at both ends, to take 
a beaded chromel—alumel thermocouple. The whole furnace was inclined at 60° to facilitate 
collection of the tar. 

Pyrolysis of Acetylene.—Acetylene was generated from calcium carbide, washed with copper 
sulphate (150 g./l.) in 5N-sulphuric acid, with 5N-hydrochloric acid saturated with mercuric 
chloride, and with 4N-sodium hydroxide and collected in two sets of aspirators so connected 
that when acetylene was being used from one set, the other could be refilled. The gas was 
then passed through concentrated sulphuric acid and over fused calcium chloride before being 
led into the furnace. With a flow-rate of 6 1./hr., 400 1. acetylene gave 43-8 g. of tar, and a 
further 0-5 g. was obtained from a final trap cooled with solid carbon dioxide. Distillation 
of the tar gave the following fractions: (i) b. p. ase mm. (12-5 g.); (ii) b. p. Saas ee 
mm. (5-3 g.); (iii) b. p. a aa ee a mm. (3-3 g.); (iv) b. p. 170—230°/20 mm. (5-5 g.); (v) 
230—245°/20 mm, (2-4 g.); (vi) b. p. 245—280°/20 mm. (2-3 g.); (vii) residue (10 re " and 
(viii) collected from the distillation trap (0-5 g.). Fractions (i) and (viii) were analysed by gas- 
liquid chromatography, the fractions being collected and identified by infrared spectroscopy. 
The remaining fractions were analysed by chromatography on acetylated paper, methods 
already described being used.”!2 The spots were cut out and the extracts examined by 
spectroscopy. 

Details of Identification—Benzene. This was identified by its retention time and by its 
infrared spectrum ! which showed (CCl, solution) maxima at 2-40, 3-20, 3-25, 5-06, 5-48, 6-55, 
6-77, 7-17, 8-50, and 9-65 pu. 

Toluene.—This was identified by its retention time ratio and by its infrared spectrum (CCl, 
solution) }* which showed maxima at 2-40, 3-24, 3-35, 3-41, 3-60, 5-11, 5-33, 5-50, 5-73, 6-21, 
6-70, 6-85, 7-23, 8-49, 9-03, 9-25, 9-61, 9-71, and 11-20 yu. 

Ethylbenzene. This was identified by its retention time ratio and by its infrared spectrum 
(CCl, solution) }* which showed maxima at 3-24, 3-30, 3-35, 3-40, 6-20, 6-67, 6-85, 7-23, 9-63, 
9-70, and 11-07 u. 

Styrene and o-xylene. Material collected from the gas-liquid chromatogram was a mixture 
of styrene and o-xylene. Its infrared spectrum (CCI, solution) showed maxima at 2-4, 3-20— 
3-31, 5-07, 5-28, 5-43, 6-08, 6-20, 6-31, 6-67, 6-87, 7-03, 7-73, 8-32, 9-23, 9-80, 10-10, and 11-0 
corresponding to styrene,™ and at 6-80, 7-20, 8-92, and 9-50 u corresponding to o-xylene.™* 

Indene. This was identified by its retention time ratio and by its infrared spectrum which 
showed maxima at 3-32, 3-47, 3-62, 5-15, 5-23, 5-30, 5-40, 5-49, 5-57, 5-95, 6-05, 6-22, 6-90, 7-20, 
7-50, 7-80, and 8-05 pv, in substantial agreement with those obtained from an authentic specimen. 

11 Badger et al., J., 1958, 2449. 


12 Spotswood, J. Chromatography, 1959, 2, 90; 1960, in the press. 
13 American Petroleum Institute Research Project 44, Infrared Spectral Data. 
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m- or p-Xylene. Identified only by comparison of its retention time with authentic 
specimens. ; 

Naphthalene. This was identified by its ultraviolet absorption spectrum which showed Amax. 
at 220, 257, 267, 276, 283, and 287 my, and by its infrared spectrum which was identical with 
that of an authentic specimen. In one runa fraction, b. p. 100—110°/18 mm., was recrystallised 
from methanol and gave plates, m. p. and mixed m. p. 80°. 

Biphenyl. This was identified by its infrared spectrum, which was identical with that of an 
authentic specimen. 

Fluorene. An extract from a paper chromatogram showed Amax at 221, 260, 274, 289, 294, 
and 301 my in substantial agreement with the literature values. In one run a fraction, b. p. 
170°/18 mm., was recrystallised from hexane and gave plates, m. p. 116° alone or admixed with 
authentic fluorene. 

Phenanthrene. An extract from a paper chromatogram showed Agax at 220, 245, 250, 273, 
282, 286, and 292-5 my in substantial agreement with the literature values.'4 

Fluoranthene. This was identified by its absorption spectrum which showed maxima at 
236, 261, 275, 287, 307-5, 321-5, 340, and 360 my (in agreement with the literature values 4), and 
confirmed by its fluorescence spectrum which was identical with that of an authentic specimen. 

Chrysene. An extract from a paper chromatogram showed Amax, at 241, 258, 267, 284, 293, 
304-5, 317, 340, and 361 mu (agreeing with the literature values 4). In one run a fraction, b. p. 
271°/18 mm., was chromatographed on alumina, and the product recrystallised from hexane, 
giving plates, m. p. and mixed m. p. 148°. 

1,2-Benzanthracene. This was identified by its absorption spectrum which showed maxima 
at 257-5, 267-5, 277-5, 288, 300, 326, 340, and 359 my (literature values ). It was confirmed 
by its fluorescence spectrum which was identical with that of an authentic specimen. 

Pyrene. An extract from a paper chromatogram showed Amax, at 234, 240, 259, 273, 290, 
305, 318, and 335 my (literature values). In one run a fraction, b. p. 238°/18 mm., was 
chromatographed on alumina, and crystallised from hexane, giving plates, m. p. and mixed 
m. p. 149°. Its trinitrobenzene complex had m. p. and mixed m. p. 244°. 

Perylene. This was identified by its absorption spectrum which showed maxima at 244, 251, 
385, 407, and 434 my (literature values !) and by its fluorescence spectrum which was identical 
with that of an authentic specimen. 

1,12-Benzoperylene. This was also identified by its absorption spectrum which showed 
Amax, 290, 300, 330, 344, 364, and 380 my (literature values ™), and by its fluorescence spectrum 
which was identical with that of an authentic specimen. 

3,4-Benzofluoranthene. An extract from a paper chromatogram showed Apa, 222, 239, 256, 
276, 291, 301, and 350 mu (literature values 4), and its fluorescence spectrum was found to be 
identical with that of an authentic specimen. 

11,12-Benzofluoranthene. Its absorption spectrum showed maxima at 236, 296, 308, 335, 
360, 379, and 400 my (literature values '), and its identity was also confirmed by its fluorescence 
spectrum. 

3,4-Benzopyrene. An extract of a paper chromatogram showed maxima at 226, 255, 263, 
284, 296, 328, 346, 365, 385, and 404 mu in good agreement with the literature values.4* It was 
also identified by its fluorescence spectrum which was identical with that given by an authentic 
specimen. 

2,3-0-Phenylenepyrene. An extract of a paper chromatogram showed maxima at 250, 270, 
303, 315, 360, 380, 407, 420, and 430 mu, in substantial agreement with the recorded values for 
this hydrocarbon.!° 


We are grateful to Mr. J. R. McGill (C.1.G. Ltd.) for valuable advice about hazards of 
acetylene, to Mr. F. Goulden for details of the acetylene pyrolyses carried out by the late Sir 
Ernest Kennaway, and to Mr. A. Moritz for the infrared spectra. The work was supported by 
the Damon Runyon Memorial Fund for Cancer Research, Inc., and we are also grateful to the 
Anti-cancer Campaign Committee of the University of Adelaide for a maintenance grant 
(to I. M.N.). ‘ 
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14 Friedel and Orchin, “‘ Ultraviolet Spectra of Aromatic Compounds,”’ Wiley, New York, 1951; Clar 
“‘ Aromatische Kohlenwasserstoffe,’’ Springer, Berlin, 1952. 
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571. Modified Steroid Hormones. Part XVII. Some 6-Methyl- 
4,6-dien-3-ones. 


By B. Etuis, D. N. Kirk, V. PETRow, (Mrs.) B. WATERHOUSE, 
and D. M. WILLIAMSON. 


Methods are described for the conversion of 36-acetoxy-5a-hydroxy-6- 
oxo-, 3,3-ethylenedioxy-A‘-, 36-hydroxy-6-methyl-A5-, and 6a«-methyl-3- - 
oxo-A‘-steroids into the corresponding 6-methyl-4,6-diene-3-ones. 


THE biological activity of steroidal hormones of the 3-oxo-A‘-type is generally decreased by 
the introduction of a 68-methyl group or of a 6,7-unsaturated linkage. A 6«-methyl group, 
in contrast, often enhances certain types of biological activity such as progestational, anti- 
inflammatory, and glucocorticoid activity. Steroidal hormones containing a combination 
of these structural features, 7.e., 6-methyl-A®-derivatives (III), had not been reported when 
this work was initiated in 1957. In such structures (III), the 6-methyl group has been 
oriented to some extent away from the biologically favourable «-, and towards the 
biologically unfavourable 8-position. This change has been superimposed upon a second 
structural feature (6,7-double bond) of at least doubtful utility in so far as biological 
potency in the series without the 6-methyl group is concerned. Against the background 
of these considerations our discovery that some of the products described below are many 
times more potent biologically than the 6«-methyl-3-oxo-A*-structures from which they 
are formally derived was completely unexpected. 


cs 





Me (VII) Me (VIII) 


The first method developed for the preparation of certain 6-methyl-4,6-dien-3-ones 
employed the corresponding 36-acetoxy-5«-hydroxy-6-ketone (I; R = Ac, R’ = :O) as 
starting material. Reaction of an intermediate of this type with excess of methylmag- 
nesium iodide furnished the 6a-methyl-36,5«,68-triol * (I; R= H; R’ = ----Me, —OH) 
which passed on oxidation into the 5a,68-dihydroxy-6«-methyl-3-ketone (II). 
Dehydration of the latter compound to the required 6-methyl-4,6-dien-3-one (III) was 


* The configurations of the groups at Cy) are assigned by analogy.* 
1 Part XVI, Ellis, Petrow, and Waterhouse, J., 1960, 2596. 








[1960] Modified Steroid Hormones. Part XVII. 2829 


effected by hot methanolic hydrochloric acid. In this way, 36-acetoxy-5a-hydroxy- 
cholestan-6-one,?_ 38-acetoxy-5«,178-dihydroxy-17«-methylandrostan-6-one,} and 38,178- 
diacetoxy-5«-hydroxyandrostan-6-one * were converted into the corresponding 6-methyl 
derivatives of cholesta-4,6-dien-3-one, 178-hydroxy-17«-methylandrosta-4,6-dien-3-one 
and androsta-4,6-diene-3,17-dione. The 6-methyl derivatives of 17«-ethynyl-17$-hydroxy- 
androsta-4,6-dien-3-one, 25p-spirosta-4,6-dien-3-one, and pregna-4,6-diene-3,20-dione were 
likewise prepared from the hitherto undescribed intermediates 38-acetoxy-17«-ethynyl- 
5«,178-dihydroxyandrostan-6-one, 38-acetoxy-5«-hydroxy-25p-spirostan-6-one, and 38,208- 
diacetoxy-5a-hydroxypregnan-6-one, respectively, which were obtained from the corre- 
sponding 38-acetoxy-5a,6«-epoxides by conversion with periodic acid * in aqueous acetone 
into the 38-acetoxy-5«,68-diols followed by oxidation at Cy). 

In a modification of the foregoing procedure, 17$-acetoxy-3,3-ethylenedioxy-56- 
hydroxyandrostan-6-one (V; R= ‘0; R’ = Ac) was treated with methylmagnesium 
iodide, to give a 3,3-ethylenedioxy-62-methylandrostane-58,6£,178-triol (V; R = ~~~OH, 
~~Me; R’ = H) (not isolated) which in warm methanolic hydrochloric acid passed into 
178-hydroxy-6-methylandrosta-4,6-dien-3-one (VI) by dehydration and concomitant 
hydrolysis of the ketal group. The ketone (V; R= -:O; R’ = Ac) had perforce to be 
prepared from the 58,68-diol (V; R =--H, -OH; R’ = Ac) which was obtained from 
the ketal (IV) only by the use of osmium tetroxide 5 with which it formed an osmate ester. 
The necessity for employing this relatively expensive reagent limits the potential utility 
of this route. Other attempts to convert the ketal (IV) into the corresponding 5,6-diol 
via the 5,6-epoxides, or by direct hydroxylation with potassium permanganate, or with 
hydrogen peroxide catalysed by osmic acid, were unsuccessful. An attempt to prepare 
6,7-dehydro-6-methylcortisone did not succeed as cortisone di(ethylene ketal) failed to 
form an osmate ester. 

The foregoing methods were unsuitable for the preparation of the 6,7-dehydro-6-methyl- 
derivatives of 17«-acyloxyprogesterone. The first member of this series of compounds, 
t.€., 17a-acetoxy-6-methylpregna-4,6-diene-3,20-dione (VIII; R = Me), was conveniently 
obtained by oxidation of 17«-acetoxy-36-hydroxy-6-methylpregn-5-en-20-one® (VII; 
R = H, R’ = Ac) with the Oppenauer reagent, employing benzoquinone as hydrogen- 
acceptor.’ The higher homologues (VIII; R = Et, Pr, and n-C;H,, respectively) were 
likewise prepared from the diol (VII; R = R’ = H) ® by the reaction sequence: acetylation 
at Ci, enforced acylation at C,,., hydrolysis of the resulting 38,17«-diester by mineral 
acid to the 17a-acyloxy-3$-hydroxy-6-methylpregn-5-en-20-one (VII; R = H, R’ = acyl), 
and oxidation to the 6-methyl-4,6-dien-3-one (VIII; R = alkyl). 

An additional route to 6-methyl-4,6-dien-3-ones involved the dehydrogenation of 
6-methyl-3-oxo-A‘-steroids with chloranil. The method proved of general applicability 
(see p. 2833) and has since been independently described by three separate groups.®® 


EXPERIMENTAL 

Optical rotations were measured in a 1 dm. tube for CHC], solutions unless otherwise stated. 
Ultraviolet absorption spectra were kindly determined (for EtOH solutions) by Mr. M. T. 
Davies, B.Sc. B.D.H. chromatographic alumina was used. 

6a-M ethyl-5a-cholestane-38,5x,68-triol_—38-Acetoxy-5a-hydroxycholestan-6-one ? (10 g.) in 
benzene (100 ml.) and ether (300 ml.) was added to a Grignard reagent prepared from magnesium 
(4-8 g.), methyl iodide (12-4 ml.), and ether (300 ml.). The mixture was kept at room tem- 
perature for 24 hr., then treated with an excess of dilute sulphuric acid, and the organic layer 
was washed, dried, and evaporated. A solution of the residue in 3% ethanolic potassium 

2 Pickard and Yates, J., 1908, 93, 1678. 

3 Heusler and Wettstein, Helv. Chim. Acta, 1952, 35, 284. 

* Cf. Fieser and Rajagopalan, J. Amer. Chem. Soc., 1949, 71, 3938. 

5 Cf. Bernstein, Allen, Linden, and Clemente, J. Amer. Chem. Soc., 1955, 77, 6612. 

* Barton, Ellis, and Petrow, J., 1959, 478. 

7 Wettstein, Helv. Chim, Acta, 1940, 23, 388. 

® Ringold, Ruelas, Batres, and Djerassi, J. Amer. Chem. Soc., 1959, 81, 3712. 

® U.S.P. 2,891,079; Ruggieri, Ferrani, and Gandolfi, Ann. Chim. (Italy), 1959, 49, 1371. 
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hydroxide was refluxed for 30 min. The product obtained by the addition of water was dried 
and purified from ether to give the ériol as needles, m. p. 223—225°, [a],,?* 0° (c 0-85) (Found: 
C, 77-0; H, 11-6. C,,H,,O, requires C, 77-4; H, 11-6%). 

5a,68-Dihydroxy-6a-methyl-ia-cholestan-3-one.—The foregoing triol (5-8 g.) in acetic acid 
(120 ml.) was treated at 35° with chromium trioxide (2-5 g.) in 80% acetic acid (20 mi.). The 
mixture was poured into water after 3 hr., and the product isolated with ether. Purification 
of the neutral fraction from aqueous ethanol gave the ketone, needles, m. p. 225—226°, [a], 
+ 22° (c 1-04) (Found: C, 77-4; H, 11-4. C,,H,,0O, requires C, 77-7; H, 11-2%). 

6-Methylcholesta-4,6-dien-3-one.—A solution of the foregoing ketone (2 g.) in ethanol (50 ml.) 
to which 2 drops of concentrated hydrochloric acid had been added was heated under reflux for 
30 min. The product, isolated with ether, crystallised from methanol, giving 6-methylcholesta- 
4,6-dien-3-one, needles, m. p. 91—92°, [a],,24 +37° (c 1-07), Amax, 290 my (log ¢ 4:37) (Found: 
C, 84:6; H, 11-2. C,,H,,O requires C, 84-8; H, 11-2%). 

6a, 17a-Dimethyl-5a-androstane-38,5a,178-tetrol.—3-Acetoxy-5«,178-dihydroxy - 17«-methyl- 
5a-androstan-6-one ! (6-5 g.) in ether (300 ml.) was added to a Grignard reagent from magnesium 
(6-5 g.) and methyl iodide (42 g.) in ether (300 ml.) and benzene (200 ml.). The mixture was 
refluxed for 34 hr., cooled, and treated with aqueous ammonium chloride. The product, 
isolated in the usual way, was saponified with hot aqueous methanolic potassium carbonate, 
and purified from acetone—hexane. The /etro/ crystallised in needles, m. p. 233—234°, [a],,% 
— 24° (c 0-55 in ethanol) (Found: C, 71-1; H, 10-0. C,,H,,0, requires C, 71-55; H, 10-3%). 
The 38-acetate formed needles (from acetone—hexane), m. p. 225—-227° (Found: C, 69-6; H, 9-6. 
C,,H,,0, requires C, 70-0; H, 9-7%). 

6a,17a-Dimethyl-5«,68,178-trihydroxyandrostan-3-one.—The foregoing tetrol (1-8 g.) in 
pyridine (18 ml.) was added to chromium trioxide (1-8 g.) in pyridine (18 ml.), and the mixture 
set aside for 18 hr. The product, isolated with benzene, crystallised from acetone—hexane, 
giving the ketone, needles, m. p. 223—224°, [a],?% —25° (c 0-53) (Found: C, 71-8; H, 9-8. 
C,,H,,0, requires C, 72:0; H, 9-8%). 

178-Hydroxy-6,17a-dimethylandrosta-4,6-dien-3-one.—A solution of the foregoing ketone 
(1-85 g.) in methanol (20 ml.) containing concentrated hydrochloric acid (0-3 ml.) was refluxed 
for 1 hr. The product was isolated with ether and purified from acetone—hexane to give the 
dienone, needles, m. p. 157—158°, [a],,?* +-38° (c 0-52), Amax. 290 my (log ¢ 4:37) (Found: C, 79-9; 
H, 9-6. C,,H ,0, requires C, 80-2; H, 9-6%). 

38,178-Diacetoxy-6a-methylandrostane-5a,68-diol, prepared from  38,17$-diacetoxy-5a- 
hydroxyandrostane-6-one * and methylmagnesium iodide followed by acetylation of the product, 
crystallised from acetone—hexane in plates, m. p. 192—193°, [a],,23 —41° (c 0-48) (Found: C, 68-0; 
H, 8-9. C,,H;,0O, requires C, 68-2; H, 9-0%). 

5a,68-Dihydroxy-6a-methylandrostane-3,17-dione.—A solution of the foregoing compound 
(4-7 g.) and potassium carbonate (2-4 g.) in methanol (45 ml.) and water (5 ml.) was heated under 
reflux for 1 hr. The product obtained on the addition of water crystallised from acetone as 
needles, m. p. 242—245°. This material (3-3 g.) in pyridine (35 ml.) was added to chromium 
trioxide (6-6 g.) in pyridine (65 ml.), and the mixture set aside overnight. The product was 
isolated with benzene and purified from aqueous acetone to give the dione, needles, m. p. 242— 
244°, [a],,2* +65° (c 0-57) (Found: C, 71-6; H, 9-1. CypH 390, requires C, 71-9; H, 9-0%). 

66-Hydroxy-6a-methylandrost-4-ene-3,17-dione (with Mr. G. O. Weston, B.Sc.).—The fore- 
going compound (1 g.) in methanol (50 ml.) containing potassium hydroxide (0-25 g.) was 
heated under reflux for 1 hr. The solid obtained on the addition of water was purified from 
aqueous ethanol to give the enedione, flat needles, m. p. 237—239°, [a],,2° + 105° (c 0-8), Amax 
237 mu (log ¢ 4-14) (Found: C, 75-65; H, 8-8. C,9H,,O, requires C, 75-9; H, 89%). 

6-Methylandrosta-4,6-diene-3,17-dione, prepared from the foregoing compound, or from 5«,68- 
dihydroxy-6«-methylandrostane-3,17-dione by treatment with hot methanolic hydrochloric acid, 
crystallised from acetone—hexane in needles, m. p. 164°, [a],?4 +139° (c 0-51), Amax, 287 my 
(log « 4-37) (Found: C, 80-5; H, 8-5. C,. 9H,,O, requires C, 80-5; H, 8-7%). 

38-A cetoxy-17a-ethynylandrostane - 5«,68,178 -triol_—38 - Acetoxy - 5,6«- epoxy - 17«-ethynyl- 
androstan-178-ol © (6 g.) in acetone (100 ml.) was treated with periodic acid (1-8 g.) in water 
(20 ml.), and the mixture refluxed for 15 min. Addition of water gave crystals which were 
purified from aqueous acetone. The triol formed needles, m. p. 255—256°, {a],,24 —69-5° (c 1-0 
in dioxan) (Found: C, 71-1; H, 8-7. C,,H,,0,; requires C, 70-8; H, 8-8%). 

10 Ackroyd, Adams, Ellis, Petrow, and Stuart-Webb, J., 1957, 4099. 
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38-A cetoxy-5a,178-dihydroxy-17«-ethynylandrostan-6-one, prepared by oxidation of the 
foregoing compound with chromium trioxide-pyridine, crystallised from acetone-hexane in 
fine needles or dense prisms, m. p. 245—247°, [a], —103° (c 1-03) (Found: C, 70-8; H, 8-5. 
C,3H3,0; requires C, 71-1; H, 8-3%). 

17x-Ethynyl-6a-methylandrostane-38,5«,68,178-tetrol—The foregoing ketone (10-5 g.) in dry 
tetrahydrofuran (100 ml.) and ether (100 ml.) was added to a Grignard reagent from magnesium 
(5-4 g.), methyl iodide (15 ml.) and ether (360 ml.)._ The mixture was set aside for 18 hr., then 
the product was isolated, saponified, and crystallised from aqueous methanol. The ¢etrol 
formed needles, m. p. 254—255°, [a],2® —51° (c 1-07) (Found: C, 72-7; H, 93. C,,H,,O, 
requires C, 72-9; H, 9-45%). 

17a-Ethynyl-5x,68,178-trihydroxy-6a-methylandrostan-3-one, prepared by oxidation of the 
foregoing compound with chromium trioxide—pyridine, separated from aqueous ethanol in 
needles, having m. p. 246—248° and [a],,22 —36° (c 1-02) (Found: C, 70-2, 69-9; H, 9-1, 9-0. 
Cy2H3.04,H,O requires C, 69-8; H, 9- 05° 4) after prolonged drying at 100°. 

17a-Ethynyl-178-hydroxy-6- -methylandrosta- -4,6-dien-3-one crystallised from aqueous methanol 
in needles, m. p. 200—201°, [a],,2° —58° (c 1-03), Amax. 290 my (log ¢ 4:36) (Found: C, 81-2; 
H, 8-4. C,.H,,O, requires C, 81-4; H, 8-7%). 

38-A cetoxy-25p-spivostane-5x,68-diol, prepared by treating 3f-acetoxy-5«,6«-epoxy-25p- 
spirostane 1! with periodic acid in aqueous acetone, crystallised from chloroform—methanol in 
needles, m. p. 286—288°, {a],,2* —98° (c 0-44) (Found: C, 71-3; H, 9-4. C,ygH,.O, requires 
C, 71-0; H, 9-4%). 

38-A cetoxy-5a-hydroxy-25p-spirostan-6-one crystallised from chloroform—methanol in plates, 
m. p. 273—275°, {a],2* —127° (c 0-89) (Found: C, 71-5; H, 9-2. C,,H,,O, requires C, 71-3; 
H, 9-0%). 

6a-Methyl-25p-spirostane-38,5«,68-triol crystallised from methanol in needles, m. p. 266— 
270°, [aj,,2* —84° (c 0-32) (Found: C, 70-4; H, 10-3. Calc. for C,,H,y,O;: C, 72:7; H, 10-0%). 
Despite intensive drying of this compound, satisfactory analyses could not be obtained. 

5a,68-Dihydroxy-6u-methyl-25p-spirostan-3-one separated from acetone—hexane in needles, 
m. p. 245—247°, [a],,2* —75° (c 0-29) (Found: C, 72-7; H, 9-7. C,sH,,O; requires C, 73-0; 
H, 9-6%). 

68-Hydvoxy-6a-methyl-25d- yes -4-en-3-one formed needles (from acetone—hexane), m. p. 
233—235°, [a],,24 —52° (c 0-73), Amax. 239 my (log ¢ 4:12) (Found: C, 76-2; H, 9-3. Cy.H,,O, 
requires C, 76-0; H, 95%). 

6-Methyl-25p-spirosta-4,6-dien-3-one cry stallised from acetone—hexane in prisms, m. p. 215— 
217°, {a],,?° —67° (c 0-39), Amax, 289°5 my (log ¢ 4:38) (Found: C, 79-2; H, 9-5. C,H O, 
requires C, 79-2; H, 9-4%). 

36,208-Diacetoxypregnane-5«,68-diol, prepared from 38,208-diacetoxy-5a,6a-epoxypregnane™ 
and periodic acid in aqueous acetone, crystallised from aqueous methanol in plates, m. p. 
230—231°, [a], — 6° (c 0-49) (Found: C, 68-4; H, 9-2. C,,H,,O, requires C, 68-8; H, 9-2%). 

36,208-Diacetoxy-5a-hydroxypregnan-6-one formed plates (from acetone—hexane), m. p. 
224—225°, [a],,2° —48° (c 0-81) (Found: C, 68-8; H, 9-0. C,;H,0, requires C, 69-0; H, 8-7%). 

6a-Methylpregnane-38,5x,68,208-tetrol crystallised from acetone-hexane in needles, m. p. 
220—224°, [a|,,2? —17° (c 0-24) (Found: C, 71-7; H, 10-3. C,,H,,O, requires C, 72-1; H, 10-4%). 

5a,68-Dihydroxy-6a-methylpregnane-3,20-dione crystallised from acetone—hexane in needles, 
m. p. 247—249°, [a,,2* +69° (c 0-39) (Found: C, 73-2; H, 9-1. C,,H3,O, requires C, 72-8; 
H, 9-4%). 

6-Methylpregna-4,6-diene-3,20-dione ® crystallised from hexane in plates, m. p. 152—154°, 
[a],,°? + 176° (c 0-56), Amax. 288-5 my (log ¢ 4-37) (Found: C, 80-5; H, 9-0. Calc. for C,,H 3 O,: 
C, 80-9; H, 9-2%). 

178-A cetoxy-3,3-ethylenedioxyandrostane-58,68-diol (V; R=---H, —OH; R’ = Ac).— 
A mixture of 17$-acetoxy-3,3-ethylenedioxyandrost-5-ene (3 g.) and osmium tetroxide 
(2-2 g.) in benzene (200 ml.) and pyridine (3 ml.) was set aside for 2 days. Sodium sulphite 
(13 g.), potassium hydrogen carbonate (13 g.), water (120 ml.), and methanol (40 ml.) were added, 
the mixture was stirred for 4 hr., then filtered, and the precipitate was washed with hot chloro- 
form (11.). Removal of the solvents from the combined filtrate and washings gave an oil which 


11 Tsukamoto, Ueno, and Ota, J. Pharm. Soc. Japan, 1937, 57, 985. 
12 Ringold, Batres, and Rosenkranz, J. Org. Chem., 1957, 22, 99. 
13 Antonucci, Bernstein, Littell, Sax, and Williams, J. Org. Chem., 1952, 17, 1341. 





2832 Modified Steroid Hormones. Part XVII. 


was chromatographed on alumina (90 g.). Elution with benzene and benzene-ether gave 
small quantities of unchanged 17$-acetoxy-3,3-ethylenedioxyandrost-5-ene. Furtber elution 
with ether and ether-acetone gave material which was purified from acetone—hexane. 176- 
Acetoxy-3,3-ethylenedioxyandrostane-58,68-diol separated in needles, m. p. 178—179°, [a],,24 + 12-5° 
(c 0-32) (Found: C, 67-5; H, 8-9. C,3;H 5,0, requires C, 67-6; H, 88%). 

178-A cetoxy-3,3-ethylenedioxy-58-hydroxyandrostan-6-one (V; R = :O, R’ = Ac).—The fore- 
going compound (1-6 g.) in pyridine (16 ml.) was added to chromium trioxide (1-6 g.) in pyridine 
(16 ml.), and the mixture set aside for 24 hr. The product, isolated with benzene, was purified 
by passage of its benzene solution through a short column of alumina and crystallisation from 
acetone-hexane containing a trace of pyridine. The ketone separated in needles, m. p. 161— 
162°, [a),2> —46° (c 0-17) (Found: C, 68-0; H, 8-6. C,,;H,,0, requires C, 68-0; H, 84%). 

178-Hydroxy-6-methylandrosta-4,6-dien-3-one (V1).—The foregoing ketone (0-7 g.) in benzene 
(30 ml.) was added dropwise to a Grignard reagent from magnesium (0-9 g.), methyl iodide 
(6 ml.), and ether (10 ml.). The mixture was heated under reflux for 2 hr., cooled, and treated 
with aqueous ammonium chloride, and the product (a gum) was isolated with chloroform. Its 
solution in methanol (25 ml.) containing concentrated hydrochloric acid (3 drops) was refluxed 
for 2 hr. The product was isolated with chloroform and crystallised from aqueous methanol 
to give 178-hydroxy-6-methylandrosta-4,6-dien-3-one, needles, m. p. 161—163°, [aJ,,?* +67° 
(c 1-02), Amax, 289-5 my (log ¢ 4-37) (Found: C, 77-4, 77-3, 77-4; H, 9-5, 9-4, 9°35. C.sH,,0.,$H,O 
requires C, 77-6; H, 9-5%) after prolonged drying at 140°/0-1 mm. The 178-acetate (prepared 
with Mr. G. O. Weston, B.Sc.) formed plates (from acetone-hexane), m. p. 173—174°, [a],,%° 
-+34° (c 0-73) (Found: C, 77-1; H, 8-6. C,,H 90, requires C, 77-15; H, 8-8%). 

17«-Acetoxy-6-methylpregna-4,6-diene-3,20-dione (VIII; R = Me).—17$-Acetoxy-38- 
hydroxy-6-methylpregn-5-en-20-one ® (1-5 g.), p-benzoquinone (2-5 g.), and aluminium t-but- 
oxide (1-5 g.) were suspended in dry benzene (150 ml.). The mixture was stirred for 60 hr., and 
washed with dilute aqueous sodium hydroxide, then with water, and the solvent was removed 
in vacuo. Crystallisation of the residue from aqueous methanol gave the dienedione ®® in 
needles, m. p. 214—216°, [a],,4 +5° (c 0-43), Amax. 287-5 my (log ¢ 4-4) (Found: C, 74-5; H, 8-2. 
Calc. for C,4H,,0,: C, 74°85; H, 8-3%). : 

36-A celoxy-17a-hydroxy-6-methylpregn-5-en-20-one (VII; R= Ac, R’ = H), prepared by 
treating 38,17«-dihydroxy-6-methylpregn-5-en-20-one ® with acetic anhydride—pyridine for 30 
min. at 100°, crystallised from aqueous methanol in needles, m. p. 112—114°, or from acetone-— 
hexane in needles, m. p. 133—134°, [a],,** —88° (c 0-3) (Found: C, 74:3; H, 94. C,H y.O, 
requires C, 74-2, 9-3%). 

38-Acetoxy-6-methyl-17a-propionyloxypregn-5-en-20-one (VII; R= Ac, R’ = COEt).—A 
solution of the foregoing compound (1 g.) and toluene-p-sulphonic acid (0-2 g.) in benzene 
(25 ml.) was distilled until 5 ml. of distillate had collected. Propionic anhydride (1 ml.) was 
added, and the mixture refluxed for l hr. After being kept overnight, the mixture was shaken 
with water for 4 hr., and the product isolated with ether. Purification from aqueous ethanol 
gave the diester, needles, m. p. 181—183°, [a],,2> —73° (c 0-74) (Found: C, 72-8; H, 9-0. 
C,H gO; requires C, 72-9; H, 9-1%). 

38-Hydroxy-6-methyl-17a-propionyloxypregn-5-en-20-one (VII; R =H, R’ = COEt).—The 
foregoing compound (2 g.) in methanol (100 ml.) was treated with concentrated hydrochloric 
acid (1 ml.), and the mixture heated under reflux for 14 hr. Addition of water gave crystals 
which were purified from aqueous methanol. The monoester separated in needles, m. p. 170— 
172°, [a],** —70° (c 0-94) (Found: C, 74:5; H, 9-3. C,;H;,0, requires C, 74-6; H, 9-5%). 

6-Methyl-17a-propionyloxy pregna-4,6-diene-3,20-dione (VIIL; R = Et),fprepared from the 
foregoing compound, crystallised from methanol in needles, m. p. 134—135°, [a],,2* +9° (c 0-35) 
Amax. 288 my (log e¢ 4:37) (Found: C, 74:9; H, 8-6. C,;H,,0, requires C, 75-3; H, 8-5%). 

17a-Butyryloxy-38-hydroxy-6-methylpregn-5-en-20-one (VII; R=H, R’ = COPr*).—A 
solution of 38-acetoxy-17«-hydroxy-6-methylpregn-5-en-20-one (5 g.) and toluene-p-sulphonic 
acid (0-75 g.) in butyric acid (50 ml.) and butyric anhydride (25 ml.) was kept at room tem- 
perature for 48 hr. After the addition of pyridine, the mixture was steam-distilled, and the 
product isolated with ether and crystallised from aqueous methanol. The crude diester (m. p. 
170—171°) was hydrolysed with hot methanolic hydrochloric acid to give 17a-butyryloxy-38- 
hydroxy-6-methylpregn-5-en-20-one, needles (from acetone-hexane), m. p. 156—158°, [a], 
— 66-5° (c 0-95) (Found: C, 74-8; H, 9-7. C,.,H4 O, requires C, 75-0; H, 9-7%). 

17a-Butyryloxy-6-methylpregna-4,6-diene-3,20-dione {VIII; R= Pr*), prepared from the 





=e ne Oo O 


Zz) 


spU 


[1960] Edwards and Lewis. 2833 


foregoing compound, crystallised from hexane in needles, m. p. 102—104°, {a|,,24 —27° (c 0-95), 
Amax, 288 my (log ¢ 4-37) (Found: C, 75-9; H, 8-7. CygH,,0, requires C, 75-7; H, 88%). 

38-A cetoxy-17a-hexanoyloxy-6-methylpregn-5-en-20-one (VII; R=Ac, R’ = CO-C,H,,) 
formed needles (from methanol), m. p. 111—113°, [a],** —63° (c 0-28) (Found: C, 74-3; H, 9-3. 
C3o9H 4,0; requires C, 74-1; H, 9-5%). 

17a-Hexanoyloxy-3B-hydroxy-6-methylpregn-5-en-20-one (VII; R=H, R’ = CO-C,H,,) 
separated from aqueous methanol in needles, m. p. 152—154°, [a],,2> —56° (c 0-24) (Found: 
C, 75-7; H, 10-2. C,,H,,O, requires C, 75-6; H, 9-9%). 

17a-Hexanoyloxy-6-methylpregna-4,6-diene-3,20-dione (VIII; R=C,H,,) crystallised 
from aqueous methanol in needles, m. p. 128—130°, [a],,2* —12° (c 0-72), Amax 286-5 my (log 
e 4:38) (Found: C, 75-95; H, 8-8. C,.gH4 O, requires C, 76-3; H, 9-1%). 

17a-A cetoxy-6-methylpregna-4,6-diene-3,20-dione (VIII; R = Ac).—17a-Acetoxy-6a- 
methylprogesterone ® (0-5 g.) and chloranil (0-4 g.) in isobutyl alcohol (15 ml.) were heated 
under reflux for 10 hr. The cooled mixture was poured into dilute aqueous potassium hydroxide, 
and the product isolated with ether. Crystallisation from aqueous methanol gave the diene- 
dione in needles, m. p. 214—216°, not depressed in admixture with a specimen prepared as 
described above. 

Other Dehydrogenaiions accomplished with Chloranil.—Treatment of 6a-methylproges- 
terone,!* 68-methylandrost-4-ene-3,17-dione,!® 6a-methylethisterone,!° and 6«-methylcholest- 
4-en-3-one © with chloranil, as described above, furnished the corresponding 6-methyl-4,6- 
dien-3-ones, identified by comparison with specimens prepared by the previously described 
routes. 


The authors thank the Directors of The British Drug Houses Ltd. for permission to publish 
this work. 


CHEMICAL RESEARCH LABORATORIES, 
TuHeE British DruG Houses Ltp., Lonpon, N.1. [Received, February 8th, 1960.) 


14 Burn, Ellis, Petrow, Stuart-Webb, and Williamson, J., 1957, 4092. 
15 Turner, J. Amer. Chem. Soc., 1952, 74, 5362. 





572. Muscarufin. Part III.* The Action of Diazotised 
Anthranilic Acid on Quinols. 


By R. L. Epwarps and D. G. LEwis. 


The products obtained by the action of diazotised anthranilic acid on 
quinol, chloroquinol, 2,5-dichloroquinol, and 2-(4-carboxybuta-1,3-dieny])- 
5-chloroquinol are described. 


In Part I! it was reported that 2,5-dichloro-1,4-benzoquinone underwent arylation, on 
treatment with diazotised anthranilic acid, in an abnormal manner and with loss of 
chlorine; hence this reaction was not appropriate to a synthesis of muscarufin. The 
products obtained by subjecting quinols to the action of the same reagent have now been 
investigated. Quinol fails to couple with diazonium compounds. Orton and Everatt ? 
reported that alkaline solutions of diazonium compounds oxidise quinol to 1,4-benzo- 
quinone; also, Betollo, Polla, and Abril,? and Dobas,* have shown that mono- and di-aryl 
derivatives of quinol are produced. Betollo et al. carried out their reactions in an acid 
solution and used para-substituted anilines. In experiments in acid solution, with quinol 
and diazotised o-, m-, and p-aminobenzoic acid, we found that reaction proceeded with 
the para-compound, but that little obvious change occurred with the ortho- and the meta- 
compound. On making the solutions of the latter slightly alkaline, however, evolution of 


Part II, J., 1959, 3254. 


- 
1 Edwards and Lewis, J., 1959, 3250. 

2 Orton and Everatt, /., 1908, 98, 1021. 

3 Betollo, Polla, and Abril, Gazzetta, 1950, 80, 76. 
* Dobas, Chem, Listy, 1952, 46, 277. 
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nitrogen commenced, and signs of arylation appeared; accordingly, the reactions with 
anthranilic acid described below were carried out under weakly alkaline conditions 
(procedure A, sodium acetate buffer; procedure B, an excess of sodium hydrogen carbonate; 
these are the conditions used by Kvalnes ® and Schimmelschmidt,® respectively, in aryl- 
ations of 1,4-benzoquinones by means of diazonium compounds). 


HO,C 
(VIII) (IX) 


By procedure A, quinol gave in poor yield a red crystalline compound, C,,H,,0,N,, 
apparently a product from two mols. of anthranilic acid and one of 2’,5’-dihydroxybiphenyl- 
2-carboxylic acid. The ultraviolet spectrum (Amax, 3150 A) resembles that of azobenzene 
(Amax, 3190 A). The positions of attachment of the azo-groupings have not been found. 
Procedure B yielded a mixture of the monolactone (I) and the less soluble dilactone (II), 
separated by solvent extraction. The dilactone (II) was made by Nilsson” by reduction 
of 2,5-di-o-carbomethoxyphenyl-1,4-benzoquinone. 

Procedure A, carried out on chloroquinol, gave three identifiable products, all in poor 
yield—the azo-compound (III), the chloro-lactone (IV) and the quinone dilactone (V). 

5 Kvalnes, J. Amer. Chem. Soc., 1934, 56, 2478. 


* Schimmelschmidt, Annalen, 1950, 566, 184. 
7 Miissén, 4cla*Chem. Scand., 1956, 10, 1377. 
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Procedure B gave the chloro-lactone (IV), together with the chloro-dilactone.(VI). The 
latter is more soluble and has a higher m. p. than the known isomer (VII).” 

Procedure A, applied to 2,5-dichloroquinol, gave the quinone dilactone (V) and the 
dichloro-lactone (VIII), both in poor yield. Procedure B gave 2,5-di-o-carboxyphenyl- 
3,6-dichloro-1 ,4-benzoquinone (IX), together with some dichloro-lactone (VIII). 

It became clear that procedure B results in arylation at unsubstituted positions; it 
was therefore applied to 2-(4-carboxybuta-1,3-dienyl)-5-chloroquinol.2 Treatment of the 
product with acetic anhydride yielded a crystalline diarylated product containing chlorine, 
in which one carboxyl group had lactonised, 7.e., either (X) or (XI). Either of these 
compounds offers the prospect of preparing the compound stated by Kégl and Erxleben ® 
to be muscarufin by two simple stages, viz., alkaline hydrolysis and mild oxidation. We 
were unable to complete the synthesis from the small quantity of (X) or (XI) available; 
work is proceeding. 


EXPERIMENTAL 


Reaction of Quinol.—Procedure A. Anthranilic acid (27-4 g.) was diazotised in the usual 
way.! Saturated sodium acetate solution was added until the liquid was alkaline to Congo 
Red. The resulting solution was added all at once to a stirred solution of quinol (22 g.) in 
water (300 ml.) at 5°; stirring was continued for 90 min. The solution was filtered, set aside 
overnight, and filtered again. Acidification with hydrochloric acid precipitated an orange 
solid, which crystallised from acetic acid—-ethanol (1:1) as orange needles (0-8 g.) of an azo- 
compound, m. p. 244° (Found: C, 61-8; H, 3-7; N, 10-1. C,,H,,0O,N, requires C, 61-6; H, 3-4; 
N, 10-6%), Amax, 315 my (log ¢ 3-10). These and other spectroscopic data refer to ethanol 
solutions. 

Procedure B. A diazonium chloride solution prepared from anthranilic acid (27-4 g.) was 
added dropwise in 4 hr. to a stirred solution of quinol (22 g.) in water (300 ml.) containing 
sodium hydrogen carbonate (50 g.). The mixture was acidified with dilute sulphuric acid, and 
the precipitate was separated and extracted under reflux successively with ethanol (100 ml.) 
and acetic acid (100 ml.). The ethanol extract yielded 2-0-carboxyphenylquinol lactone (1) 
(6-5 g.), m. p. 225°, needles (from ethanol) (Found: C, 73-7; H, 3-85. C,,H,O, requires C, 
73-6; H, 3-8%), Amax, 3310 and 2630 A (log ¢ 3-79 and 4-08). The acetate formed needles (from 
ethanol), m. p. 138° (Found: C, 71-0; ‘-H, 3-9. C,,;H,,O, requires C, 70-9; H, 39%). The 
acetic acid extract furnished 2,5-di-o-carboxyphenylquinol dilactone (II) (1-6 g.), m. p. above 
400° (Found: C, 76-5; H, 3-3. C, 9H, O, requires C, 76-4; H, 3-2%). 

Reaction of Chloroquinol.—Procedure A. Chloroquinol (14-5 g.) in water (600 ml.) was 
added with stirring to a diazonium chloride solution prepared from anthranilic acid (13-7 g.) 
containing an excess of sodium acetate. The whole was stirred for 2 hr. and set aside over- 
night. The dark brown precipitate was filtered off. Acidification of the filtrate with hydro- 
chloric acid produced a brown tar which after several recrystallisations from ethanol gave 
colourless needles of 2-0-carboxyphenyl-5-chloroquinol lactone (0-8 g.), m. p. 242° (Found: C, 
63-1; H, 3-0; Cl, 144. (C,,H,O,Cl requires C, 63-3; H, 2-8; Cl, 14:-4%), Amax, 3340, 2680, 
and 2120A (log ¢ 3-67, 4:07, and 3-75). The acetate had m. p. 193° (needles from ethanol) 
(Found: C, 62-15; H, 3-3; Cl, 11-8. C,,;H,O,Cl requires C, 62-4; H, 3-1; Cl, 123%). The 
precipitate that separated after the initial reaction was extracted under reflux with acetic acid. 
The residue crystallised from anisole as yellow plates of 2,5-di-o-carboxyphenyl-3,6-dihydroxy- 
1,4-benzoquinone dilactone (0-4 g.), m. p. >400° (Found: C, 69-6; H, 2-3. Calc. for C,,H,O,: 
C, 69-8; H, 23%). After concentration, the acetic acid extract yielded orange needles (0-14 g.) 
of the azo-compound previously obtained from quinol, m. p. and mixed m. p. 244°. 

Procedure B. Chloroquinol (14-5 g.) was treated with diazotised anthranilic acid (13-7 g. of 
acid) as previously described. On acidification of the resulting solution with hydrochloric acid, 
a yellow precipitate was obtained. From this, three recrystallisations from ethanol gave 
colourless needles of 2-0-carboxyphenyl-5-chloroquinol lactone (6-2 g.), m. p. and mixed m. p. 
242°. A residue from the recrystallisation was crystallised from acetic acid, giving pale yellow 
needles (0-8 g.), m. p. 400°, of 2,3-di-o-carboxyphenyl-6-chloroquinol dilactone (Found: C, 68-8; 
H, 2-75; Cl, 10-45. CygH,O,Cl requires C, 68-9; H, 2-6; Cl, 10-2%). 

8 Edwards and Lewis, J., 1959, 3254. 

® Kégl and Erxleben, Annalen, 1930, 479, 11. 
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Reaction of 2,5-Dichloroquinol.—Procedure A (2,5-dichloroquinol, 5-3 g.; anthranilic acid, 
4-1 g.) led to a red-brown solution with a brown precipitate, which was filtered off. The solid 
was extracted under reflux with acetic acid; the extraction residue crystallised from anisole as 
yellow plates (0-5 g.), m. p. >400°, of 2,5-di-o-carboxyphenyl-3,6-dihydroxy-1,4-benzoquinone 
dilactone (Found: C, 69-6; H, 2-1%). The filtrate, after acidification with hydrochloric acid, 
deposited a solid which crystallised from ethanol in colpurless needles of 2-o-carboxyphenyl-3,6- 
dichloroquinol lactone (0-6 g.), m. p. 279° (Found: C, 55-6; H, 2-1; Cl, 25-6. C,,;H,O,;Cl, 
requires C, 55-5; H, 2-1; Cl, 25-3%). Application of Procedure B (2,5-dichloroquinol, 8-9 g.; 
anthranilic acid, 6-8 g.) resulted in a brown suspension. The solid was separated and recrystal- 
lised several times from ethanol, to give yellow plates of 2,5-di-o-carboxyphenyl-3,6-dichloro-1,4- 
benzoquinone (0-4 g.), m. p. >400° (Found: C, 57-3; H, 2-55; Cl, 16-7. C, 9H 9O,Cl, requires 
C, 57-55; H, 2-4; Cl, 17-°0%). (Hydrolysis of this quinone by cold alkali yielded 2,5-di-o- 
carboxyphenyl-3,6-dihydroxy-1,4-benzoquinone in almost quantitative yield.) Concentration 
of the mother-liquors yielded a solid which after four recrystallisations from ethanol gave 
colourless needles of 2-0-carboxyphenyl-3,6-dichloroquinol lactone (2-6 g.), m. p. and mixed 
m. p. 279°. 

Reaction of 2-(4-Carboxybuta-1,3-dienyl)-5-chloroquinol.—Procedure B (the quinol, 1-2 g.; 
anthranilic acid, 1-5 g.) gave a dark red suspension. The solid was separated and then extracted 
under reflux with chloroform; removal of solvent from the extract left a red amorphous solid. 
This was dissolved in acetic anhydride (3 ml.) containing concentrated sulphuric acid (0-05 ml.) 
by warming the whole at 40° for 1 min. The mixture was poured into water, and the dark red 
solid that separated was extracted with benzene (25 ml.) under reflux. On cooling, the extract 
deposited crystals; these were recrystallised from benzene, to yield an acetoxycarboxychloro- 
lactone as yellow needles (10-5 mg.), m. p. 238° (decomp.) (Found: C, 64:5; H, 3-4; Cl, 6°7. 
C.,H,,0,Cl requires C, 64-2; H, 3-3; Cl, 7-0%). 

DEPARTMENT OF CHEMICAL TECHNOLOGY, / 

INSTITUTE OF TECHNOLOGY, BRADFORD, 7. (Received, February 10th, 1960.]} 





573. Catalysis by Hydrogen Halides in the Gas Phase.* 
Part I. t-Butyl Alcohol and Hydrogen Bromide. 


By ALLAN MACcoLL and V. R. Stimson. 


A homogeneous, molecular, gas-phase decomposition of t-butyl alcohol 
into water and isobutene, catalysed by hydrogen bromide at 315—422°, is 
described. Possible mechanisms are discussed. 


In an attempt to find examples of acid-catalysis in the gas phase, Bell and Burnett? 
chose decompositions of molecules which contained a basic oxygen atom, e.g., paraldehyde, 
dioxan, acetaldehyde. In general the results were not very conclusive—catalysis was not 
general and when it did occur the reactions were often seriously affected by the surface of 
the reaction vessel. A similar result was found by Winkler and Hinshelwood ? for the 
reaction of methanol and hydrogen chloride in the gas phase. For the decomposition of 
acetaldehyde ” to carbon monoxide and methane at 430°, however, hydrogen bromide 
was found to be a powerful catalyst, the reaction was probably largely homogeneous and of 
first order, and its rate was roughly proportional to the pressure of hydrogen bromide. 
This result was also observed by Howlett and Barton * in their study of the decompositions 
of alkyl chlorides in the presence of acetaldehyde. Hydrogen bromide was found to be a 
more effective catalyst than hydrogen chloride by a factor of 20—40, and Bell and Burnett ” 
consider it probable that the catalysis may be attributed to its acidic properties. 


* Preliminary report, Proc. Chem. Soc., 1958, 80. 


1 Bell and Burnett, Trans. Faraday Soc., (a) 1937, 38, 355; (b) 1939, 35, 474. 
? Winkler and Hinshelwood, Trans. Faraday Soc., 1935, 31, 1739. 
* Howlett and Barton, Trans. Faraday Soc., 1949, 45, 735. 
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The thermal decomposition of t-butyl alcohol to water and isobutene has been studied 
by Schultz and Kistiakowsky ‘* in the temperature range 505—551°. The reaction is 
homogeneous and unimolecular and has an activation energy of 65-5 kcal./mole. We 
now describe a catalysed ® decomposition of this substance into the same products in the 
presence of hydrogen bromide; this occurs at temperatures of 315—425°, is homogeneous 
and molecular, and has a much lower activation energy (30-4 kcal. mole~). 


EXPERIMENTAL 


Materials.—t-Butyl alcohol, b. p. 82-1° (+0-1°)/751 mm., was obtained by fractionation of 
t-butyl alcohol (B.D.H.) through a 4-foot column of Fenske helices; its purity was checked by 
vapour chromatography. Hydrogen bromide was prepared from bromine and tetralin * and 
purified by several distillations through a trap at —80°. Cyclohexene was freed from peroxides 
and fractionated.’ 

Apparatus and Technique.—The apparatus was similar to that described by Maccoll: ® 
an aluminium-block furnace in which the temperature could be controlled to ca. 0-2° was used 
as a thermostat. The reactions were carried in all-glass vessels of ca. 250 c.c. capacity, the 
surfaces of which had been coated with the products of decomposition of allyl bromide. The 
course of a reaction was followed by observing the increase in pressure with time. Three 
vessels were used: (i) unpacked of surface : volume ratio 0-9 cm."1, and (ii) reaction vessels of 
similar capacity, packed with concentric glass tubes at even spacings, having surface to volume 
ratios of 3-5 and 7 cm.! severally. From time to time, especially with the packed vessels, 
control runs with t-butyl bromide ® were carried out in order to ensure that the surface coatings 
were in good order. The heated capillary inlet to the vessel contained a U bend which could 
be heated or cooled. 

Two methods were used to introduce the reactants: (i) Hydrogen bromide was distilled into 
the U bend, then evaporated, and its pressure was measured; it was then condensed back into 
the vessel-side of the U bend, and t-butyl alcohol was distilled into the other arm. The U bend 
was then quickly warmed, the hydrogen bromide evaporating into the vessel first. The total 
pressure was then found by extrapolation of the pressure readings to zero time. (ii) Altern- 
atively, t-butyl alcohol was distilled into the reaction vessel, and its pressure measured. 
Hydrogen bromide was then introduced from a reservoir at a higher pressure by quickly opening 
the outlet tap. Both methods gave the same result. 

When cyclohexene was added the “ distil-in ’”’ method (i) was used, a previously measured 
amount of cyclohexene being introduced with the t-butyl alcohol; when water was added, 
water and the alcohol were successively distilled into the reaction vessel, their pressure was 
measured, and then hydrogen bromide was introduced. Green and Maccoll’ detected an 
equilibrium between cyclohexene, hydrogen bromide, and cyclohexyl bromide, lying well 
towards dissociation at 350°. At 410°, then, addition of cyclohexene is not likely to reduce 
the concentration of hydrogen bromide substantially. Cyclohexene has been used successfully 
as an inhibitor # up to 418°. 

Kinetic Measurements.—As the pressure increased by an amount nearly equal to that of the 
t-butyl alcohol used, the pressure of this substance at time ¢ was calculated from ppy = 2f9 — 
f., where #; is the total pressure at time ¢#, and p» the initial pressure. The reaction was found 
to follow the first-order rate law up to about 50% decomposition. The fall-away from first- 
order behaviour towards, the end of the reaction is due, at least partly, to the fact that PylPo 
~1-86 + 0-02 (mean of 14 values at various temperatures) (p; = final pressure). This ratio 
was apparently not changed by alterations in temperature or in the relative proportions of the 
reactants. A value of p;/p) of 1-8—1-9 has usually been found for the decompositions of the 


4 Schultz and Kistiakowsky, J. Amer. Chem. Soc., 1934, 56, 395. 

’ Hinshelwood, “ Kinetics 6f Chemical Change,” Oxford, 1940, p. 240. 

® Vogel, ‘‘ Practical Organic Chemistry,’ Longmans, Green and Co., London, 1957, p. 182. 
7 Green and Maccoll, J., 1955, 2449. 

§ Maccoll, J., 1955, 965. 

® Harden and Maccoll, J., 1955, 2454. 

1@ Maccoll and Thomas, /., 1957, 5033. 
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alkyl bromides."* The difference between this value and that expected, viz., 2-0, has been 
attributed to the dead space, polymerisation of the products, and establishment of an equili- 
brium, etc. The equilibrium between t-butyl bromide, isobutene, and hydrogen bromide has 
been measured !2 and makes it clear that at the temperatures used in this work the association 
of isobutene and hydrogen bromide is negligible. Calculation, using Allen’s formula, shows 
that a dead space of 5% would be necessary to reduce p;/p,) to 1-87. The pyrolysis of iso- 
butene ™ occurs at temperatures above 600° with an activation energy of ca. 55 kcal. mole™, 
and its polymerisation 1° at these temperatures occurs only at high pressures. Steacie and 
Shane ?* found that ca. 0-1% of di-isobutene was formed in 60 min. at 400° at an initial pressure 
of 60cm. of isobutene. Schultz and Kistiakowsky ‘ found very little decomposition of isobutene 
at 505—551° under conditions similar to those of the present experiments. No induction 
periods were observed. 

Reliability of the Rate Constants.—In general, the consistency of reproduction of the rate 
constant was not good (Table 1), the variation being over a range of ca. 10%, which is slightly 


TABLE 1. Effect of hydrogen bromide on the rate of dehydration of t-butyl alcohol 
at 370°. 


Pusr Psuon 10°, 10°, /Pusr Pur Pauon 10°, 10°, /Pupr 

(mm.) (mm.) (sec.~) (sec.-!/mm.) (mm.) (mm.) (sec.-*) (mm. sec.~) 

23 316 20 8-7 273 é 8-6 

39 247 31 8-0 238 . 

40 71 33 8 341 . 

46 243 33 “ 210 

48 331 43 . 315 

55 (b) 361 43 . 504 

63 374 56 ° 276 (b) 273 . 

Mean 8-2 + 0-4 
Runs marked (b) were performed by using the “‘ blow-in’”’ technique (ii); otherwise the ‘‘distil-in ” 

method (i) was used. 


greater than is usually found in this type of work.* In addition to the usual sources of error, 
e.g., the nature of the surface, the dead space, p;/p, being less than 2, temperature control, 
determination of ¢) and po, there is the difficulty of ensuring the proper mixing of the two 
reactants at the start of the reaction. However, within this rather large error-range similar 
rate constants have been found in a large number of experiments using different surface coatings. 

At 410° and 422° corrections, never amounting to more than 4% of the rate, were necessary, 
in order to allow for the uncatalysed decomposition of t-butyl alcohol. 

Analysis of the Products.—t-Butyl alcohol (316 mm., 126-5 mg.) and hydrogen bromide 
(27 mm.) were allowed to react to completion at 410°. The products were expanded directly 
into a 5-l. bulb containing magnesium perchlorate (10 g.) and calcium oxide (1 g.) and set aside 
for 3 hr., and the remaining gas was then trapped and weighed (Found: 97 mg., 101% as 
isobutene). This gas was identified as isobutene by vapour chromatography. Not even 
traces of hydrogen or hydrocarbon other than isobutene were detected. From a similar 
experiment the products were trapped at liquid-air temperature, and the system swept with 
dry nitrogen. Water was then determined by microanalysis and collection on magnesium 
perchlorate (Found: 29mg. Calc.: 34 mg.; yield 86%). 


* Note added in proof: Barnard (Trans. Faraday Soc., 1959, 55, 947) has now verified the uni- 
molecular nature of the t-butyl alcohol decomposition, but finds k, = 10'S! exp (—54,500/RT) sec.-}, 
the rate, frequency factor, and activation energy being lower than those found by Schultz and Kistia- 
kowsky; Thomas (personal communication) has observed an activation energy of ca. 60 kcal. mole™}. 
These altered values do not effect the present arguments. 


1 For leading references see: Daniels and Goldberg, J. Amer. Chem. Soc:, 1957, '79, 1314; Maccoll 
et al., J., 1955 et seq. 

12 Kistiakowsky and Stauffer, J. Amer. Chem. Soc., 1937, 59, 165; Howlett, J., 1957, 2834. 

13 Allen, J. Amer. Chem. Soc., 1934, 56, 2053. 

4 Hurd, “‘ The Pyrolysis of Carbon Compounds,” Reinhold, New York, 1929, p. 78; Hurd and 
Spence, J. Amer. Chem. Soc., 1929, §1, 3561; Hurd and Blunck, ibid., 1937, 59, 1869. 

18 McKinley, Stevens, and Baldwin, J. Amer. Chem. Soc., 1945, 67, 1955. 

16 Steacie and Shane, Canad. J. Res., 1938, 16, B, 210. 
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RESULTS AND DISCUSSION . 


Hydrogen bromide catalyses the decomposition of t-butyl alcohol at 217—422° at 
measurable rates, whereas the uncatalysed decomposition does not occur at an appreciable 
rate below 450°. The reaction is stoicheiometrically 


C4HyOH + HBr = C,H, + H,O + HBr 


The reaction follows the rate equation —d[{Bu'OH]/dt = k,{Bu'‘OH][HBr]. Individual 
runs are of the first order and the first-order rate constants so obtained are proportional 
to the pressure of hydrogen bromide, without significant variation, for pressures of 71—500 
mm. of the alcohol and 23—270 mm. of hydrogen bromide (Table 1). The reaction is 
homogeneous between 315° and 422°, since increases of surface : volume ratio by factors 


The Arrhenius plot between 315° and 422°. 


log r/ [HBr] 


N 
Oo 








rs 
10®/Temp. (°k) 


of 4 and 8 do not alter the rate significantly (Table 2). However, at temperatures below 
315° a heterogeneous reaction appears; at 267° about half, and at 217° probably all, of 


TABLE 2. Rates in packed vessels. 


Ratio of rates Ratio of rates 
No. of  10°R,/pasr in packed and No. of 107k,/Pusr in packed and 


Temp. runs (mm. sec.~!) unpacked vessels Temp. runs (mm. sec.~') unpacked vessels 
S/V = 3-5 cm. S/[V = 7cm.* 
370° 3 78 95 370° 4 130 1-6 
315 3 12- -09 315 4 18 
3 6- ; 267 4 
3 2- ° 217 2 


S = Surface; V = volume. 


10 
75 


267 
217 


the reaction takes place on the surface. Evidently the heterogeneous reaction has the 
same kinetic form as the homogeneous reaction, for, at 267°, the first-order rate constant 
is proportional to the pressure of hydrogen bromide, for pressures of 53—536 mm. of 
hydrogen bromide and 124—537 mm. of t-butyl alcohol (14 runs). 

The Arrhenius equation, obeyed between 315° and 422° (see Table 3 and Figure), gives 
k, = 9-22 x 10! exp (—30,400/RT) mole ml. sec.. As Schultz and Kistiakowsky give 
k, = 4:8 x 10" exp (—65,500/RT) sec.1 for the uncatalysed decomposition at tem- 
peratures above 500°, the catalysis is accompanied by a marked decrease in activation 
energy. Below 315° the Arrhenius plot curves towards lower activation energies and E 
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for the surface reaction is probably ca. 10 kcal. mole. Bell and Burnett have calculated 
that the energy required for the formation of a reasonable dipole is 5 kcal. mole™ less at 
the surface of the reaction vessel than in the gas phase. 


TABLE 3. Variation of rate with temperature. 


No. of 10°, /Pupr k,/Puer No. of 1072, /Puer k,/Pusr 
Temp. runs (mm. sec.~') (sec.-! mole ml.) Temp. runs (mm. sec.) (sec.-? mole ml.) 
422-7° 3 570 2460 344-4° 2 33 128 
410-4 3 340 1440 328-5 3 18-3 69 
396-6 5 207 860 315-0 4 11-7 43 
383-4 5 138 570 267-0 14 2-8 9-5 
370-6 13 82 330 217-2 4 0-83 2-5 
359-1 2 60 236 
TABLE 4. Rates with added cyclohexene at 410° and water at 370°. 
10°, /Pupr 10°, /Pusr 
Poa, Pasr Pauon (mm.sec.) py/po Pu.o §=pPusr pPauon (mm. sec.~) Pylb 
66 27 413 37 35 147(b)* 164 7-3 
160 24 313 35 256 174 (b) 191 8-3 1-90 
180 27 212 35 1-86 382 60 (b) 145 7-0 
205 38 269 31 
206 24 80 27 * (b): see Table 1. 


Addition of cyclohexene (66—206 mm.) has no marked effect on the rate at 410° (see 
Table 4). As cyclohexene is a powerful inhibitor of the chain mechanisms in decom- 
positions of alkyl bromides proceeding by dual unimolecular-radical chain mechanisms,” 
its lack of effect suggests a molecular mechanism in this case. Addition of water (35— 
382 mm.) has no effect on the rate at 370° (Table 4). 

Apparently similar reactions, faster with hydrogen iodide and slower with hydrogen 
chloride, have been observed but not confirmed. The former case is complicated, however, 
by the production of iodine, which may arise from isobutene and hydrogen iodide in a 
manner analogous to that found by Holmes and Maccoll for propene.'® 

Three mechanisms for the reaction seem inherently likely: (i) t-Butyl bromide and 
water might be formed by the reaction Bu'OH + HBr = Bu'Br + H,O. Under the 
conditions of the present experiments t-butyl bromide ® decomposes into isobutene and 
hydrogen bromide at measurable rates at temperatures of 230—280° with an activation 
energy of 42 kcal. mole", so that at 315°, the lowest temperature where the reaction is 
homogeneous, its decomposition would be instantaneous, and thus the concentration of 
hydrogen bromide and the first-order increase in pressure unimpaired. A four-centre 
transition state (IA) for reaction (i) is not likely because of the steric resistance to approach 
of a large bromine atom to the central carbon atom of a t-butyl group. On this side of 
the t-butyl alcohol molecule the bromine must approach under the influence of the 
similarly electronegative oxygen rather than of the carbon, reaching the van der Waals 
radius of the former when the internuclear distance from the latter is still 3-98 A, if an 
undistorted molecule is considered. Moreover, the valency forces of the central carbon 
atom are not favourably disposed towards additional bonding on this side.” As Meer 
and Polanyi” have pointed out, the dipole field of the t-butyl alcohol molecule will cause 
the most likely approach of hydrogen bromide to be as in (IB). The consequences of 
such a reaction scheme lead to a greater energy discrepancy than is found for case (iii) 
(below). 

If the formation of the transition state depends merely on the polar conjunction of the 
two molecules, and the time for this process is of the order of the time between collisions, 

17 Green and Maccoll, ref. 8; Maccoll and Thomas, J., 1957, 5033. 

18 Holmes and Maccoll, Proc. Chem. Soc., 1957, 175. 


1® Cowdrey, Hughes, Ingold, Mastermann, and Scott, J., 1937, 1252. 
20 Meer and Polanyi, Z. phys. Chem., 1932, B, 19, 164. 
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water (4 = 1-84), a molecule more polar than t-butyl alcohol (u = 1-66), might be expected 
to destroy the transition state before reaction could take place. Experimentally, water 
produced in the reaction, or added initially, has no effect on the rate (Table 4). This fact 
also rules out the scheme 


k k 
ButOH + HBr === H,O + Bu'Br ——t H,O + CMe,:CH, + HBr 
ks 


with k, > k, and ks. While reaction (i) is kinetically feasible, the detailed mechanism by 
which it might take place gives rise to considerable difficulty. 

(ii) A six-membered ring transition state (IIA) may be envisaged whereby the bromine 
atom makes a nucleophilic attack on a hydrogen attached to Cg by means of its lone-pair 
electrons, while the oxygen atom is protonated by the hydrogen atom. The polarity of 
the hydrogen bromide molecule fits such a scheme. This transition state is somewhat 
analogous to that proposed *! for the pyrolysis of esters (IIB). Contributing factors to the 
transition state (IIA) would be: the energy of heterolytic dissociation of hydrogen bromide, 
the basicity of the oxygen atom in t-butyl alcohol, the nucleophilic power of the bromine 
atom, and the energy of dissociation of the @-carbon—hydrogen bond. 


CH;—C — OH, 
CH; (111) 


(iii) Protonation at the oxygen atom of t-butyl alcohol by the hydrogen bromide 
accompanied by ion-pair formation (III). Recent reviewers * of the unimolecular gas- 
phase eliminations of alkyl halides have emphasised their close resemblance to the corre- 
sponding reactions in solution and have proposed a heterolytic mechanism accompanied 
by ion-pair formation. The energy discrepancy in the present case is considerable. 
Whereas 312 kcal. are required for the heterolysis of hydrogen bromide,” the major energy 
contributions to this transition state are: the activation energy, 30 kcal.; the formation 
of an O-H bond, ca. 100 kcal.; and the coulombic energy of an ion-pair, say, 3 A separation, 
110 kcal. A continuous range of possible transition states may be envisaged between 
(II) and (IIT). 
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574. Synthetical Studies of Terpenoids. Part V.1 A New Synthesis 
of (+)-68-Acetoxy-5,5,98 -trimethyl-trans-2-decalone. 
By SARAN ADHAR NARANG and PHANINDRA CHANDRA DuTTA. 


A new synthesis of the compound named in the title begins with prepar- 
ation of the ketone (II) and its condensation with 2-chloroethyl ethyl ketone. 


As the first stage in a new synthesis of 6-hydroxy-5,5,98-trimethyl-trans-2-decalone, 
ethyl 5,5-ethylenedioxy-2 Hem enrerwery ier sregt obtained by cyclisation of diethyl 
yy-ethylenedioxypimelate,? was methylated im situ in very good yield. Alkaline hydrolysis 
of the product (I) yielded the keto-ketal (II), which on removal of the ethylenedioxy-group 
gave 2-methylcyclohexane-1,4-dione.?- With 2-chloroethyl ethyl ketone in the presence 
of sodamide * the ketal (II) yielded a viscous liquid, whence cyclisation with methanolic 
alkali afforded the «$-unsaturated keto-ketal (III), the yield depending on the purity of 
the chloro-ketone. The structure of compound (III) was prov ed by its spectral properties 
[Amax. 247 my (log ¢ 4-15), vmax. 1660 cm.-1] and by conversion into the solid diketone (IV), 
the latter being reduced and dehydrogenated by selenium to 1-methylnaphthalene. 
Methylation ® of compound (III) gave an oil from which a solid was isolated. ‘‘ Over- 
methylation ”’ ® led at first to poor yields but finally conditions were found affording 40% 
of the trimethyl ketone (VI). 


Me 
Os OL, “chO. O@u 
Me <.” 
(V) 


(1) _ =CO,Et (III) (IV ) 
(II) R=H 
re) Me Me Me Me 


3 oe 3 Ss oe “ig 


Me, H Me 


e2 e2 
(V1) (VII) R=H (IXa) an 
(VIII) R=Ac 


H Me, 
(X) xn in” 


Me 


The trimethyl ketone (VI) was reduced with sodium and ethanol with a view of obtain- 
ing the 38-alcohol (VII). The product gave an oily acetate (VIII), which was difficult to 
hydrogenate and was therefore hydrolysed to the acetoxy-ketone (IX). The absorption 
[Amax, 229 my (log ¢ 3-45)] of this ketone indicated partial migration 7° of the double bond 
into conjugation with the carbonyl group. The compound, however, formed only one 
(red) 2,4-dinitrophenylhydrazone, evidently owing to the electron-withdrawing effect of 
the dinitrophenylhydrazono-moiety.2 The ketone (IX) was only slowly hydrogenated 
in presence of palladium-charcoal in ethanol; extensive chromatography afforded a solid 
Part IV, Mukherjee and Dutta, /J., 1960, 67. 

LukeS, Poos, and Sarett, J. Amer. Chem. Soc., 1952, 74, 1401. 
Segre, Viterbo, and Parisi, J. Amer. Chem. Soc., 1957, 79, 3503. 
Chakrabarti, Dutt, and Dutta, /., 1956, 4978. 

Conia, Bull. Soc. chim. France, 1954, 690, 943. 

Sondheimer and Elad, J. Amer. Chem. Soc., 1957, '79, 5542 
Halsall, Rodewald, and Willis, J., 1959, io 

Soffer and Jevnik, J]. Amer. Chem. Soc., 1955, 77, 1003. 
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ketone, m. p. 147—148°, vmax. 1710 (CO), 1380 and 1360 cm. (gem-Me,), in a very poor 
yield giving a yellow 2,4-dinitrophenylhydrazone, m. p. 238—239°. Analyses of the solid 
ketone and of its derivative corresponded to formula (X) but its properties differed from 
those of an authentic sample and also from those of the isomeric cis-decalone 7 (m. p. 111°) 
and the corresponding decalin-3-ones ! (m. p.s 111—112° and 113°). Because of consider- 
able aerial oxidation of the unsaturated ketones, particularly the unsaturated diketone 
(see below), and the poor and variable yield, no definite structure could be assigned to this 
ketone. Finally, the unsaturated acetoxy-ketone (IX) was hydrogenated in acetic acid 
over Adams platinum catalyst and the crude product was reoxidised, affording the acetoxy- 
trans-decalone (X), whose identity has been established by a mixed-melting-point determin- 
ation (by courtesy of Dr. T. G. Halsall). 

Removing the ethylenedioxy-group from the keto-ketal (VI) yielded an oil, Amax. 
247 my (log ¢ 3-5), which when kept in cold light petroleum furnished a small quantity of a 
solid, m. p. 62—63°, that had no absorption in the region 240—250 my. In contact 
with air this in turn changed to a paste which, however, was sparingly soluble in light 
petroleum; crystallisation then afforded a crystalline triketone (XI), m. p. 157°, Amax. 215, 
249, and 228 mu (log « 3-8, 4-0, and 4-32) in presence of alkali, vax, 3448 (OH), 1724 and 
1645 cm.1, evidently formed by aerial oxidation of the unsaturated diketone. In confirm- 
ation, the triketone was obtained when air was passed through an alkaline solution of 
the pure diketone. The triketone (XII) developed a reddish-violet ferric chloride colour 
in alcoholic solution and this coupled with infrared absorption shows that the enolic form 
(XII) is present in appreciable amount.® 


EXPERIMENTAL 

Ultraviolet light absorption data refer to EtOH solutions. Light petroleum refers to the 
fraction with b. p. 40—60°. Alumina used for chromatography was prepared as described by 
Gaspert et al.1° 

Diethyl yy-Ethylenedioxypimelate—8-Furylacrylic acid (160 g.) afforded diethyl y-oxo- 
pimelate (250 g.), b. p. 160—164°/6 mm. (yellow 2,4-dinitrophenylhydrazone, m. p. 81—82°; 
lit.,14 82—83°). This gave diethyl yy-ethylenedioxypimelate (200 g.), b. p. 140—145°/0-5 mm., 
along with a higher-boiling fraction (70 g.) that furnished diethyl y-oxopimelate (35 g.) when 
refluxed with alcohol (350 c.c.) and concentrated sulphuric acid (15 c.c.) for 6 hr. 

Ethyl 5,5-Ethylenedioxy-1-methyl-2-oxocyclohexanecarboxylate (I).—To sodium ethoxide 
[from sodium dust (24-5 g.) and alcohol (64 c.c.) under benzene (200 c.c.)], a solution of diethyl 
yy-ethylenedioxypimelate (200 g.) in benzene (550 c.c.) was added. The mixture was refluxed 
for 3 hr. During the last 2 hr. benzene (500 c.c.) was gradually distilled off, and at the same 
time benzene (500 c.c.) was added slowly to the refluxing solution. The mixture was then 
cooled below 0° and methyl iodide (150 c.c.) was added slowly. The mixture was left over- 
night at room temperature, then refluxed for 2 hr. and decomposed with 5% sodium carbonate 
solution (400 c.c.). The dark-brown layer was taken up, and the aqueous layer extracted 
twice, with benzene. The combined benzene layers were washed once with water and 
evaporated. Distillation of the residue gave the ester (I) (120 g.), b. p. 148—150°/5 mm., 
cubes (from light petroleum), m. p. 72° (Found: C, 59-5; H, 7-3. C,.H,,0,; requires C, 59-5; 
H, 7-5%). 

4,4-Ethylenedioxy-2-methylcyclohexanone (I1).—The ester (I) (120 g.) was refluxed with 
10% aqueous potassium hydroxide (720 c.c.) for 16 hr., then saturated with sodium chloride 
and extracted with ether’ The extract was washed with water, dried (Na,SO,), and evaporated. 
The residue was distilled, to afford 4,4-ethylenedioxy-2-methylcyclohexanone (70 g.), b. p. 988— 
100°/4 mm. (Found: C, 63-5; H, 8-55. C,H,,O, requires C, 63-5; H, 83%). 

The product (2 g.) was refluxed in dry acetone (20 c.c.) containing toluene-p-sulphonic acid 
(75 mg.) for 3 hr. The solvent was removed in vacuo at <40° and the residue was washed 
in ether with 5% sodium hydrogen carbonate solution, recovered, and crystallised from light 
petroleum, affording methylcyclohexane-1,4-dione, m. p. 47° (lit., 47—48°). 

* Henecka, Chem. Ber., 1948, 81, 190; Baran, J. Amer. Chem. Soc., 1958, 80, 1687. 

10 Gaspert, Halcall, and Willis, J., 1958, 624. 

Gardner, Rand, and Haynes, J. Amer. Chem. Soc., 1956, 78, 3425. 
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6,6-Ethylenedioxy-1,108-dimethyl-A™-octal-2-one (III).—To freshly prepared sodamide 
(16-5 g.) under ether (750 c.c.) the ketone (II) (60 g.) was slowly added. After 2 hours’ refluxing 
with constant stirring, the volume of ether was reduced to half and the residue cooled below 0°. 
Freshly distilled 2-chioroethyl ethyl ketone (55 g.), b. p. 85—86°/35 mm., was added dropwise 
with vigorous stirring, and refluxing was continued for a further 2 hr. The mixture was then 
further concentrated, kept overnight, and decomposed with ice-cold 5% sodium carbonate 
solution. The ethereal layer was separated, the aqueous layer extracted twice with ether, and 
the combined extracts were washed with water and dried (Na,SO,). On distillation, unchanged 
ketone (II) (10 g.) was recovered. The residue was refluxed with potassium hydroxide (50 g.) 
in methanol (950 c.c.) for 6 hr. under nitrogen. Methanol (600 c.c.) was distilled off, and the 
residue cooled to room temperature and diluted with water. The mixture was then saturated 
with sodium chloride and extracted with ether thrice. The ethereal solutions were washed 
with water, dried (Na,SO,), and evaporated. Distillation gave the octalone (III) (30 g.), b. p. 
140—142°/0-3 mm., cubes (from light petroleum), m. p. 61—62° (Found: C, 71-2; H, 8-3. 
C,4H2 oO, requires C, 71-2; H, 8-5%). This readily afforded a semicarbazone as needles (from 
methanol), m. p. 208—209° (Found: C, 61-1; H, 7-7. C,;H,,;0,N, requires C, 61-4; H, 7-9%). 

1,108-Dimethyl-A10%-octalin-2,6-dione (IV).—The foregoing ketone (III) (1 g.) in dry acetone 
(20 c.c.) and toluene-p-sulphonic acid (75 mg.) were refluxed for 3 hr. The diketone (IV) crystal- 
lised in needles (750 mg.), m. p. 103—104°, from light petroleum (Found: C, 74-9; H, 8-6. 
C,,H,,O, requires C, 75-0; H, 8-4%). 

This diketone (600 mg.) was treated in ethanol with sodium borohydride (400 mg.), kept 
overnight, diluted with water, and decomposed with concentrated hydrochloric acid. The 
aqueous solution was saturated with sodium chloride and extracted with ether. The gum left 
on removal of the solvent was heated with selenium (1-5 g.) in a sealed tube at 300—325° for 
50 hr. The purified hydrocarbon was converted into a picrate, which on crystallisation from 
ethanol melted at 139—140° (lit., 140—141°), alone or mixed with authentic l-methylnaphthalene. 

6,6-Ethylenedioxy-1,1,3,3,108-pentamethyl-A’-octal-2+one (V) (?).—To an ice-cold solution of 
potassium 1,l-dimethylpropyl oxide (prepared from potassium, 2-7 g.) in benzene (150 c.c.) the 
ketone (ITI) (5 g.) was added dropwise with occasional shaking. The mixture was kept at 50—60° 
for an hr., cooled in ice, treated with methyl iodide (5 c.c.) dropwise, and refluxed for 2 hr. 
It was then poured into ice-cold 5% sodium carbonate solution. The organic layer was washed 
with water and dried (Na,SO,). It furnished an oil (4 g.), b. p. 150—152°/0-5 mm. Oncooling, 
part of it solidified (1 g.) and this on repeated crystallisation from dilute methanol gave what 
was probably the pentamethyl ketone as needles, m. p. 82—83° (Found: C, 73-4; H, 9-35. 
C,,H2,0, requires C, 73-3; H, 9-4%). 

6,6-Ethylenedioxy-1,1,108-trimethyl-A®-2-octalone (V1).—The ketone (III) (18 g.) in t-butyl 
alcohol (200 c.c.) was treated with potassium t-butyl oxide (prepared from potassium, 5 g.) in 
the same solvent (250 c.c.) and stirred at room temperature for 2 hr. under nitrogen. Methyl 
iodide (24 c.c.) was added and stirring continued overnight. The mixture afforded an oil 
(19 g.) which was passed in light petroleum (40 c.c.) through alumina (600 g.). Elution was 
first with the same solvent, which removed an oil (9 g.) in four fractions (40 c.c. each). 
Elution next carried out with benzene-—light petroleum (1: 1) and finally with benzene gave the 
unchanged ketone (III), m. p. 61—62°, in the later fractions. The first four fractions were 
combined and rechromatographed, affording the octalone (V1) (7 g.), b. p. 138°/0-5 mm. (Found: 
C, 72:0; H, 8-8. C,;H,,O, requires C, 72-0; H, 8-9%), vmax, 1710 (CO), 1380 and 1364 cm. 
(gem-Me,). 

6,6-Ethylenedioxy-1,1,108-trimethyl-A$-octalin-68-ol (VII).—Sodium (5-6 g.) was added to dry 
ethanol (70 c.c.) containing the ketone (VI) (10 g.). After the vigorous reaction, the mixture 
was heated to dissolve the remaining sodium. The excess of ethanol was then steam-distilled. 
The alcohol (8 g.), extracted with ether, had b. p. 148—150°/0-3 mm. (Found: C, 71-4; H, 9-45. 
C,;H.,O; requires C, 71-4; H, 9-6%), vmax, 3630 (OH) and 1380 and 1360 cm. (gem-Me,). 

68-A cetoxy-5,5,98-trimethyl-A‘-2-octalone (IXa) and its A’-Isomer (IXb).—The alcohol (VII) 
(8 g.) was dissolved in pyridine (24 c.c.) and cooled below 0°. A mixture of acetyl chloride 
(12 c.c.) and acetic anhydride (16 c.c.) was added slowly. Ether (80 c.c.) was added and the 
mixture kept overnight at room temperature. 6(-Acetoxy-2,2-ethylenedioxy-5,5,98-trimethyl- 
A*-octalin (8-5 g.) distilled at 140—142°/0-2 mm. (Found: C, 69-45; H, 9-0. C,,H,,O, requires 
C, 69-4; H, 8-9%). This was refluxed in acetone (80 c.c.) for 3 hr. with toluene-p-sulphonic acid 
(300 mg.). The oily product (7 g.) was chromatographed in light petroleum (10 c.c.) on alumina 
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(200 g.). Elution with light petroleum—benzene (1 : 1) failed to afford a solid product. The oil 
collected by chromatography gave a mixture of the ketones ([Xa and b) (5-5 g.), b. p. 135—137°/0-2 
mm. A 2,4-dinitrophenylhydrazone formed red needles, m. p. 257—258° from chloroform-light 
petroleum (Found: C, 58-8; H, 6-2. C,,H,.O,N, requires C, 58-6; H, 6-1%). 

68-A cetoxy-5,5,98-trimethyl-trans-2-decalone (X).—The mixture obtained as in the preceding 
paragraph (2 g.) in acetic acid (30 c.c.) in presence of Adams platinum catalyst (300 mg.) 
(previously saturated with hydrogen) rapidly absorbed 2 mols. of hydrogen. Working up in 
the usual way gave an oil (1-8 g.) which was oxidised in acetone (8 c.c.) by slow addition of 
chromic oxide (1-2 g.) in concentrated sulphuric acid (1 c.c.) and water (3 c.c.). The mixture 
was kept for 0-5 hr. at room temperature, then diluted with water and extracted thrice with 
ether. The crude oil (1-6 g.) obtained from this extract was chromatographed in light petroleum 
(4 c.c.) on alumina (60 g.). Elution with light petroleum (10 x 20 c.c.) afforded a gum (0-4 g.). 
A further quantity of gum (0-7 g.) was eluted by 4: 1 benzene-light petroleum. Finally elution 
with benzene (10 x 20 c.c. each) removed a solid which on repeated crystallisation from light 
petroleum afforded 68-acetoxy-5,5,98-trimethyl-tvans-2-decalone (150 mg.), m. p. 113° alone or 
mixed with an authentic sample (Found: C, 71-7; H, 9-7. Calc. for C,;H,,0,: C, 71-4; H, 
96%) [2,4-dinitrophenylhydrazone, yellow plates (from ethyl acetate-methanol), m. p. 235° 
(Found: C, 57-9; H, 6-8. C,,H,,0,N, requires C, 58-3; H, 6-5%)]. 

5,5,98-Trimethyl-A‘-octalin-2,3,6-trione (X1) and its Enolic Form (XII).—(a) The oil obtained 
on removal of the ethylenedioxy-group from the ketone (VI) (2 g.) distilled at 135— 
138°/0-4 mm., and afforded cubes, m. p. 62—63°, from ether—light petroleum. This could 
not be analysed because of its instability. It yielded the ¢rione (XI) as plates, m. p. 157—158°, 
from light petroleum (b. p. 80—100°) (Found: C, 70-9; H, 7-2. C,,;H,,O, requires C, 70-9; H, 
7:3%). The mother-liquor, left in contact with air for 7 days, slowly solidified and a further 
quantity of the same solid was obtained. 

(b) Air, purified by passage through potassium hydroxide solution, was passed through a 
solution of the oil (1 g.) used in experiment (a) dissolved in 10% alcoholic potassium hydroxide 
(5 c.c.), for 5 hr. A green colour developed and changed to brown. The product, isolated as 
usual, distilled at 120—125°/0-3 mm., afforded the triketone, m. p. and mixed m. p. 157—158°. 


One of us (P. C. D.) thanks Professor D. H. R. Barton for helpful discussions during the 
tenure of a Royal Society and Nuffield Foundation Bursary at Imperial College, London, also 
Mrs. Chhabi Dutta for carrying out the microanalyses in the micro-analytical laboratory of the 
University College of Science, University of Calcutta, and Mr. Akhil Bandhu Dutta for carrying 
out some of the analyses in this Institute. 
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575. <A Convenient Synthesis of Dibenzia,c|anthracene and 
Tribenz{a,c,h anthracene. 


By Ne. Pu. Buvu-Hoi and G. Satnt-Rur. 


DiBENZ[@,c|ANTHRACENE (I) and tribenz{a,c,hjanthracene (III) are hydrocarbons of low 
carcinogenic potency; the former, however, has recently acquired biological interest 
because of its ready fixation on skin proteins.2 The procedure generally used for their 
preparation, 7.e., Elbs reaction with 9-o-toluoyl- and 9-(2-methyl-1-naphthoyl)-phen- 
anthrene,® requires the synthesis of phenanthrene derivatives substituted in position 9. 

An easier route has now been found, making use of 1,2,3,4-tetrahydrophenanthrene 

1 Cook, Hieger, Kennaway, and Mayneord, Proc. Roy. Soc., 1932, B, 111, 455. 

2 Heidelberger et al., Cancer Res., 1951, 11, 885; 1956, 16, 442; J. Amer. Chem. Soc., 1955, 77, 
2877; 1956, 78, 3671. 


3 Bachmann, J. Amer. Chem. Soc., 1934, 56, 1363; Clar, Ber., 1929, 62, 350, 1574; Fieser and Dietz, 
Ber., 1929, 62, 1827. 
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which is known to undergo Friedel-Crafts acylation in the 9-position. 1,2,3,4-Tetra- 
hydro-9-0-toluoylphenanthrene underwent Elbs cyclodehydration with partial dehydro- 
genation, the product being converted into the hydrocarbon (I) by selenium. A similar 


gtk oe 
(II) R=Me 2 (III) 


reaction sequence was followed with 1,2,3,4-tetrahydro-9-(2,4,5-trimethylbenzoyl) phen- 
anthrene, to furnish 10,12-dimethyldibenz{a,cjanthracene (II). Tribenz{a,c,hjanthra- 
cene was prepared in the same way, starting from 2-methyl-l-naphthoy] chloride. 


Experimental.—1,2,3,4-Tetrahydrophenanthrene, b. p. 167°, m. p. 38°, was readily prepared 
by Wolff—Kishner reduction of the mixture of 1,2,3,4-tetrahydro-l- and -4-oxophenanthrene 
obtained by cyclisation of y-l- and y-2-naphthylbutyric acid (the mixture of these two acids 
resulting from reduction of the crude succinoylation product of naphthalene). It has since 
become available commercially. With tetrachlorophthalic anhydride, it formed a pale yellow 
molecular complex (1: 1), crystallising from acetic acid as pale yellow needles, m. p. 154°. A 
similar complex obtained with tetrabromophthalic anhydride formed canary-yellow needles, 
m. p. 161° (decomp. > 140°). 

1,2,3,4-Tetrvahydro-9-0-toluoylphenanthrene. To a solution of 1,2,3,4-tetrahydrophenan- 
threne (15 g.) and o-toluoyl chloride (15 g.) in carbon disulphide (150 c.c.), aluminium chloride 
(16 g.) was added in small portions with stirring, and the mixture left for 15 hr. at room tem- 
perature. After decomposition with ice, the organic, layer was washed with aqueous sodium 
hydroxide, then with water, dried (Na,SO,), and evaporated and the residue was fractionated 
in vacuo, giving the ketone (13 g.), b. p. 277°/15 mm., prisms, m. p. 91° (from hexane) (Found: 
C, 87-7; H, 6-7. C,H, 0 requires C, 88-0; H, 6-7%). 

Dibenz{a,c\anthracene (1). The foregoing ketone was gently refluxed until steam ceased to be 
evolved, and the residue was distilled in vacuo, giving a resin, which was heated for 3 hr. at 
320—350° with its own weight of selenium. The product was then taken up in benzene, the 
benzene solution filtered, and the residue obtained on evaporation was recrystallised from 
acetic acid, giving needles (10%), m. p. 205° (picrate, m. p. 207°) (lit.,4 hydrocarbon m. p. 205°, 
picrate m. p. 208°). 

1,2,3,4-Tetrahydro-9-(2,4,5-trimethylbenzoyl) phenanthrene. Prepared as above from 2,4,5- 
trimethylbenzoyl chloride (5 g.), 1,2,3,4-tetrahydrophenanthrene (4:5 g.), and aluminium 
chloride (5 g.) in methylene chloride (200 c.c.), this ketone (4 g.), b. p. 295°/20 mm., formed 
needles, m. p. 63°, from acetic acid (Found: C, 87-5; H, 7:5. C,,H,,O requires C, 87-8; 
H, 7:4%). 

10,12-Dimethyldibenz{a,c\anthracene (Il). The foregoing ketone (3 g.) was pyrolysed as 
above, giving a resin which was heated with selenium (2 g.) at 300—320° for 4 hr.; the product 
formed needles (0-2 g.), m. p. 211°, from cyclohexane (Found: C, 94-0; H, 6-0. C,,H,, requires 
C, 94-1; H, 5-9%), and gave a picrate, brick red prisms (from cyclohexane), m. p. 228° (Found: 
N, 8-1. C3 9H,,N,O, requires N, 8-1%). 

Tribenz{a,c,hjanthracene (III). 2-Methyl-l-naphthoyl chloride (7-5 g.) was condensed 
with 1,2,3,4-tetrahydrophenanthrene (6 g.) by means of aluminium chloride (7 g.) in carbon 
disulphide (250 c.c.), to give a solid crude ketone (3 g.) that was pyrolysed to an orange-red 
resin; this resin was treated with selenium in the usual way. The product crystallised from 
benzene as colourless needles (0-3 g.), m. p. 225° (lit.,5 m. p. 225—228°). 


THE Rapium InstTITUTE, THE UNIVERSITY OF Paris. [Received, December 17th, 1959.] 


* Cf. Buu-Hoi, Lavit, and Lamy, /., 1959, 1845; see also Clar, Ber., 1929, 62, 350, 1574. 
5 Bachmann and Pence, J. Amer. Chem. Soc., 1937, 59, 2339; Fieser and Dietz, Ber., 1929, 62, 1827. 
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576. Partial Racemisation accompanying the Acid Hydrolysis of 
Dibenzoyl-D-cystathionine and -lanthionine. 


By D. McHate, P. Mama tis, and J. GREEN. 


It is shown that acid hydrolysis of dibenzoyl-p-cystathionine or 
-lanthionine is accompanied by partial racemisation. An unsuccessful 
attempt has been made to show that the enzymic synthesis of dibenzoyl- 
cystathionine dianilide is stereospecific for the L-isomer. Acid-hydrolysis of 
this dianilide and the similarly prepared dibenzoyl-t-lanthionine dianilide 
gives partially racemic products. 


A NON-STEREOSPECIFIC enzymic synthesis of dibenzoyl-1-allocystathionine monoanilide 
(cf. Behrens, Doherty, and Bergmann! and Doherty and Popenoe *) or alternatively 
partial racemisation during its hydrolysis (cf. Murachi %) would account for Schéberl and 
Tauber’s failure * to obtain pure L-allocystathionine from it. We have examined the 
similar reaction of dibenzoyl-pL-cystathionine with aniline in the presence of papain to 
ascertain whether this reaction is stereospecific for the L-isomer. An attempt has also 
been made to apply the enzymic synthesis of anilides to the separation of the lanthionines 
(cf. Izumi 5). 

pL-Methionine was reduced by sodium in liquid ammonia to DL-homocysteine which was 
converted * into a mixture of DL- and Dt-allo-cystathionine and benzoylated. After 
extraction of the dibenzoyl-pt-allocystathionine with dry acetone, the dibenzoyl-pL- 
cystathionine was incubated with aniline.in the presence of papain at pH 5. Dibenzoyl-L- 
cystathionine dianilide separated and was collected: acidification of the filtrate gave 
dibenzoyl-p-cystathionine. 

pDL-Methionine was resolved by Dekker and Fruton’s method ® and the D-isomer con- 
verted into a mixture of pD- and L-allocystathionine which was separated by Armstrong’s 
method ? and then benzoylated. The separation was also achieved by fractional crystallis- 
ation of the dibenzoyl derivatives. Dibenzoyl-p-cystathionine obtained by both these 
routes had the same optical rotatory power as that obtained from dibenzoyl-p1- 
cystathionine. Dibenzoyl-L-cystathionine was obtained in a similar manner from L- 
methionine. Esterification with diazomethane and treatment with hydrazine hydrate 
gave dibenzoyl-L-cystathionine dihydrazide which was converted into the diazide and 
treated with aniline. Although the resulting compound gave a poor analysis for the 
dianilide, a mixture with a specimen of the dianilide, obtained by the papain route, melted 
without depression. The compound obtained by the azide route had a slightly higher 
optical rotatory power. 

Acid-hydrolysis of the dianilide from the papain route gave a partially racemic product 
but, since the acid-hydrolysis of dibenzoyl-p-cystathionine was also accompanied by some 
racemisation, no conclusions as to the optical purity of the dianilide could be reached. 
This partial racemisation during the acid-hydrolysis of dibenzoyl-p-cystathionine was 
unexpected but it is interesting that Dekker and Fruton® obtained partially racemic 
p-methionine by the acid-hydrolysis of dibenzoyl-p-methionine and that Izumi’s values 5 
for the optical rotatory power of (+-)- and (—)-diaminopimelic acid, obtained by acid- 
hydrolysis of (-+)-di(benzamido)pimelic acid and (—)-di(benzamido)pimelic dianilide, 
were lower than those obtained by Work, Birnbaum, Winitz, and Greenstein § by resolution 
of DL-diaminopimelic diamide with hog-kidney amidase. 

Behrens, Doherty, and Bergmann, J. Biol. Chem., 1940, 186, 61. 
Doherty and Popenoe, J. Biol. Chem., 1951, 189, 447. 

Murachi, Arch. Biochem. Biophys., 1956, 61, 468. 

Schéberl and Tauber, Annalen, 1956, 599, 23. 

Izumi, J. Chem. Soc. Japan, Pure Chem. Sect., 1954, '75, 1152. 
Dekker and Fruton, /. Biol. Chem., 1948, 178, 471. 


Armstrong, J. Org. Chem., 1951, 16, 433. 
Work, Birnbaum, Winitz, and Greenstein, J. Amer. Chem. Soc., 1955, '77, 1916. 
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Dibenzoyl-pL-allocystathionine, when treated with papain and aniline, gave a mixture 
of monoanilides which was not separable by fractional crystallisation. 

A mixture of pi-lanthionine and meso-lanthionine was prepared from S-benzyl-DL- 
cysteine by Schéberl and Wagner's «-acetamidoacrylic acid route,® converted into the 
dibenzoyl derivatives, and incubated with aniline in the presence of papain at pH 5. 
Dibenzoyl-t-lanthionine dianilide and dibenzoyl-meso-lanthionine monoanilide were 
precipitated, and were separated by crystallisation: acidification of the filtrate gave a 
mixture of dibenzoyl-p-lanthionine and dibenzoyl-meso-lanthionine which was not com- 
pletely separated on re-treatment with aniline and papain. Separation of this mixture 
was achieved by differential acidification of a solution in ammonia. Dibenzoyl-meso- 
lanthionine separated as a monohydrate, m. p. 127—128° and 200—201° (decomp.) (water 
was evolved at the first melting point and the sample resolidified). The formation of a 
hydrate accounts for the divergent reports in the literature on the melting point of 
dibenzoyl-meso-lanthionine (cf. Alderton and Fevold "). 

As was the case with the cystathionines, acid-hydrolysis of both dibenzoyl-L-lanthionine 
dianilide and dibenzoyl-p-lanthionine gave partially racemic products. 

A sample of pure dibenzoyl-p-lanthionine on hydrolysis and benzoylation lost 25% of 
its optical rotatory power. 


EXPERIMENTAL 


0-1N-Sodium dihydrogen phosphate buffer of pH 5 was used throughout. Unless otherwise 
stated, rotations were measured for N-sodium hydroxide solutions (c 1). 

a-Acetamidoacrylic Acid.—Freshly distilled pyruvic acid (62 g.), acetamide (76 g.), and 
toluene (250 ml.), in a flask fitted with a Dean-Stark head, were stirred under reflux until water 
entrainment ceased (ca. 4hr.). After cooling, the solid was collected and decolorised by washing 
with ethyl acetate. «a«-Di(acetamido)propionic acid (74 g.), m. p. 181° (decomp.) [lit.,14 m. p. 
189—190° (decomp.)], remained and was converted into «-acetamidoacrylic acid (33-4 g.), m. p. 
196—197° (decomp.) [lit.,4 m. p. 198—200° (decomp.)], by suspension in cold acetic acid, 
boiling for 8 min., and rapid cooling. 

Dibenzoyl-pi-cystathionine and Dibenzoyl-p1-allocystathionine.—Sodium (3-5 g.) was added 
with stirring to pt-methionine (10 g.) in liquid ammonia (160 ml.), and the resulting solution 
decolorised by addition of ammonium chloride. Evaporation of the ammonia gave a solid 
which was boiled in water (75 ml.) whilst nitrogen was passed through to remove the ammonia. 
The solution was then treated with «-acetamidoacrylic acid (17 g.), brought to pH _7—8 with 
n-sodium hydroxide, and heated under nitrogen on a steam-bath for 3 hr. Evaporation gave a 
syrup which was refluxed for 6 hr. with 5n-hydrochloric acid (300 ml.). The resulting solution 
was decolorised with charcoal and evaporated to dryness and the residue dissolved in ethanol 
and filtered. Excess of triethylamine was added to the filtrate and the precipitated solid 
(12-5 g.), m. p. 271—272°, collected. Benzoylation of this solid gave a mixture (20 g.), m. p. 
213—214°, of dibenzoyl-pL- and pi-allo-cystathionine. 

Separation of Dibenzoyl-pi- and -pt-allo-cystathionine.—The above mixture (18 g.) of di- 
benzoyl derivatives was extracted continuously with boiling dry acetone (150 ml.) for 2 hr. 
The insoluble portion on crystallisation from aqueous ethanol gave dibenzoyl-pL-cystathionine 
(8 g.), m. p. 221—222° (decomp.). Evaporation of the acetone extract and addition of light 
petroleum (b. p. 40—60°) gave dibenzoyl-pL-allocystathionine (8-5 g.), m. p. 177—178° (decomp.) 
(from propan-2-ol). 

Attempted Resolution of Dibenzoyl-p.-cystathionine.—A solution of sodium cyanide (0-1 g.) in 
water (10 ml.), adjusted to pH 5 with acetic acid, and pH 5 buffer (20 ml.) were added to the 
filtered (1 hr.) extract of papain (1 g.) and water (20 ml.). This enzyme solution was added to a 
mixture of aniline (3 ml.) and dibenzoyl-pL-cystathionine (5 g.) in 2N-sodium hydroxide (30 ml.), 
brought to pH 5 with acetic acid and pH 5 buffer solution (40 ml.), and incubated at 37° for 
24 hr. Dibenzoyl-.-cystathionine dianilide (3-7 g.) separated, having m. p. 291° (from aqueous 
dimethylformamide), {«],,2> +-26-7° (c 1 in dimethylformamide) (Found: C, 67-6; H, 5-5; N, 
10-0. C,3;H;,0,N,5 requires C, 68-2; H, 5-4; N, 97%). The filtrate was boiled with charcoal 

* Schéberl and Wagner, Z. physiol. Chem., 1956, 304, 97. 


10 Alderton and Fevold, J. Amer. Chem. Soc., 1951, 78, 463. 
1 Bergmann and Grafe, Z. physiol. Chem., 1930, 187, 187. 
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and filtered. Acidification of the filtrate with concentrated hydrochloric acid gave dibenzoyl- 
p-cystathionine (1-8 g.), m. p. 229—230° (decomp.) (from acetic acid), {a],,** +44°. 

Dibenzoyl-p-cystathionine.—D-Methionine * (5-0 g.) was converted by the above method 
into a mixture (4-0 g.) of p-cystathionine and L-allocystathionine. This mixture (2-0 g.) was 
separated by Armstrong’s method ” into D-cystathionine, {a],,2* — 23-8° (c 1 in N-HC)), and t-allo- 
cystathionine, {«],,?* —25-2° (¢c lin N-HCl). Benzoylation of p-cystathionine and crystallisation 
from acetic acid gave dibenzoyl-p-cystathionine, m. p. 228—229°, [a],,25 +43-8°. 

Separation of Dibenzoyl-p- and -t-allo-cystathionine.—The mixture (2-0 g.) of p- and t-allo- 
cystathionine was benzoylated and the product extracted with boiling ethanol. Crystallisation 
of the insoluble portion (1-0 g.) from glacial acetic acid gave dibenzoyl-p-cystathionine, m. p. 
227—-228°, [a|,** +44°. Dilution of the ethanol extract with water gave dibenzoyl-1-allo- 
cystathionine (1-6 g.) which after crystallisation from 70% aqueous ethanol had m. p. 183— 
184° and [a],,2* —17-4°. 

Dibenzoyl-L-cystathionine.—.-Methionine * (2-3 g.) was converted by the above method into 
a mixture (1-8 g.) of L- and p-allo-cystathionine and benzoylated. The product (2-4 g.) was 
separated as above into dibenzoyl-L-cystathionine, m. p. 228—229°, [a],,"> —43-3, and di- 
benzoyl-p-allocystathionine, m. p. 184—185°, [a],,2* + 15°. 

NN’-Dibenzoyl-.-cystathionine Dimethyl Ester.—Dibenzoyl-.-cystathionine (2-0 g.), sus- 
pended in ethyl acetate (20 ml.), was treated with excess of ethereal diazomethane. The solid 
dissolved completely before the solution gelled. The gel was diluted with ether and the solid 
collected. Crystallisation from 95% ethanol gave the dimethyl ester (1-7 g.) as needles, m. p. 
137—138° (Found: C, 60-1; H, 5-8; N, 5-8. C,,H,,0,N,S requires C, 60-2; H, 5-7; N, 6-1%). 

Dibenzoyl-L-cystathionine Dihydrazide——The dimethyl ester (1-1 g.) was suspended in 
methanol (10 ml.) and treated with hydrazine hydrate (1 ml.). The resulting solution yielded 
a gelatinous solid which was collected. Crystallisation of the solid from aqueous methanol 
gave the dihydrazide hydrate (1-1 g.), m. p. 193—194° (Found: C, 52-9; H, 5-9; N, 17-7. 
C.,H.,0,N,S,H,O requires C, 52-5; H, 5-8; N, 17-7%). 

Dibenzoyl-t-cystathionine Dianilide-——The dihydrazide (1-1 g.), dissolved in N-hydrochloric 
acid (20 ml.) and ethyl acetate (10 ml.), was cooled to 5° and treated dropwise with sodium 
nitrite (0-5 g.) in water (2 ml.). The ethyl acetate was separated and the aqueous layer 
extracted with ethyl acetate (2 x 10 ml.). The combined organic layers were treated with 
aniline (3 ml.) in ethyl acetate (15 ml.) and left to crystallise. Recrystallisation from dimethyl- 
formamide—ethanol gave the dianilide, m. p. 281° (undepressed on admixture with dianilide 
obtained as above), [a],,2* + 29° (c 1 in dimethylformamide) (Found: C, 67-3; H, 5-1; N, 
100%). 

Hydrolysis of Dibenzoyl-L-cystathionine Dianilide.—The dianilide (2-3 g.) (from the papain 
route) was refluxed for 6 hr. with 5n-hydrochloric acid (40 ml.) and acetic acid (20 ml.). The 
gum obtained on evaporation was taken up in water and extracted with ether. Evaporation of 
the aqueous layer gave a gum which was re-evaporated with ethanol and then taken up in 
ethanol and treated with excess of triethylamine. The precipitated solid (0-6 g.) was washed 
with ethanol and dissolved in dilute ammonia and brought to pH 5 with acetic acid. This 
solution was treated with an equal volume of ethanol and on storage gave L-cystathionine, 
[a|,,2* + 18° (c 1 in N-HC)) (lit.,!* [a],,2 + 23-7°). 

Hydrolysis of Dibenzoyl-p-cystathionine.—Dibenzoyl-p-cystathionine (1-7 g.), hydrolysed as 
above, gave D-cystathionine (0-6 g.), [a],,* —21° (c 1 in N-HC)) (lit.,” [a),,2® —23-5°). 

Attempted Resolution of Dibenzoyl-p1-allocystathionine.—Dibenzoyl-pL-allocystathionine 
(5 g.) was incubated, as described above, with aniline in the presence of papain. Dibenzoyl-pi- 
allocystathionine monoanilide (7-5 g.) separated and, after crystallisation from ethanol, had 
m. p. 176—178° (Found:. C, 63-7; H, 5-9; N, 8-0; S, 6-1. Calc. for C,,H,,O;N,S: C, 64-1; 
H, 5-4; N, 8-3; S, 63%). Fractional crystallisation failed to separate this isomeric mixture. 

S-Benzyl-pi-cysteine—A mixture of «-acetamidoacrylic acid (12 g.) and toluene-w-thiol 
(12 g.) in water (75 ml.) was brought to pH 8 with n-sodium hydroxide and heated at 80° for 
1 hr. under nitrogen. After cooling, the solution was filtered and extracted with ether. 
Acidification of the aqueous layer gave N-acetyl-S-benzyl-pL-cysteine (17 g.), m. p. 156—157° 
(lit.24 m. p. 158°), which was hydrolysed for 5 hr. by refluxing 5N-hydrochloric acid (50 ml.) 


12 Du Vigneaud, Brown, and Chandler, J. Biol. Chem., 1942, 148, 59. 
'S Anslow, Simmond, and du Vigneaud, J. Biol. Chem., 1946, 166, 35. 
4 Siis, Annalen, 1948, 559, 92. 
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and acetic acid (25 ml.). Evaporation gave a solid which when dissolved in hot water and 
brought to pH 6 with ammonia (d 0-88) gave S-benzyl-pL-cysteine (14-1 g.), m. p. 211° (lit.,35 
m. p. 216°). 

Dibenzoyl-lanthionines.—S-Benzyl]-p.-cysteine (26-2 g.), when treated as described above for 
pDL-methionine, gave a mixture (13-1 g.), m. p. 153—155°, of dibenzoyl-pL- and dibenzoyl-meso- 
lanthionine. 

Separation of Dibenzoyl-lanthionines.—The mixed dibenzoy] derivatives (8 g.) were incubated 
with aniline and papain as described above and the precipitated solid A (3-2 g.) collected. The 
filtrate was boiled with charcoal and filtered. Acidification of the filtrate with concentrated 
hydrochloric acid gave a mixture (3-5 g.), m. p. 184—185°, {a],,?4 +15-3°, of dibenzoyl-p- and 
-meso-lanthionine. A sample twice crystallised from aqueous ethanol (3:1) gave dibenzoyl- 
meso-lanthionine, m. p. 200—201° (Found: C, 57-6; H, 4-9; N, 6-7. Calc. for CygH,,O,N,S: 
C, 57-7; H, 4:8; N, 67%). Solid A was extracted with boiling ethanol, and the insoluble 
portion dissolved in hot dimethylformamide and treated with ethanol. On cooling, dibenzoyl- 
L-lanthionine dianilide (2-6 g.) separated, having m. p. 277—278° (Found: C, 67-3; H, 5-3; N, 
9-7. Cyg,Hyg0,N,S requires C, 67-8; H, 5-3; N, 9-9%). Evaporation of the alcoholic extract 
and crystallisation of the residue from aqueous ethanol gave dibenzoyl-meso-lanthionine mono- 
anilide (0-3 g.), m. p. 174—176° (Found: C, 62-7; H, 5-2; N, 8-3. C,,H,;O;N,S requires C, 
63-4; H, 5-1; N, 85%). 

Re-treatment of the mixture (3-3 g.) of dibenzoyl-p- and -meso-lanthionine with papain and 
aniline gave dibenzoyl-meso-lanthionine monoanilide (1-1 g.), m. p. 174°, and a mixture (1-5 g.), 
m. p. 186°, [a),"* +33°, of dibenzoyl-p-lanthionine and dibenzoyl-meso-lanthionine. Further 
enzymic treatment failed to improve the optical rotatory power of this mixture. 

A mixture (0-9 g.) of dibenzoyl-p- and -meso-lanthionine, [{«],** + 15°, was suspended in 
water (5 ml.), and sufficient ammonia (d 0-88) was added to bring about dissolution. Acidific- 
ation with acetic acid gave dibenzoyl-meso-lanthionine monohydrate (0-45 g.), m. p. 120° and 
200° (decomp.), which, after crystallisation from water, had m. p. 127—128° and 200—201° 
(decomp.), [aJ,,2* 0° (Found: C, 55:3; H, 4:8; N, 6-7. CygH»O,N,S,H,O requires C, 55-3; H, 
5-2; N, 65%). Acidification of the filtrate with concentrated hydrochloric acid gave dibenzoyl- 
p-lanthionine (0-3 g.), m. p. 183—-184°, |a],,?* +45°. 

Hydrolysis of Dibenzoyl-t-lanthionine Dianilide.—Hydrolysis of the dianilide (1-8 g.), in the 
usual way, gave L-lanthionine (0-2 g.) (from dilute ammonia), [a],2° +-4° (c 2 in N-NaOH) 
(lit.,2* [a],,2* +8°). 

Hydrolysis of Dibenzoyl-p-lanthionine.—Dibenzoyl-p-lanthionine (0-85 g.), [a],,”* +45°, was 
hydrolysed as above. The product was taken up in N-sodium hydroxide and adjusted to pH 6 
with acetic acid; p-lanthionine (0-25 g.) separated with {a],,2* —5-5° (lit.,"* [a],,2* —8°). Benzoyl- 
ation of this material gave dibenzoyl-p-lanthionine, m. p. 176—178°, {a],,?* +31-6°. 

Dibenzoyl-t-lanthionine.—Benzoylation of a mixture 1? of L-lanthionine and meso-lanthionine 
gave a product (1 g.), m. p. 187—189°, {a],,2* —18°, which was separated, as described above, 
by the differential acidification of a solution in ammonia, into dibenzoyl-meso- (0-5 g.) and 
-L-lanthionine (0-35 g.), m. p. 187—189°, {a],,2*5 —42°. 


The authors thank Messrs. D. J. Outred and P. R. Ashurst for skilled technical assistance. 
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15 Baltazzi and Davis, Compt. rend., 1955, 240, 208. 
‘8S Brown and du Vigneaud, J. Biol. Chem., 1941, 140, 767. 
17 Schéberl and Wagner, Chem. Ber., 1947, 80, 379. 
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577. The Mechanism of the Reaction of Boron Trichloride with 
Cyclic Acetals of Hexitols. 


By T. G. BonNER and N. M. SAVILLE. 


The function of boron trichloride as a reagent for the cleavage of cyclic 
acetals of hexitols has been studied. It appears that co-ordination of the 
boron trichloride with an acetal oxygen atom is followed by ring opening to 
produce an «-chloro-ether group, the presence of which has been proved by 
reduction to a methoxyl group. 

Investigation of the complex between boron trichloride and a tri-O- 
methylenehexitol by analysis and infrared absorption spectra shows that 
ring opening occurs in the complex with formation of chloroboronate and 
«-chloro-ether groups. 


In a brief report, an account was given of the efficacy of boron trichloride in opening 
the rings of cyclic acetals of hexitols, in demethylation and deacylation of sugar derivatives, 
and in degradation of polysaccharides. Invariably, although yields are not quantitative, 
the major product isolated after treatment of the reaction mixture with aqueous methanol 
is the unsubstituted polyhydroxy-compound. The attack of the boron trichloride is 
directed towards oxygen centres in these molecules and more detailed studies have now 
been made, particularly of the cyclic acetals of hexitols, to discover the naturé of the 
interaction at these sites and of the subsequent heterolysis of the C-O bonds. 
Trimethylene derivatives of hexitols, in addition to regenerating mainly the parent 
hexitol, always give small quantities of the partially degraded derivatives, e.g., 1,3:2,4:5,6- 
tri-O-methylene-p-glucitol gives, in addition to glucitol (61% yield), a detectable amount 
of 2,4-O-methylene-p-glucitol, the surviving ring in which is the most readily formed 
when glucitol is converted into its methylene derivatives ? and is the most stable to aqueous 
acid, to sulphuric acid in acetic anhydride—acetic acid solution (acetolysis),* and to acyl 
trifluoroacetate.5 This monomethylene derivative alone with boron trichloride is largely 
converted into glucitol but even under vigorous conditions a residue of unchanged acetal 
remains. In contrast, the acetal ring in 2,5-O-methylene-p-mannitol, which preferentially 
survives only in the acetolysis of 1,3:2,5:4,6-tri-O-methylene-pD-mannitol,® is completely 
destroyed by boron trichloride, the monomethylenemannitol being converted in 94% 
yield into mannitol without a detectable quantity of the acetal remaining. The lability 
of this ring is also evident in acid-hydrolysis’ (which preferentially opens the 2,5-ring in 
the trimethylenemannitol) and is confirmed by treatment of the trimethylene compound 
with one mol. of boron trichloride instead of the excess normally used; none of the 
products obtained except a trace of unchanged acetal, contained the 2,5-ring. The 
explanation that the survival of this ring in acetolysis is due to a preference of the reagent 
for attack at a methylene group engaged at a primary rather than a secondary carbon 
atom suggests that the orientation and steric factors which determine this preference are 
not operative in the case of boron trichloride. Since both boron trichloride and the 
acetolysis reagent are essentially electrophilic, it is unlikely that polar factors underlie the 
difference in the mode of attack of the two reagents. Other cyclic acetals of D-mannitol 
which gave high yields (55—85%) of mannitol with excess of boron trichloride were the 
tri-O-ethylidene, -benzylidene, -isopropylidene, and -cyclohexylidene derivatives. Bis-O- 
(trifluoroisopropylidene)-p-mannitol yielded only a trace of mannitol under the usual 
Allen, Bonner, Bourne, and Saville, Chem. and Ind., 1958, 630. 
* Hann and Hudson, J. Amer. Chem. Soc., 1944, 66, 1909. 
Bourne and Wiggins, J., 1944, 517. 
Ness, Hann, and Hudson, J. Amer. Chem. Soc., 1944, 66, 665. 
5 Bourne, Burdon, and Tatlow, J., 1958, 1274; 1959, 1864. 


Ness, Hann, and Hudson, J. Amer. Chem. Soc., 1943, 65, 2215. 
? Fletcher and Diehl, J]. Amer. Chem. Soc., 1952, 74, 3797. 
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conditions, but when the reaction was prolonged at higher temperatures more extensive 
ring opening occurred; the inductive effect of the trifluoromethyl groups in this acetal 
creates an exceptional resistance to attack by acidic and electrophilic reagents. Other 
compounds which yield the unsubstituted polyhydric alcohol as the chief product are 
di-O-methylene- and mono- and di-O-benzylidene-pentaerythritol and the methyl ethers 
and carboxylic esters of D-glucitol and D-mannitol. The only exception so far discovered 
is the 1,6-ditoluene-p-sulphonate of 2,4-O-methylene-p-glucitol which gave only a very 
small yield of the hexitol. Under all conditions employed it was established that the 
parent polyols were not affected and could be recovered unchanged. 

The Mechanism of Attack of Boron Trichloride at Oxygen Centres.—In extensive studies 
of the interaction of excess of boron trichloride with oxygen-containing organic com- 
pounds, Gerrard and his co-workers ® have proposed mechanisms for the fission of C-O-C 
bonds in aliphatic and cyclic ethers, 7.¢e., in compounds closely resembling the cyclic 
acetals of polyols. In most ether fissions studied it appeared that the alkyl group with 
the greater electron-releasing properties is found in the alkyl halide produced, suggesting 
initial formation of a carbonium ion by alkyl-oxygen fission. 

In a complex formed between boron trichloride and a cyclic acetal, the -O-C-O- group 
provides an effective system for stabilisation of the central carbon when the bond with 
either oxygen atom undergoes heterolysis to give a carbonium ion. The dichloroboronite 


1 ! 

-O -C-O-BCl, _ -C—O-BCl, 
4 ' +Cl ! 

ry CRR << Pe Pe ; ; 

ot ' -C-O=CRR’ ' ~C-O-CRRCI 


- (1) 


group contains the still strongly electrophilic boron atom which can co-ordinate with an 
oxygen centre of an adjacent acetal ring. This undoubtedly occurs when a 1:1 molar 
ratio of boron trichloride to a triacetal compound is used, with formation of the stable 
cyclic chloroboronate grouping; the absence of any chlorodeoxy-derivative of a polyol 
in the products of the reaction of its cyclic acetal with boron trichloride also suggests that 
this intermediate is formed. The «-chloro-ether group —O-CRR’Cl formed in reaction (1) 
could, by analogy with the known reactions of «-chloro-ethers, give with excess of boron 
trichloride either a chlorodeoxypolyol or a dichloroboronite, the latter being accompanied 
by the product RR’CCl,. With methylene acetals this dichloro-derivative would be 
dichloromethane, already employed as the solvent; benzylidene derivatives, however, 
were found to give a product with the properties of benzylidene chloride, indicating form- 
ation of a dichloroboronite from an a-chloro-ether substituent. 

Detection of an a-Chloro-ether Group by Replacement of Chlorine.—Since an «-chloro- 
methyl ether group, if formed in the reaction of boron trichloride with a cyclic methylene- 
dioxy-compound, would be subsequently hydrolysed during the treatment with aqueous 
methanol, the conversion of this group into a less labile derivative by nucleophilic replace- 
ment of the chlorine was investigated, 7.e., -O*CH,Cl—» —O-CH,X. Two suitable 
reagents of this type are the acetate ion ™ and the methoxide ion." In both cases, chlorine 
attached to boron would also be replaced, but the mild hydrolysis of the complex with 
aqueous methanol should remove the boron and its attached groups leaving the free 
hydroxyl groups. In the experimental investigation, anhydrous sodium acetate in 
suspension in chloroform was added to the products obtained by treating tri-O-methylene- 
p-mannitol and -p-glucitol with excess of boron trichloride after removing the excess of 

§ Stacey, Bourne, Huggard, and Tatlow, Papers read at the 14th Meeting Internat. Union Pure 
Appl. Chem., 1955, p. 555. 

® See Gerrard and Lappert, Chem. Rev., 1958, 58, 1081. 


1 Wedekind, Ber., 1903, 36, 1383; Clark, Cox, and Mack, J. Amer. Chem. Soc., 1917, 39, 712. 
1 Strauss and Weber, Annalen, 1932, 498, 127. 
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the latter under reduced pressure. After treatment with aqueous methanol, the residue 
was extracted first with chloroform which removes highly substituted hexitols, and then 
with pyridine which is a solvent both for these derivatives and for hexitols. Examination 
by paper chromatography showed that both extracts contained a mixture of fast-moving 
products (t.e., highly substituted hexitols) while the pyridine solution contained in addition 
unsubstituted hexitol. Trisacetoxymethylhexitol, in which the three rings have been 
opened, and bisacetoxymethylmethylene- and monoacetoxymethyldimethylene-hexitols 
in which only partial ring opening has occurred, would provide fast-moving products while 
the slower-moving derivatives and the hexitol itself could result either from partial 
hydrolysis of the acetoxymethyl groups or from incomplete replacement of the chlorine. 
A similar result was obtained by treating the same trimethylenehexitol—boron trichloride 
reaction products with sodium methoxide in methanol. After removal of the sodium 
chloride formed and adjustment to pH 8, evaporation left a residue in which paper chrom- 
atography showed the presence of fast-moving substances. Slower-moving, less highly 
substituted derivatives together with the parent hexitol also indicated partial hydrolysis 
or incomplete formation of the expected unsymmetrical acetal. The reaction mixtures 
in both cases were too complex for separation of the acetoxymethyl or unsymmetrical 
acetal derivatives to be attempted. Attention was, therefore, directed to the possibility 
of replacing the chlorine by hydrogen, giving a methoxyl group in place of the «-chloro- 
ether. As the methyl ethers of the hexitols are known to be stable and to resist hydrolysis, 
it was assumed that their isolation and characterisation would present less difficulty. 

The reducing agent used was lithium aluminium hydride, to which ether and acetal 
groups appear to be stable. It was expected that chloroboronates would give the same 
products as were obtained with sodium borohydride,” with the probability that the 
subsequent hydrolysis removes any borate ester groups, leaving only a methyl ether group 
in place of each a-chloro-ether group initially present. Initial investigations of the reaction 
in tetrahydrofuran of lithium aluminium hydride with the boron trichloride—methylene- 
dioxy-complexes were evaluated by paper chromatography. Tri-O-methylene-p-mannitol 
yielded a mixture and it was significant that no hexitol was detected; the omission of the 
reduction step as indicated above leads to a substantial yield (53°) of the hexitol. More 
conclusive evidence was obtained with 2,4-O-methylene-p-glucitol, the products from which 
were separated on a Celite column. One fraction contained the unchanged acetal in 
relatively small amount together with a larger quantity of a product of closely similar 
constitution which was converted by boron trichloride into b-glucitol in high yield and had 
a methoxyl content of 11-8% (calc. 15-8% for monomethylglucitol). By the above 
sequence of reactions, 2,4-O-methylene-p-glucitol could afford the 2- and the 4-methyl 
ether or both—a model indicates that the two ring-oxygen atoms are equaliy accessible to 
attack by boron trichloride. In fact chromatography indicated formation of two similar 
methyl ethers. To overcome this difficulty, 2,5-O-methylene-p-mannitol was used for 
subsequent investigations. The reduction products from this acetal would be either 2-0- 
or 5-O-methylmannitol, which are identical. Also, as the acetal is quantitatively con- 
verted into mannitol on reaction with excess of boron trichloride and aqueous methanol, 
the reduction products should contain no unchanged acetal. 

Reaction of Lithium Aluminium Hydride with the 2,5-O-Methylene-p-mannitol—Boron 
Trichloride Complex.—Treatment of 2,5-O-methylenemannitol with excess of boron tri- 
chloride followed by lithium aluminium hydride gave two fractions separable on a carbon- 
Celite column. One fraction yielded mannitol only (1-1% yield) and the other an oil 
(E; yield, 59% calc. as C,;H,,0,). Examination of the oil by paper chromatography 
indicated a single product, and a chromotropic acid determination of its acetal content 
showed a negligible amount (0-1%). The R,, value of the substance E was less than that 
of the monomethylenemanritol but on ionophoresis in a borate buffer it migrated further ; 
both observations suggest the formation of a more stable borate complex than that formed 

12 Brown and Tierney, J. Amer. Chem. Soc., 1958, 80, 1552. 
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by the monomethylene derivative. Treatment with boron trichloride and aqueous 
methanol yielded only mannitol, confirming that the compound is a mannitol derivative. 
The position of the single substituent was investigated by periodate oxidation. One mol. 
(calc. on C,H,g0,) consumed 3 mol. of periodate with the production of 1-02 mol. of 
formaldehyde and 1-90 mol. of formic acid. The only monomethylhexitol which can give 
a result of this type is the 2-methyl derivative: 


3NalO. 
HO*CH,4°CH(OMe)*[CH(OH)],°CH,OH ——t> HO-CH,*CH(OMe)*CHO + CH,O + 2H-CO,H . (2) 


Analysis of the substance E for carbon and hydrogen agrees with that of a monomethyl 
ether, but the Zeisel analysis for methoxyl, while indicating a monomethyl ether, gave 
varying values for the methoxyl content all of which were higher than that calculated for 
amonomethylether. However, the completely acetylated derivative gave carbon, hydrogen, 
and methoxyl values in accord with those for the penta-acetate of a monomethylhexitol. 

While other monomethyl ethers of mannitol are known, the 2-methyl ether has not 
previously been synthesised. 2-O-Methyl-p-mannose, however, had been reported 
although the evidence for the position of the substituent was known not to be conclusive. 
This compound was prepared from a sample of methylated D-mannose dibenzyl mercaptal 
(kindly supplied by Professor Pacsu ") by first treating it with mercuric chloride to remove 
the mercaptal group; the product obtained contained mannose and a faster-moving 
derivative, and the latter gave an indication of being a 2-methylmannose by its failure to 
react with triphenyltetrazolium chloride which does not give a positive reaction when 
there is a substituent adjacent to the reducing group, 7.e., at the 2-position in this case.™ 
Both products were reduced to the hexitol by potassium borohydride, and paper chrom- 
atography then showed that no reducing sugars remained. The monomethylmannitol 
was separated on a carbon-Celite column and the migration of this compound and of the 
substance E were compared in several solvents. In all cases, including ionophoresis in 
borate and molybdate buffers, the rates of movement were the same. The penta-acetates 
were identical (m. p., mixed m. p. and infrared spectra at 5000—666 cm.'). A peak for 
the pentacetate at 2836 cm.! was attributed to the carbon-hydrogen stretching frequency 
of the methoxyl group (anisole and methyl 2-naphthyl ether had peaks at 2837 cm.*). 
Other workers have shown the spectra of methyl ethers to contain characteristic shoulders 
on the side of carbon—hydrogen absorption bands in the range 2815—2832 cm.! which 
have been correlated with vibration of the methoxyl group:!® substance E gave an 
absorption peak at 2847 cm.", 1.e., sufficiently close to be acceptable evidence for the 
presence of the methoxyl group. The failure of the Zeisel method to provide a satisfactory 
analysis of 2-O-methylmannitol while giving a satisfactory result for its penta-acetate is 
apparently a feature of the hexitol structure, since mannitol and glucitol give apparent 
methoxyl contents of 11-8% and 12-7% respectively owing to the production of volatile 
ethyl and vinyl iodide.” 

Addition Complex of Boron Trichloride and a Cyclic Methylenedioxy-derivative-—The 
problem remained of whether the cyclic acetal ring is opened by the boron trichloride 
before, or as a result of, attack of a nucleophilic reagent. A similar uncertainty arises in 
the reaction of certain non-cyclic acetals and ketals #* and ethers ® with a mixture of 
aluminium chloride and lithium aluminium hydride; reduction occurs readily with the 
mixed reagent but the compounds are unreactive to lithium aluminium hydride alone. 
The operative mechanism for the boron trichloride reaction became evident in a study of 


13 Pacsu and Trister, J. Amer. Chem. Soc., 1941, 68, 925. 

'* Bell and Dedonder, /J., 1954, 2866. 

1 Abdel-Akher, Hamilton, and Smith, J]. Amer. Chem. Soc., 1951, 73, 4691. 

16 Henbest, Meakins, Nicholls, and Wagland, /., 1957, 1462; Barker, Bourne, Pinkard, and Whiffen, 
J., 1959, 807. 

17 von Rudloff, Analyt. Chim. Acta, 1957, 16, 294. 

'® Eliel and Rerick, /. Org. Chem., 1958, 23, 1088. 

1® Brown and Somerfield, Proc. Chem. Soc., 1958, 7. 
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the complex formed between this reagent and 1,3:2,5:4,6-O-trimethylene-p-mannitol. 
Attempts to analyse quantitatively the complex formed by treatment of weighed amounts 
of the acetal with excess of boron trichloride and evaporation to constant weight under 
reduced pressure were not wholly successful. 

The suspected ring fission during interaction of the boron trichloride and cyclic acetal 
was confirmed by a comparison of the infrared spectra of the complex with 
the 1:1 addition compound formed by 1,4-dioxan and boron trichloride. This is a very 
stable compound which regenerates 1,4-dioxan readily on treatment with pyridine or 
hydroxylic solvents. Decomposition products of dioxan are only obtained on heating. 
The spectra of dioxan itself and its compound with boron trichloride were recorded and 
strong absorptions at 789 and 761 cm. were found only in the addition compound; these 
were correlated with the stretching vibration of the boron-chlorine bonds. In boron 
trichloride alone, the asymmetric stretching vibrations of these bonds give rise to 
absorption peaks at 995 (due to B-Cl) and at 954 cm. (due to “B-Cl). The lower 
frequency in its compound with dioxan is attributed to the increase in electron density on 
the boron atom; this decreases the electron-accepting power of the boron, back-co-ordin- 
ation of the chlorine atoms is therefore less than in pure boron trichloride, and the 
consequent reduction in the double-bond character of the boron-chlorine bonds in the 
addition compound leads to absorption at a lower frequency. If ring opening occurs in 
the boron trichloride-trimethylenemannitol complex, the products would be dichloro- 
boronites or chloroboronates. The spectra of compounds of this type have been 
reported; *! absorptions of methyl dichloroboronite at 997 and 960 cm." were correlated 
with the asymmetric boron-chlorine vibration while in methyl chloroboronate strong 
absorption at 630 cm. was assigned to the boron-chlorine vibration. The spectra of the 
trimethylenemannitol complex showed strong absorption at 663 cm.* also attributed 
to boron-chlorine vibration. This frequency is much lower than in the dioxan-boron 
trichloride compound and if attributed to the same cause would imply that the 
trimethylenemannitol complex is even more stable than that of dioxan. This is very 
unlikely and it is more probable that ring opening has occurred with the formation of a 
chloroboronate group giving an absorption (663 cm.) close to that of methyl chloro- 
boronate. The evidence is therefore that the following sequence of reactions (3) occurs 
with boron trichloride—cyclic methylenedioxy-complexes : 


| ' 1 

; 4 “~~ -C-O-CH,Cl 

i ch i 4 Cth 
Py “*"". “— 

i sic, — { Sch —> | Seer -+++@) 
-¢-& -¢-0 -¢-0 
1 es —C-0-CH,CI —€-O°CH, Cl 


Water converts the complex into the polyhydroxy-derivative, while treatment with 
lithium aluminium hydride followed by hydrolysis produces a methoxyl group in place of 
an a-chloro-ether group and hydroxyl groups at all other positions. 


EXPERIMENTAL 
Materials.—Boron trichloride, b. p. 12-5°/760 mm., was obtained in sealed bottles (B.D.H.). 
These were cooled in acetone—solid carbon dioxide (ca. — 80°), the contents were transferred to 
a distillation flask cooled to —80°, and the boron trichloride was distilled by allowing it to 
‘varm to room temperature.*** Small portions of the distillate also at — 80° were rapidly trans- 
ferred to weighed, stoppered test-tubes, each of which had been drawn out to provide a 
2° Lindeman and Wilson, J. Chem. Phys., 1956, 24, 242. 


*t Lehmann, Onak, and Shapiro, J. Chem. Phys., 1959, 30, 1219. 
*2 Dr. W. Gerrard, personal communication. 








2856 Bonner and Saville: The Mechanism of the Reaction of 


constriction near the mouth, and cooled to —80°. The tubes were sealed off at the constriction 
and reweighed. 

Dichloromethane was washed with 5% sodium carbonate solution and then water, dried 
(CaCl,), and stored in the dark over calcium chloride. 

Paper Chromatography.—Whatman No. 1 paper was used with the following solvents: 
(a) butan-1-ol saturated with water at 0°; (b) acetone—water (4: 1 v/v); (c) butan-1-ol—pyridine- 
water-saturated aqueous boric acid (6:4:2:1 v/v). The usual spray reagents were 
employed.*** The positions of the compounds are recorded either as Ry values related to the 
distance of the solvent front from the base line or as Rx values related to the distance travelled 
by a standard substance X. Paper ionophoresis was carried out on Whatman No. 3 paper with 
a borate buffer (pH 9-8).27 

Reactions of Polyol Derivatives with Boron Trichloride.—1,3:2,4:5,6-Tri-O-methylene-p- 
glucitol (0-81 g.) in dichloromethane (40 ml.) was added during 30 min. to boron trichloride 
(3-0 g., 6-9 mol.) in dichloromethane (30 ml.) at —80°. After attaining room temperature the 
flask was connected through a trap at — 80° to a water-pump to remove the solvent and excess 
of boron trichloride. The temperature was finally raised to 40° and a brown glass (1-69 g.) was 
obtained. Methanol (containing ca. 0-05% of water) was added and the solution evaporated; 
this treatment with methanol was continued until no detectable amount of boron remained 
(indicated by the absence of a red colour on turmeric paper in warm acid solution). EExamin- 
ation of the residual oil (1-10 g.) by paper chromatography with solvent (b) showed the presence 
of a hexitol, Rgiucito: (Rg) 1-00, a second product, Ry 1-45 (2,4-O-methylene-p-glucitol, R, 1-36), 
and a third, R, 1-90. The oil was refluxed for 30 min. with sodium acetate (6-4 g.) and acetic 
anhydride (20 ml.), and the product shown to be glucitol hexa-acetate (0-76 g.), m. p. 94—97°, 
mixed m. p. 95—96°. Chloroform-extraction of the filtrate gave a less pure specimen of glucitol 
hexa-acetate (0-35 g.), m. p. 92—93°; the total yield corresponded to 61% based on the 
trimethyleneglucitol. The mother-liquor from the crystallisation of the second crop of hexa- 
acetate was deacetylated with one drop of 0-2N-sodium methoxide in methanol-chloroform; 
examination by paper chromatography in solvent (b) showed the presence of glucitol, R, 1-00, 
and a second compound, Ry 1-27 (2,4-O-methylene-p-ghicitol, Rg 1-25). 

1,3:2,5:4,6-Tri-O-methylene-p-mannitol, when similarly treated, gave mannitol (53%) and 
a second product, Ryannito: (Rm) 1°43 (2,5-O-methylene-p-mannitol, R,, 1-28; 1,3-O-methylene- 
p-mannitol, R,, 1-40). 

1,3:2,5:4,6-Tri-O-ethylidene-p-mannitol and its isopropylidene, benzylidene, and cyclo- 
hexylidene analogues were converted into mannitol in yields of 67%, 84%, 85%, and 55% 
respectively. Small amounts of substituted mannitol were also detected. 

2,4-O-Methylene-p-glucitol gave mainly glucitol (61%). 2,5-O-Methylene-p-mannitol gave 
a 94% yield of mannitol. 1,5,6-Tri-O-benzoyl-2,4-O-methylene-p-glucitol and mannitol hexa- 
acetate both gave the parent polyol in substantial yield. Di-O-methylenepentaerythritol gave 
a 76% yield of pentaerythritol and a smail amount of a second product; both di-O-benzylidene- 
and mono-O-benzylidene-pentaerythritol were converted in 91% yield into pentaerythritol. 
The pentaerythritol (m. p. and mixed m. p. 258—260°) in each case was left as a residue after 
chloroform-extraction of the product obtained from the methanol-treatment. The chloroform 
extract in the case of the benzylidenepentaerythritols contained an oil which on treatment with 
aqueous sodium hydrogen carbonate yielded benzaldehyde, identified as its 2,4-dinitropheny]- 
hydrazone. 

1,2:5,6-Bis-O-(trifluoroisopropylidene)-D-mannitol gave only a small amount of mannitol on 
treatment with boron trichloride, but ring scission appeared to occur to a greater extent when 
the ketal was kept in contact with the reagent in a sealed tube for 6 days at room temperature. 
2,4-O-Methylene-1,6-di-O-toluene-p-sulphonyl-p-glucitol was also resistant to the reagent 
and only a small yield of the hexitol was obtained. p-Glucitol and p-mannitol were not 
affected by the reagent and after treatment could be recovered as hexa-acetate in 80—90% 
yield. 

Reaction of 1,3:2,5:4,6-tri-O-methylene-p-mannitol (0-48 g.) with boron trichloride (0-26 g., 


%3 Trevelyan, Procter, and Harrison, Nature, 1950, 166, 444. 

24 Wolfrom and Miller, Analyt. Chem., 1956, 28, 1037. 

*> Hough, Jones, and Wadman, /J., 1950, 1702. 

26 Wallenfels, Naturwiss., 1950, 37, 491; Chem. Abs., 1951, 45, 4604. 
27 Foster, Adv. Carbohydrate Chem., 1957, 12, 81. 
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1 mol.) gave a product which was separated on a Celite column into p-mannitol (0-1 g.), 1,3:4,6- 
di-O-methylene-p-mannitol (0-05 g.), m. p. and mixed m. p. 200—209° (Found: -C, 46-2; H, 
6-9. Calc. for C,H,,0,: C, 46-6; H, 6-9%), and an oil (0-09 g.); paper chromatography with 
solvent (a) showed that the last product had R,, 2-66 (1,3-O-methylene-p-mannitol, R,, 2-66); 
with acetic anhydride (0-5 ml.) in pyridine (2 ml.) it gave 2,4,5,6-tetra-O-acetyl-1,3-O-methylene- 
p-mannitol (0-04 g.), m. p. 138—140° (lit.,28 143—144°) (Found: C, 49-8; H, 6-4. Calc. for 
CysH 209: C, 49-7; H, 61%). This derivative was deacetylated with 0-2mM-sodium methoxide 
in methanol, and the periodate uptake of the monomethylenemannitol was determined * by 
addition of standard sodium metaperiodate solution and measurement of the optical density of 
the solution at 223 my: the decrease in periodate concentration corresponded to reaction of 
2:03 mol. of periodate (theor. for 1,3-O-methylene-p-mannitol 2-00, and for 2,5-O-methylene-p- 
mannitol 1-00). 

Successive Treatment of 2,5-O-Methylene-p-mannitol with Boron Trichlovide and Lithium 
Aluminium Hydride.—The acetal (2-91 g.) was treated with boron trichloride (32 g., 18 mol.) to 
give, after evaporation, a glass (6-25 g.), whose solution in tetrahydrofuran (100 ml.; dried and 
distilled over sodium) was added slowly to lithium aluminium hydride (6 g., 15-5 mol.) in ether 
(200 ml.; dried over sodium). The mixture was refluxed for 1 hr., then cooled in ice, water 
(150 ml.) was added, and the pH adjusted to 4 by addition of hydrochloric acid. The organic 
solvents were removed under reduced pressure and the aqueous residue was concentrated. The 
product was centrifuged and the supernatant liquid was passed down a Biodeminrolit ion- 
exchange column. The eluate, after freeze-drying, was repeatedly refluxed with methanol, 
acidified with hydrochloric acid, and evaporated to dryness to remove residual boric acid. The 
neutral residue was finally extracted with pyridine, and the solution concentrated to give a dark 
oil (1-98 g.). Paper chromatography with solvent (c) showed the presence of mannitol, R,, 1-0, 
and a second product, R,, 1-4 (2,5-O-methylene-p-mannitol, R,, 2:0). The oil was dissolved in a 
small amount of water and run on to a column prepared from equal amounts of charcoal and 
Celite. Elution was with water containing ethanol, so that the ethanol content increased 
continuously from 0 to 10%, and fractions of 25 ml. were collected. Examination by paper 
chromatography with solvent (a) showed that fractions 55—100 contained a product (£), Ry, 2°6. 
These fractions were concentrated and the solution was passed through an asbestos filter (Ford’s 
Sterimat) to remove any fine particles of Celite. Evaporation to dryness gave colourless, oily 
2-monomethylmannitol (1-70 g.) (Found: C, 43-4; H, 8-2; OMe, 26-5. C,H,,O, requires C, 
42-9; H, 82; OMe, 15-8%). Examination by paper chromatography with solvent (a) and 
ionophoresis in borate buffer established that the substance E was not unchanged 2,5-O-di- 
methylene-p-mannitol, while similar examination of the product of its reaction with boron 
trichloride indicated this to be mannitol only (m. p. and mixed m. p. 168—168-5°). Confirm- 
ation that the substance E was not a methylene derivative was obtained by attempted acid- 
hydrolysis to give formaldehyde; determination of the latter with chromotropic acid indicated 
less than 0-1% of a formal present. 

Periodate oxidation of the substance E determined by ultraviolet measurement at 223 my 
of the fall in periodate concentration showed that for one sample (6-84 mg.), 2-94 mol. of 
periodate were consumed, of 4 mol. initially present, and for a second sample (3-34 mg.), 3-06 mol. 
from 8 mol. initially present. The products of the periodate oxidation, formaldehyde and 
formic acid, were also determined. For the former, erythritol which gives 2 mols. of 
formaldehyde per mol. consumed was used as the standard * for the preparation of a calibration 
curve for the chromotropic acid method of determination of formaldehyde.* Two samples of 
the substance E (each ca. 3 mg.) gave values of 1-07 and 0-96 mol. of formaldehyde. The formic 
acid simultaneously produced was determined (1-81—1-90 mol.). 

Substance E (0-103 g.) was refluxed for 1 hr. with acetic anhydride (2-0 ml.) and sodium 
acetate (0-1 g.); pouring the mixture into water gave an oil (0-22 g.) which was isolated by 
chloroform-extraction. This crystallised from ethanol, to give 1,3,4,5,6-penta-O-acetyl-2-O- 
methyl-p-mannitol (0-12 g.), m. p. 102—102-5° unchanged by further crystallisation (Found: C, 
50-1; H, 6-4; OMe, 8-0. C,,H,,0,, requires C, 50-3; H, 6-5; OMe, 7-6%), [a],?* +29-5 (c 
0-87 in CHC1,). ‘ 


28 Fletcher and Diehl, J. Amer. Chem. Soc., 1952, '74, 3799. 
2° Aspinall and Ferrier, Chem. and Ind., 1957, 1216. 

3° Hough, Powell, and Woods, J., 1956, 4799. 

1 Mitchell and Percival, J., 1954, 1423. 
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Synthesis of 2-O-Methyl-p-mannitol.—2-O-Methyl-p-mannose dibenzyl mercaptal (0-65 g.) 
was demercaptalised by the standard procedure.!* The oily product was shown by chrom- 
atography to contain mannose and a compound moving almost twice as fast as mannose, which 
was not the unchanged mercaptal. The products were reduced to hexitols with potassium 
borohydride (0-16 g. in 7-5 ml. of water). By next morning gas evolution had stopped and 
Amberlite ion-exchange resin IR-120(H) was added to decompose the excess of borohydride. 
Sodium hydrogen carbonate was added to raise the pH from 2 to 5, the resin was filtered off, 
and the filtrate and washings were concentrated under reduced pressure, giving a white solid. 
The residue after removal of boric acid was an oil (0-17 g.). Chromatography in solvent (a) 
showed the presence of a hexitol, Rmannito: 9°92, and a second product, R,, 1:84. No reducing 
sugar was detected by the p-anisidine hydrochloride spray. The two products were separated 
on a charcoal—Celite column by elution, first with water (300 ml.) and then with 2% aqueous 
ethanol. 10 ml. fractions were collected; paper chromatography with solvent (a) showed 
only mannitol, R,, 1-0, and a product, R,, 1-9. After concentration of the appropriate fractions, 
filtration through asbestos and evaporation gave an oil (0-09 g.) presumed to be 2-O-methyl- 
mannitol. Sodium acetate (0-1 g.) and acetic anhydride (2-0 ml.) gave a product which after 
two crystallisations from aqueous ethanol was 1,3,4,5,6-penta-O-acetyl-2-O-methyl-p-mannitol 
(0-06 g.), m. p. 102—102-5°. The mixed m. p. with the penta-acetate of the product E described 
above was 101-5—102-5°. The product E and 2-O-methyl-p-mannitol showed identical 
behaviour on paper chromatography and ionophoresis. Infrared spectra (in Nujol) of the penta- 
acetates over the range 5000—666 cm. were identical. A diffraction grating spectrometer 
(third-order spectrum) was used for the fine spectrum between 3158 and 2727 cm."}, in which 
the symmetrical C-H stretching frequency of the methoxyl] group is located. 

Analysis and Examination of the Boron Trichloride—Tri-O-methylenemannitol Complex.—The 
complex was obtained by adding excess of boron trichloride to a known weight of 1,3:2,5:4,6- 
tri-O-methylene-p-mannitol, complete dissolution being allowed to occur in a closed vessel and 
the excess of boron trichloride then removed under reduced pressure in anhydrous conditions. 
Determination of the molar ratio, boron trichloride: acetal, was made uncertain by the 
dependence of the final weight of residue on the extent to which the pressure is reduced; the 
average value with an oil-pump was 1-8, and with a water-pump 2-3. On analysis of the 
residue for chlorine no conclusive and reproducible results could be obtained, the values being 
dependent on the pH of the hydrolysate. 

The infrared spectrum of the complex was measured on a sample prepared by distilling boron 
trichloride (1-99 g.) in a closed system and condensing it on the trimethylenemannitol (0-02 g.); 
the latter was contained in a narrow tube having a constriction at its upper end and cooled to 
—80°. The acetal did not dissolve at this low temperature but allowing the mixture to attain 
room temperature caused complete dissolution. Excess of boron trichloride was removed 
by evacuation at a water-pump (protected to prevent back-diffusion of moisture). The tube 
containing the complex (0-06 g.) was sealed off at the constriction. The complex formed by 
1,4-dioxan and boron trichloride was prepared by adding dioxan (7-2 g.; distilled from sodium) 
to dichloromethane (10 ml.), cooling the whole to — 80°, then adding boron trichloride (2-3 g., 
0-25 mol.). After 15 min., the mixture was allowed to warm to room temperature. After 1 hr., 
volatile matter was removed at room temperature, first by a water-pump and then at 2 mm. 
The residue of white crystals (3-74 g.) was recrystallised from dichloromethane-light petroleum 
(b. p. 60—80°) under anhydrous conditions. The infrared spectra of both complexes were 
measured in carbon disulphide solution (see above). 


The authors are indebted to Dr. R. L. Williams for recording and interpreting the infrared 
spectra and thank Professor E. J. Bourne, Dr. A. Lovecy, and Mr. C. H. Miller for their interest. 


RoyaLt HoLtoway CoLiteceE (UNIVERSITY OF LONDON), ENGLEFIELD GREEN, 
EGHAM, SURREY. (Received, February 10th, 1960.} 
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Bradley and Katwar. 


578. N-Methyl Derivatives of Phthaloylacridones. 
By WILLIAM BrapLey and H. Katwar. 


A series of phthaloylacridones and their substitution products has been 
prepared and the influence of structure has been traced on melting point, 
solubility and light-absorption. N-Methylation modifies these properties. 

The results indicate steric restriction of the normal effect of the N-methyl 

group. 
TuE phthaloylacridones form a class of crystalline coloured compounds of high melting 
point and low solubility in organic media which exist in three isomeric amide-type forms ! 
with characteristic differences in chemical properties. 

2,3-Phthaloylacridone (I; R =H) is an orange-yellow compound,? which is almost 

insoluble in chlorobenzene. It forms a green derivative with methanolic potassium 
hydroxide in dry pyridine.* On being heated with methyl toluene-f-sulphonate and 
potassium carbonate in trichlorobenzene it forms an N-methyl derivative (I; R = Me) 
of lower melting point which is identical with the compound prepared by reaction of ethyl 
2-chloroanthraquinone-3-carboxylate with N-methylaniline and cyclisation of the product. 
The N-methyl derivative shows no reaction with the potassium hydroxide—pyridine 
reagent and is notably more soluble in organic solvents. It absorbs at the same wave- 
length as 2,3-phthaloylacridone itself, though the intensity is increased. These properties 
suggest the occurrence of. intermolecular hydrogen-bonding between ~NH- and C=O 
groups in two or more molecules of the parent acridone, a property which is lost on 
N-methylation. 


sores 


1,2-Phthaloylacridone* (Il; R =H) resembles the 2,3-isomer closely in melting 
point, solubility, and light absorption. It is a relatively strong acid which dissolves in 
alcoholic potassium hydroxide with a violet colour. The N-methyl derivative is non- 
acidic, more soluble in organic media, and lower-melting than the parent acridone, the 
properties of which are probably the result of intermolecular hydrogen-bonding. 

3,4-Phthaloylacridone® (III; R =H) is similar to 1l-anilinoanthraquinone in its 
red-violet colour, which indicates that it is a true acridone, not a hydroxyacridone. It is 
lower-melting and more soluble in organic solvents than its isomers, suggesting the 
occurrence of intramolecular hydrogen-bonding (IV). The effect of nuclear substitution 
on these properties is recorded in Tables 1 and 2. Electron-releasing substituents (Me, 
Pr, MeO, and EtO) displace max, towards higher values, whilst electron-attracting groups 
(Cl, Br, NO,) have the reverse effect, in agreement with the known influence of substituents 
on the availability of the unshared electrons of nitrogen. With all substituents the 
1-derivative absorbs at shorter wavelengths than the 3-isomer, an indication that inter- 
action of the nitrogen with the nucleus is reduced in the l-series, and suggesting that a 





(11) (111) 


' Mason, J., 1957, 4874, 5010. 

* Ullmann and Das Gupta, Ber., 1914, 47, 563. 
3 Bradley, J. Soc. Dyers and Colourists, 1942, 58, 2. 
‘ Ullmann and Sone, Annalen, 1911, 380, 340. 
> Ullmann and Ochsner, Annalen, 1911, 381, 6. 
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1-substituent has the additional steric effect of inhibiting movement of the -NH- hydrogen 
atom into the plane of the acridone ring. To test this view a corresponding series of 
N-methyl derivatives has been studied. (Tables 3 and 4.) 





N-Methylation of 3,4-phthaloylacridone displaces Anax, towards shorter wavelengths 
and N-ethylation has a slightly larger effect in the same sense. The result differs from 
that observed in the monomethylation of 1-aminoanthraquinone,® where the displacement 
is towards longer wavelengths owing to unrestricted electron-release by the methyl group 
and must be due to the inability of the N-methyl group to move into the plane of the 
acridone ring. Lack of planarity should be more pronounced with the N-Me than with 
the N-H derivative and the N-methylated compounds would be expected, as found, to 
absorb at shorter wavelengths, notwithstanding the electron-releasing effect of the methyl 
group. Again all the 1l- and 3-substituted N-methyl-3,4-phthaloylacridones examined 
absorbed at shorter wavelengths than the corresponding unmethylated compounds, the 
effect of a substituent being almost the same whether the 1- or 3-position was occupied. 
The effect of N-methylation was least with the 3-nitro-derivative which already absorbed 
at a lower wavelength than any of the other compounds examined. 

It is worthy of note that the main absorption maxima were the same throughout the 
series whether the medium was o-dichlorobenzene or pyridine. Displacement of Amax. 
towards shorter values was also found on N-methylation of 5,6-phthaloyl-1,2-benzacridone 
(V) (Table 5). 

In every example N-methylation reduces the extinction coefficient, a result which 
follows diminished resonance due to steric factors.?/ The solubility of 3,4-phthaloyl- 
acridone in o-dichlorobenzene was increased by every substituent investigated, the largest 
effect being in the l-position. The t-butyl group caused the largest enhancement. Again 
N-methylation increased the solubility throughout the whole series. The lack of a specific 
effect of substituents suggests that whether they are attached to nitrogen or to the nucleus 
they enhance solubility by hindering the association of phthaloylacridone molecules. 
A similar result is seen in 3,3-di-t-butylflavanthrone which is readily soluble in benzene ® 
whilst flavanthrone itself is very sparingly soluble in any organic solvent. 

N-Methylation of the phthaloylacridones notably reduces the cotton affinity of the 
parent compounds. It thus appears that the vat-dyeing property of the phthaloyl- 
acridones is due in the main to the formation of hydrogen bonds between their NH groups 
and oxygen of cellulose. 

The light absorption, solubility, and cotton-affinity relationships of the phthaloyl- 
acridones are parallel to those observed with indanthrone.? The parent compound (VI) 
has marked affinity for cellulose and is sparingly soluble in organic media, but the solubility 
increases progressively with mono- and di-methylation; at the same time Amax, is displaced 
towards shorter values and the affinity for cellulosic fibres is reduced. 

N-Methyl-3,4-phthaloylacridone and its substitution products also sublime more 
readily than the unmethylated derivatives. 


* Peters and Sumner, J., 1953, 2105. 

? Crombie, Quart. Rev., 1952, Vol. VI, p. 115. 
8 Bradley and Nursten, J., 1951, 2170. 

® Bradley and Leete, J., 1951, 2129 
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Several of the phthaloylacridones examined had been prepared already. The remainder 
were made by established methods, a derivative of aniline being brought into reaction 
with methyl 1-chloroanthraquinone-2-carboxylate, or a derivative of anthranilic acid 
being condensed with 1-chloroanthraquinone, the products so obtained being then cyclised 
to form derivatives of acridone. The following derivatives of 3,4-phthaloylacridone are 
new or are known compounds for which additional data are given: 5-methyl-, 7-methyl-, 
5-t-butyl-, 7-t-butyl-, 5-methoxy-, 5-ethoxy-, 7-ethoxy-, 5-chloro-, 7-chloro-, 5-bromo, 
7-bromo-, 7-nitro-. The last was identical with the mononitro-derivative of 3,4-phthaloyl- 
acridone prepared by direct nitration, and the 7-bromo-derivative with the product of 
direct bromination.5 

EXPERIMENTAL 

Cyclisation to the acridones of Table 1 was by heating with concentrated sulphuric acid 
in three cases. Under these conditions 1-p-tolylaminoanthraquinone-2-carboxylic acid gave 
a sulphonic acid, but cyclisation succeeded when the carboxylic acid (5 g.), acetyl chloride 
(5 g.), and nitrobenzene (40 c.c.) were stirred at 130° for 30 min. and then at the b. p. of the 


mixture fora few min. This method was also used for the preparation of 5-methyl-3,4-phthaloyl- 
acridone. 


TABLE 1. Derivatives of 3,4-phthaloylacridone. 
Found (%) Required (%) 











= = "si — 
Subst. M. p. Compn. Cc H N Ci/Br C H N_ Cl/Br 
7-Me* _...... 326—327° C..H,,0,N 78 38 41 — 7178 38 41 — 
SS Sdisinius 340—341 Cy,H,,0,N 7) hUG)lCOUH. — 1S, B.C Oe 
BE cesessess 300—301 -CogH,O,N 786 49 36 — 72837 +49 37 =— 
eee 299—300 CygH,,O,N 783 50 34 — 77 49 37 — 
OS 338—339 Cy.H,,0,N 740 35 40 — 744 37 40 — 
ee 378—380 C.3H,,0,N 747 40 3-8 — 748 40 3-8 _ 
SOR ......... 334—335 Cy3H,,0,N 45 #39 #39 — 748 40 38 — 
ee 355—356 CyH,O,NCl 700 26 41 101 702 28 39 99 
BEI noccceee 317—318 C,H,O,NClL 699 30 42 101 702 28 39 99 
GRES nccccice 341—342 C,H,O,NBr 630 29 34 195 633 25 35 198 
ae 311—312 C,,H,,O,;NBr 63-3 24 36 198 633 25 35 198 
7-NO,* ...... 357—358 Co,HypO,Ny os 97 #73 — e686 937° 7% — 
TABLE 2. Derivatives of 3,4-phthaloylacridone. 
Solubility in Solubility in 
Amax. (Mp) Amax. (My) o-C,H,Cl, Amax. (Mp) max. (mp) o-C,H,Cl, 
in (in at 20° (in (in at 20° 
Subst. o-C,H,Cl,) pyridine) (g./100c.c.) Subst. 0-C,H,Cl,) pyridine) (g./100c.c.) 
Unsubst. 516 (0-80) 516 (0-80) 0-013 7-NO, ... 485 (0-78) — 0-060 
: 526 (0-74) 526 (0-76) 0-076 5-Me ...... 520 (0-75) 520 (0-76) 0-082 
7-But ...... 520 (0-75) 520 (0-75) 0-230 5-But ... 516 (0-74) 516 (0-74) 1-100 
7-OMe ... 540 (0-56) 540 (0-57) 0-055 5-OMe ... 530 (0-67) 530 (0-68) 0-062 
7-OEt ... 540 (0-60) == 0-014 5-OEt ... 532 (0-66) ~~ 0-018 
eee 512 (0-78) 512 (0-78) 0-020 ee’ Se 505 (0-76) 505 (0-78) 0-024 
a 512 (0-74) 512 (0-74) 0-052 Spee 504 (0-76) 504 (0-78) 0-140 


1-p-t-Butylanilinoanthraquinone-2-carboxylic acid was cyclised by heating 0-005 mol. of 
it with phosphorus pentachloride (0-006 mol.) until the chloride was formed, then cooling, 
adding anhydrous aluminium chloride (0-02 mol.), and heating the whole at 60° until formation 
of the acridone was complete. The same procedure was used in the preparation of 5-t-butyl-, 
5-methoxy-, 7-methoxy-, 5-ethoxy-, 7-ethoxy, 5-bromo-, and 7-bromo-3,4-phthaloylacridone. 
All the derivatives crystallised readily from nitrobenzene and sublimed as red to violet needles 
of leaflets, with the exception of 7-nitro-3,4-phthaloylacridone which was orange-red. Each 
gave a vivid grass green colour when a drop of concentrated methanolic potassium hydroxide 
was added to its solution in dry pyridine. 

N-Methyl-3,4-phthaloylacrifone.—Finely powdered 3,4-phthaloylacridone (0-005 mol.) was 
heated in an open flask with anhydrous potassium carbonate (0-05 mol.) and 1,2,4-trichloro- 
benzene (300c.c.) until moisture had been expelled. Methyl toluene-p-sulphonate (0-05 mol.) was 


10 Friedlander, 1910, 10, 708. 
11 —D.R.-P. 551,885; Friedlander, 1934, 19, 2078. 
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TABLE 3. Derivatives of N-methyl-3,4-phthaloylacridone. 
Yiela Found (%) Required (%) 
1e A. ae ae 


——— <j] - ——— 
Subst. M. p. (%) Compn. Cc H N CiV/Br C H N Cl/Br 
7-Me ... 288—289° 42 C,3;H,,0,N 778 44 4:0 a 78-2 4-2 4:0 — 
5-Me ... 250—251 25 C,,H,,0,N 781 45 4-0 — 78-2 4-2 40 _— 
7-But ... 250—251 39 Cy,H,,0,N 78:9 53 3-9 — 790 53 3-6 — 
7-OMe ... 300—301 39 C,,H,,0,N 746 3-9 3-9 748 4-0 3-8 — 
5-OMe ... 247—248 28 C,,H,,0,N “6 46 386 —- 4 4 8 — 
7-OEt ... 267—268 41 Cy4H,,O,N 750 45 3-6 - 75-1 44 3-7 
5-OEt ... 227—228 28 C,,H,,0O,N 750 45 3-6 — 75-1 44 37 — 
PAS wtcics 346—347 50 C,.H,,0O,NCl 70-4 3-3 3-9 98 706 3-2 3-7 9-5 
7. oe 258—259 43 CyH,,O,NCl 709 35 36 91 706 32 37 5 
TBE 20000 329—330 49 CyH,,O,NBr 635 28 33 190 634 29 34 19:3 
5-Br ...... 289—290 26 Cy.H,,O,NBr 636 31 31 192 634 29 34 193 
7-NO, ... 330—331 55 Cy.H,,0,N. 68-5 2-8 6-9 68-8 3-1 73 - 
TABLE 4. Derivatives of N-methyl-3,4-phthaloylacridone. 
Solubility in Solubility in 
Amax. (my) Amax. (mp) o-C,H,Cl, Amax. (my) Amaz. (my) o-C,H,Cl, 
(in (in at 20° in (in at 20° 
Subst. o-C,H,Cl,) pyridine) (g./100c.c.) Subst. o-C,H,Cl,) pyridine) (g./100c.c.) 
Unsubst. 504 (0-62) 504 (0-62) 0-110 7-NO, ... 480 (0-70) — 0-300 
WD ecsive 512 (0-68) 512 (0-68) 0-133 5-Me ...... 506 (0-60) 506 (0-61) 0-435 
7-Bu‘ ...... 512 (0-67) 512 (0-67) 0-340 5-OMe ... 516 (0-56) 516 (0-56) 0-320 
7-OMe ... 525 (0-53) 525 (0-53) 0-328 5-OEt ... 515 (0-55) —_ 0-551 
7-OEt...... 522 (0-56) — 0-135 eer 495 (0-48) 495 (0-50) 0-230 
> ees 498 (0-56) 498 (0-60) 0-125 BU cceivs 495 (0-60) 495 (0-64) 0-240 
= “seen 502 (0-68) 502 (0-69) 0-092 


then added and the reaction continued with stirring under reflux for 48 hr. The suspension was 
then filtered, the residue was extracted with fresh hot solvent (200 c.c.), and the combined 
filtrate and extract were filtered, cooled, mixed with benzene (150 c.c.), and chromatographed 
on alumina. Three zones were formed and were developed with benzene. The lowest band 
was red; the adsorbed derivative was eluted with hot ethyl acetate (500 c.c.) and recovered 
after concentration as red needles (0-745 g., 44%), m. p. 317—318°. Further crystallisation 
from o-dichlorobenzene gave N-methyl-3,4-phthaloylacridone, m. p. 320—321° (Found: C, 77-8; 
H, 4:0; N, 4-2. C,,H,,0,N requires C, 77-9; H, 3-8; N, 4:1%). This was the method used, 
with small variations, in all the preparations recorded in Table 3. Each derivative was 
purified by chromatography on alumina and was present in the most mobile of the bands on 
the column. None showed any colour change when methanolic potassium hydroxide was 
added to its solution in dry pyridine. 

Yields were generally lower with the 5-derivatives; 5-t-butyl-3,4-phthaloylacridone could 
not be converted into an N-methyl derivative. 

When the period of heating was 8 hr. the yield of N-methyl-3,4-phthaloylacridone was 
10%. The same derivative was formed under the following conditions. (a) 3,4-Phthaloyl- 
acridone (1-62 g.) was heated for 5 min. at, 130° with powdered potassium hydroxide (2-8 g.) and 
methanol (1 c.c.). The resulting dark mass was powdered and then heated with methyl iodide 
(19-8 g.) at 150° for 48 hr. The cooled product was extracted with 1,2,4-trichlorobenzene 
(500 c.c.), and the filtered extract was mixed with benzene (250 c.c.) and chromatographed on 
alumina. The most mobile band gave N-methyl-3,4-phthaloylacridone (24%), m. p. 320— 
321° (Found: C, 77-8; H, 4:0; N, 4:2%). (6) Repetition of experiment (a) but with methyl 
sulphate (12-8 g.) gave the same N-methyl derivative (30%). 

N-Ethyl-3,4-phthaloylacridone was formed when 3,4-phthaloylacridone (1-62 g.) was refluxed 
for 48 hr. with ethyl toluene-p-sulphonate (10 g.) and anhydrous potassium carbonate (6-9 g.) 
in 1,2,4-trichlorobenzene (300 c.c.). The derivative (43%) crystallised from o-dichlorobenzene 
as dark red needles, m. p. 368—369° (Found: C, 78-1; H, 3-8; N, 4-0. C,,;H,;0,N requires 
C, 78:2; H, 4:2; N, 40%). 

N-Methyl-2,3-phthaloylacridone.—This derivative was formed in 95% yield by 5 hours’ 
refluxing and stirring of 2,3-phthaloylacridone (1-62 g.) with anhydrous potassium carbonate 
(6-9 g.) and methyl toluene-p-sulphonate (18-6 g.) in 1,2,4-trichlorobenzene (200 c.c.). It 
crystallised from o-dichlorobenzene as yellow needles, m. p. 349—350° (Found: C, 77-8; H, 3-9; 
N, 3:7. Cg9H,,0,N requires C, 77-9; H, 3-8; N, 41%). 
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N-Methyl-1,2-phthaloylacridone, prepared similarly from 1,2-phthaloylacridone in 94% 
yield, crystallised from o-dichlorobenzene as yellow needles, m. p. 351—352° (Found: C, 77-3; 
H, 4:2; N, 4:1. C,.H,,0,N requires C, 77-9; H, 3-8; N, 41%). 

N-Methyl-5,6-phthaloyl-1,2-benzacridone was obtained in 40% yield by applying the standard 
conditions of methylation to 5,6-phthaloyl-1,2-benzacridone. After purification by chromato- 
graphy it crystallised from o-dichlorobenzene as red needles, m. p. 366—367° (Found: C, 80-0; 
H, 3:8; N, 3-7. C,,H,,O,N requires C, 80-2; H, 3-9; N, 3-6%). 

The following new compounds were made in the course of preparing the acridones and their 
N-methy] derivatives. 

1-p-t-Butylanilinoanthraquinone was formed by 8 hours’ refluxing of 1-chloroanthraquinone 
(5 g.), p-t-butylaniline (6 g.), anhydrous potassium carbonate (2-8 g.), cupric acetate (0-3 g.), 
and copper bronze (0-1 g.) in 1,2,4-trichlorobenzene (100c.c.). After crystallisation from ethanol 
the derivative was obtained as deep purple plates (5-0 g.), m. p. 147-5° (Found: C, 81-0; H, 
5-9; N, 42. C,,H,,O,N requires C, 81:2; H, 5:9; N, 3:9%). 

Methyl p-t-butylanilinoanthraquinone-2-carboxylate, prepared by refluxing for 12 hr. in 
pentyl alcohol (65 c.c.) a mixture of methyl 1-chloroanthraquinone-2-carboxylate (3 g.), 
p-t-butylaniline (3 g.), anhydrous calcium carbonate (2 g.), cupric acetate (0-1 g.), and copper 
bronze (0-1 g.), crystallised from ethanol as red plates (3-6 g.), m. p. 133—134° (Found: N, 
3-0. CygH,,0,N requires N, 3-4%). 1-p-t-Butylanilinoanthraquinone-2-carboxylic acid, pre- 
pared from this ester by hydrolysis with alcoholic potassium hydroxide, crystallised from acetic 
acid as violet needles, m. p. 265—266° (Found: C, 74-9; H, 5-4; N, 3-6. C,,H,,0,N requires C, 
75-2; H, 5-2; N, 3°5%). 


TABLE 5. 
Solubility in 
Amax. (my) Amax. (My) a-C,H,Cl, at 20° 
Substance (in o-C,H,Cl,) (in pyridine) (g./100 c.c.) 
N-Ethyl-3,4-phthaloylacridone ................+ 510 = (0-75) — 0-88 
2,3-Phthaloylacridome .............c.seseesesseesees —_ 400 (1-04) Very small 
N-Methyl-2,3-phthaloylacridone ................+ — 400 (1-22) 0-090 
D See ADOT MUCENOUEE oo .cccccenecevsscsescaccedense -- 400 = (1-13) Very small 
N-Methyl-1,2-phthaloylacridone ................+. — 400 (1-28) 0-104 
5,6-Phthaloyl-1,2-benzacridone (IV) ............ 515 = (0-90) =e 0-041 
N-Methyl1-5,6-phthaloyl-1,2-benzacridone ...... 505 = (0-66) 0-092 


Numbers in parentheses are values of 10“*e. Each compound shows absorption in the 315— 
370 mp region in addition to the bands recorded in the Tables. 


Methyl o-t-butylanilinoanthraquinone-2-carboxylate, prepared similarly, crystallised from 
acetone as red plates, m. p. 130—131° (Found: N, 3-4. C,,H,,0,N requires N, 3-4%). The 
acid crystallised from acetic acid as red needles, m. p. 258—259° (Found: C, 75-6; H, 5-2; 
N, 3-6. C,;H,,O,N requires C, 75-2; H, 5-2; N, 35%). 

Methyl 1-0-chloroanilinoanthraquinone-2-carboxylate crystallised from ethanol as red leaflets, 
m. p. 222—224° (Found: C, 67-2; H, 3-6; N, 3-5; Cl, 9-2. C,,H,,O,NCI requires C, 67-5; 
H, 3-5; N, 3-5; Cl, 89%). The p-isomer crystallised from acetone as red needles, m. p. 184— 
185° (Found: C, 67-7; H, 3-2; N, 3-4; Cl, 86. C,,H,,O,NCI requires C, 67-5; H, 3-5; N, 3-5; 
Cl, 89%). 1-p-Chloroanilinoanthraquinone-2-carboxylic acid crystallised from acetic acid as 
red plates, m. p. 307—308° (Found: C, 66-2; H, 3-3; N, 3-6; Cl, 9-7. Calc. for C,,H,,O,NCI: 
C, 66-5; H, 3-1; N, 3-7; Cl, 9-4%) (cf. D.R.-P. 237,236 1). Methyl 1-0-bromoanilinoanthra- 
quinone-2-carboxylate was obtained from ethanol as bright red needles, m. p. 163—164° (Found: 
C, 60-2; H, 2-9; N, 3-6; Br, 18-0. C,.H,,O,NBr requires C, 60-5; H, 3-2; N, 3-2; Br, 18-3%); 
the derived acid separated from acetic acid as red needles, m. p. 233—234° (Found: C, 60-0; 
H, 3-0; N, 3-1; Br, 18-9. C,,H,,O,NBr requires C, 60-0; H, 2-8; N, 3-3; Br, 19-0%). The 
p-bromoanilino-estey crystallised from acetone as wine-red needles, m. p. 190—191° (Found: 
C, 60-6; H, 3-4; N, 3-6; Br, 17-9. C,,H,,O,NBr requires C, 60-5; H, 3-2; N, 3-2; Br, 18:3%), 
and its acid as wine-red needles (from acetic acid), m. p. 306—307° (Found: C, 59-9; H, 2-8; 
N, 3-6; Br, 18-6. C,,H,,O,NBr requires C, 60-0; H, 2:8; N, 3:3; Br, 190%). Methyl 
1-0-nitroanilinoanthraquinoner2-carboxylate was obtained in only 40% yield; it crystallised 
from acetic acid as orange-red needles, m. p. 245—246° (Found: C, 65-4; H, 3-4; N, 7:2. 
C,,H,,0O,N, requires C, 65-7; H, 3-5; N, 7-0%). The p-nitroanilino-ester, formed in 50% yield, 
crystallised from acetone as orange-red needles, m. p. 276—277° (Found: C, 65-3; H, 3-6; 
N, 7:2%). 
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1-0-Ethoxyanilinoanthraquinone-2-carboxylic acid was prepared directly by 5 hours’ refluxing 
of 1-chloroanthraquinone-2-carboxylic acid (5-73 g.), o-phenetidine (5-48 g.), dry calcium 
carbonate (4 g.), cupric acetate (0-2 g.), and copper bronze (0-1 g.) in pentyl alcohol (120 c.c.). 
It was obtained from acetic acid as purple needles, m. p. 237—-238° (Found: C, 71-0; H, 4-1; 
N, 3-3. C,3H,,0O,;N requires C, 71-3; H, 4-4; N, 36%). The p-ethoryanilino-acid formed 
violet needles, m. p. 245—246° (Found: C, 70-9; H, 4-2; N,3-3%). The o-methoxyanilino-acid 
crystallised from acetic acid as red-violet needles, m. p. 220—220-5° (Found: C, 70-8; H, 3-7; 
N, 3-5. C,.H,,0;N requires C, 70-8; H, 4-0; N, 38%) and the p-methoxy-isomer had m. p. 
288—289° (Found: C, 70-5; H, 4:2; N, 3-5%). 

2-A nilino-1-cyanoanthraquinone.—-2-Bromo-1-cyanoanthraquinone (6-24 g.), aniline (62-4 g.), 
dry calcium carbonate (6 g.), cupric acetate (0-2 g.), and copper bronze (0-1 g.) were refluxed 
for 30 min. The resulting deep purple solution was distilled in steam, and the residue extracted 
with dilute hydrochloric acid. The insoluble product crystallised from acetic acid as dark red 
needles (85%), m. p. 309—310° (Found: C, 77-1; H, 3-7; N, 8-9. C,,H,,O,N,. requires 
C, 77:5; H, 3-7; N, 86%). It dissolved in pyridine, forming an orange-red solution which 
was changed to deep green on the addition of methanolic potassium hydroxide. The green 
colour (potassium salt) was fairly stable towards dilution with methanol or benzene though 
ultimately the original orange-red colour was restored. 

N - Methyl - p- nitroanilinoanthraquinone.—Finely divided 1--nitroanilinoanthraquinone 
(1-72 g.) was heated in an open flask with dry potassium carbonate (6-9 g.) and 1,2,4-trichloro- 
benzene (200 c.c.) until moisture had been expelled. A solution of methyl toluene-p-sulphonate 
(9-3 g.) in trichlorobenzene (150 c.c.) was then added during 1 hr. to the suspension which was 
heated under reflux. After 3 hr. the suspension was filtered, the residue washed with the 
solvent, and the combined filtrates were evaporated to 500 c.c., then cooled, mixed with benzene 
(200 c.c.), and chromatographed on alumina. Two zones formed. The more mobile, red zone 
was eluted with trichlorobenzene and N-methyl-p-nitroanilinoanthraquinone obtained (22%) as 
bright red plates, m. p. 233—234° (Found: C, 70-1; H, 4:2; N, 7-4. C,,H,,O,N, requires 
C, 70-4; H, 3-9; N, 7°8%), which showed no change in colour when methanolic potassium 
hydroxide was added to its solution in pyridine. In the same test the original unmethylated 
derivative changed in colour from red to purple. 


We acknowledge with thanks a grant from the A. G. Perkin Bequest (University of Leeds) 
to one of us (H. K.). 
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579. The Photochemistry of Verbenone.’ 
By J. J. Hurst and G. H. WHITHAM. 


When verbenone (I) in cyclohexane is irradiated with ultraviolet light 
it is converted into the isomeric ketone chrysanthenone (II). In ethanol, 
wet ether, or ethereal ammonia there are obtained, in addition, the esters 
(XI) and (XII; X = OEt), the acid (XII; X = OH), and the amide (XII; 
X = NH,) respectively. 


A stupy of the photochemistry of verbenone (I) was initiated in the expectation that 
rearrangements would occur owing to the presence of an a$-unsaturated ketone chromo- 
phore in a fused-ring system with the 8-position adjacent to a tertiary centre. In particular 
it was hoped that one of the transformation products would be the terpene ketone 
chrysanthenone (II),? * thereby providing a relatively simple synthesis of this otherwise 
inaccessible compound. 

* The identity of chrysanthenone with “ car-3-ene 5,6-epoxide ”’ * has been suggested by Blanchard 4 
and confirmed by Kotake and Nonaka. 


1 Preliminary communication: Hurst and Whitham, Proc. Chem. Soc., 1959, 160. 
® Kotake and Nonaka, Annalen, 1957, 607, 153. : 

® Penfold, Ramage, and Simonsen, J., 1939, 1496. 

# Blanchard, Chem. and Ind., 1958, 293. 

5 Nonaka, personal communication. 
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Preliminary experiments involved the irradiation of verbenone in ethanol with ultra- 
violet light. The crude product showed infrared bands at 1780 (cyclobutanone?), 1720— 
1740 (ester C=O), and 1675 cm.+ (C=O of verbenone). Evidently esters were being 
produced by the interaction of ethanol with the system and further irradiations were 
carried out, at this stage, in cyclohexane. In this way crude material was obtained which 
had infrared bands at 1780 and 1675 cm. only, in the carbonyl region. The substance 
responsible for the former band was obtained pure by chromatography. Analysis, 
together with the boiling point, indicated that it was an isomer of verbenone and the 
spectral properties {infrared bands at 3030 and 1660 (isolated C=C) and 1780 cm.*} (cyclo- 
butanone), Amax, 290 my (¢ 120)] are consistent with structure (II), that of chrysanthenone. 
In particular the abnormally high value of the extinction coefficient of the band at 290 mu 
is characteristic of a By-unsaturated ketone in which interaction of the double bond and 
carbonyl group can occur.® 

Structure (II) for the photo-isomer of verbenone was confirmed as follows. Reduction 
with lithium aluminium hydride gave an unsaturated alcohol, reoxidisable to the starting 
ketone with pyridine-chromium trioxide. The unsaturated alcohol was characterised 
as its crystalline 3,5-dinitrobenzoate and the latter was shown to be identical, by direct 
comparison, with the corresponding derivative similarly obtained from natural chrysanthe- 
none.2* The stereochemistry of the unsaturated alcohol, chrysanthenol (III), is assigned 
as shown on the basis of preferred attack by hydride from the side remote from the gem- 
dimethyl group, 7.e., (V—+» VI). Kotake and Nonaka’s proof of the structure of 
chrysanthenone excludes formula (IV), which would be produced by migration of the 
methylene bridge, for the photo-isomer. 

During the attempted hydrolysis of the 3,5-dinitrobenzoate of chrysanthenol with 
methanolic alkali, the isomeric aldehyde’ (VIII), characterised as its 2,4-dinitrophenyl- 
hydrazone, was obtained. This easy ring opening presumably proceeds as shown (VII) 
and is facilitated by the release of strain associated with the fused ring system. Chrysan- 
thenol was readily regenerated from its 3,5-dinitrobenzoate by cleavage with lithium 
aluminium hydride. 

Since (+-)-verbenone is derived from (+-)-«-pinene it has the absolute configuration 
shown in formula (I). The photochemical conversion of a sample of verbenone ({aJ, 
-++-222°) into chrysanthenone gave optically active material, {«], +37°. Regardless of the 
precise mechanism of the change it seems highly unlikely that specific inversion of 
configuration at Cy) t would occur, though, as shown below, the chrysanthenone has a 
lower optical purity than the verbenone from which it is derived. The transformation 
thus relates the configuration of verbenone to that of chrysanthenone, the (+-)-enantiomer 
of which is to be represented as in (II), 7.e., a derivative of (—)-«-pinene. 

This photochemical route to chrysanthenone may be of biogenetic significance. 
Mechanistically it is probably best represented as a redistribution of electrons in the 
excited state (IX) involving cleavage of the weakest bond (1,6) and migration of the 
gem-dimethyl bridge to C,._ There is no evidence for the reversibility of this step. 

The products obtained from irradiation of verbenone in ethanol were then re-investig- 
ated. Chromatography of the crude product gave two esters besides chrysanthenone 
and unchanged verbenone. One, which predominated, was an «$-unsaturated ester since 
it had infrared bands at 1720 (conjugated ester C=O) and 1650 cm. (conjugated C=C), 
and its ultraviolet absorption showed Amax, 215 my. (e 9800). The other was a non-conjugated 


* We are indebted to Dr. H. Nonaka, Osaka City University, for the authentic sample. 
+ Numbering as for pinane.® 


* Cookson and Wariyar, J., 1956, 2302. 

7 Jitkow and Bogert, J. Amer. Chem. Soc., 1941, 68, 1979. 

8 Birch, Ann. Reports, 1950, 47, 191. 

* “T.U.P.A.C. Nomenclature of Organic Chemistry, 1957,’’ Butterworths, London, 1958, rule 
A-72.1. 
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ester as shown by the infrared spectrum (band at 1745 cm.-) and the lack of selective 
ultraviolet absorption. 


MC. Ca, A, AR 72 


Ris. (IIT) (IV) (V1) 


Bam O 


(VII) (viii) CHO (1X) 


The structure of the «$-unsaturated ester was assigned as follows. Analysis, the 
absorption of two mol. of hydrogen on hydrogenation, and the spectral data indicated an 
acyclic structure. Hydrolysis of the hydrogenation product gave tetrahydrogeranic acid, 
thus giving partial formula (X), with an additional double bond, for the parent ester. 
That it is ethyl geranate (XI) followed from the absence of methylenic infrared absorption 
and from the fact that treatment with sodium methoxide followed by hydrolysis gave no 
conjugated diene acid. Authentic ethyl geranate, prepared from citral,! had an infrared 
spectrum similar to but not identical with that of the above conjugated ester. That the 
two samples differed in geometrical isomer content was shown by their nuclear magnetic 
resonance spectra which indicated that the ethyl geranate from citral contained a 
preponderance of the trans-isomer (ethoxycarbonyl trans to main chain) while the ethyl 
geranate from verbenone contained more of the ciszisomer. 

The non-conjugated ester from the irradiation of verbenone in ethanol was shown to 
be the unconjugated isomer (XII; X = OEt) of ethyl geranate by hydrogenation to 
ethyl tetrahydrogeranate and by its identity with the ethyl ester obtained from the acid 
(XII; X = OH) (see below). 


(X) CHMeyCHyCHy°CH,*CMe=CH'CO, Et CMe,=CH*CH4*CH,y*CMe=CH'CO,Et (XI) 
CMe,=CH'CHyCH=CMeCHyCO*X (XII) 


The irradiation of verbenone in the presence of other nucleophiles was also investigated. 
In aqueous ether the unconjugated acid (XII; X = OH) was the sole acidic product, 
while ethereal ammonia led to the formation of the amide (XII; X = NH,). These 
structures were assigned on the basis of hydrogenation and spectral data. 

The formation of these products and the ethyl geranates is regarded as proceeding via 
the keten(s) (XIV, XV) produced by isomerisation of chrysanthenone (XIII), the reaction 
being initiated by cleavage of the weakest bond Cq)-Cg@. In agreement with this, 
irradiation of chrysanthenone in the presence of nucleophiles gave the same products as 
were obtained from verbenone. Apparently, however, yields are higher when starting 
from verbenone, so there may be a route whereby an excited state of verbenone can 
collapse directly to the keten. That keten formation can proceed either photochemically 
or thermally from chrysanthenone is indicated by the isolation of the same acid (differences 
in geometrical isomer content being neglected) from both types of reaction with water. 

The formation of unconjugated products on reaction of the keten with water and 
ammonia can be interpreted as involving 1,2-addition (XVI), while formation of a 
preponderance of the conjugated ester with ethanol is explained by competing 1,4-addition 


1 Bernhauer and Forster, J]. prakt. Chem., 1936, 147, 199; Kappeler, Griitter, and Schinz, Helv. 
Chim. Acta, 1953, 36, 1862. 
11 Burrell, Jackman, and Weedon, Proc. Chem. Soc. 1959, 263. 
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(XVII). The latter may be due to a greater stabilisation of the transition state for 
1,4-addition in line with the greater conjugative power of the ester group than of carboxyl 


) 
(XIII) (XIV) (XV) 


O-H w—~ _¥O~H 
CsHy*CH= CMe-CH = Co¥ CsHy-CH =CMe— CH=Co 
n< x “a <_ OEt 
(XVI) X-H EtO-H (XVII) 


or amide groups. An alternative explanation involving isomerisation of previously 
formed unconjugated ester (XII; X = OEt) was rendered untenable by the finding that 
pure unconjugated ester, obtained from the corresponding acid, was unaffected either by 
the conditions of the reaction or by prolonged contact with neutral alumina. 

Additional evidence in favour of a keten intermediate was obtained from the observ- 
ation that the optical rotation of isolated chrysanthenone was lower the longer the period 
of irradiation in cyclohexane. In the absence of nucleophiles, keten formation from 
chrysanthenone would still be expected to occur, the only reactions available to it being 
either polymerisation or recyclisation to chrysanthenone. In the latter case -racemic 
material would result, thereby explaining the fall in the rotation of chrysanthenone. 

Ketens have previously been postulated as intermediates in a number of cases where 
carboxylic acids or their derivatives are produced in photochemical transformations 
of ketones.” 


EXPERIMENTAL 


Ultraviolet and infrared spectra were determined for EtOH and CCl, solutions respectively. 
Light petroleum refers to the fraction of b. p. 40—60°. Unless otherwise stated alumina for 
chromatography is of activity III. 

Verbenone.—trans-Verbenol (12 g.) in light petroleum (300 c.c.) was treated with neutral 
active manganese dioxide ™ (120 g.), and the mixture was stirred until heat was no longer 
evolved and then shaken at 20° during 1 hr. After filtration the liquid was evaporated and 
distilled to give verbenone (8 g., 65%), b. p. 102—105°/12 mm., m,,'* 1-4957, Amax, 253 my 
(¢ 6730). Moore and Fisher ' report n,*° 1-4961, Amax, 253 my (¢ 6840), for verbenone obtained 
by autoxidation of «-pinene and purified through the semicarbazone. 

Chrysanthenone.—Verbenone (1-25 g.) in cyclohexane (125 c.c.) was irradiated under reflux 
in a quartz flask with ultraviolet light from a Hanovia U.V. S. 500 mercury-arc lamp during 
3 hr. (in preliminary runs the course of the reaction was followed by the disappearance of the 
characteristic ultraviolet absorption peak of verbenone). After evaporation of the cyclohexane 
the residue was taken up in light petroleum, filtered from a small amount of polymer, and 
adsorbed on a column of alumina. Elution with light petroleum gave chrysanthenone (0-58 g., 
47%,) sufficiently pure for further transformations. Further elution of the column with light 
petroleum-ether (4: 1) gave unchanged verbenone (0-41 g.). 

Further purification, of the chrysanthenone was effected by chromatography in light 
petroleum on a column of activated charcoal—Celite (1:1). Material obtained from verbenone 
of []) +222°, when purified in this way, had b. p. 88—89°/12 mm. n,* 1-4720, [a], +37° 
(c 2-1 in CHCl), Amax, 290 my (¢ 120) (Found: C, 79-7; H, 9-25. Calc. for C,gH,,O: C, 79-95; 
H, 94%). After irradiation for 9 hr. the chrysanthenone obtained had [a], + 14°. 

Irradiation in dry ether gave similar results. 


* Barton and Quinkert, J., 1960, 1; Van Tamelen, Levin, Brenner, Wolinsky, and Aldrich, J. 
Amer. Chem. Soc., 1959, 81, 1666. 

13 Henbest, Jones, and Owen, /., 1957, 4909. 

™ Moore and Fisher, /. Amer. Chem. Soc., 1956, 78, 4362. 
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Chrysanthenol.—Chrysanthenone (0-5 g.) was reduced with lithium aluminium hydride 
(0-13 g.) in ether (20 c.c.) in the usual way. The crude product was adsorbed from light 
petroleum on a short column of alumina; elution with light petroleum gave a trace of unchanged 
chrysanthenone, and further elution with light petroleum-ether (98:2) gave chrysanthenol 
(0-31 g.,62%). The 3,5-dinitrobenzoate (needles from ethanol) had m. p. 114—116° undepressed 
on admixture with a sample of the 3,5-dinitrobenzoate of chrysanthenol derived from 
natural chrysanthenone. The highly characteristic infrared spectra of the two samples were 
identical (Found: C, 59-25: H, 5-1; N, 8-25. Calc. for C,,H,,N,O,: C, 58-95; H, 5-25; 
N, 81%). 

Oxidation of Chrysanthenol—Chrysanthenol (0-1 g.) in pyridine (2 c.c.) was added to 
pyridine-chromium trioxide complex [from chromium trioxide (0-2 g.)]. After 16 hr. water was 
added and the product was isolated with ether; its infrared spectrum was essentially the same 
as that of pure chrysanthenone. 

Alkaline Cleavage of the 3,5-Dinitrobenzoate of Chrysanthenol.—The 3,5-dinitrobenzoate 
(0-33 g.) was heated under reflux with 5% methanolic potassium hydroxide (5 c.c.) during 2 hr. 
After addition of water the product was isolated with ether as an oil (0-1 g.), the infrared 
spectrum of which had bands at 2700 (C-H of aldehyde) and 1722 cm. (CO of aldehyde). 
This was converted into the 2,4-dinitrophenylhydrazone in the usual way. Chromatography 
on alumina and elution with chloroform gave 4-formy]-1,3,3-trimethylcyclohexene 2,4-dinitro- 
phenylhydrazone, needles (from ethanol), m. p. 161—162°. Jitkow and Bogert’ give m. p. 
164—165°. 

Regeneration of Chrysanthenol from the 3,5-Dinitrobenzoate.—The 3,5-dinitrobenzoate (0-93 g.) 
in dry ether was heated under reflux with lithium aluminium hydride (1-5 g.) during 2hr. The 
product (0-43 g.), isolated in the usual way, was chromatographed on alumina. Elution with 
light petroleum gave some hydrocarbon; further elution with light petroleum-—ether (20: 1) 
gave chrysanthenol (0-3 g.), identified by its infrared spectrum. 

Irradiation of Verbenone in Ethanol.—A solution of verbenone (2-5 g.) in absolute ethanol 
(200 c.c.) in a silica flask was irradiated with ultraviolet light under reflux during 4 hr. After 
evaporation, the residue, which had a broad infrared band at 1720—1740 cm.1, was dissolved 
in light petroleum (10c.c.).. Polymeric material was filtered off and the solution was chromato- 
graphed on alumina, fractions being identified by their infrared spectra. Elution with light 
petroleum gave (i) (0-11 g.) ethyl geranate, (ii) (0-68 g.) a mixture of ethyl geranate and ethyl 
3,7-dimethylocta-3,6-dienoate, (iii) (0-23 g.) a mixture of ethyl 3,7-dimethylocta-3,6-dienoate 
and chrysanthenone, and (iv) (0-26 g.) chrysanthenone. Further elution of the column with 
light petroleum—ether gave a mixture (0-84 g.) of chrysanthenone and verbenone. 

Mixed esters from a number of runs (4-6 g.) were rechromatographed on neutral alumina 
(activity 1), giving fractions (i) eluted with light petroleum-ether (9:1), 1:27 g. of ethyl 
geranate, b. p. 114—116°/10 mm., Amax 215 my (ce 9800) (Found: C, 73-6; H, 10-2. Calc. 
for C,,H,,O0,: C, 73-4; H, 10-3%), (ii) eluted with light petroleum-ether (8: 2), 0-75 g. of an 
ester mixture, and (iii) 0-16 g. of ethyl 3,7-dimethylocta-3,6-dienoate. 

Characterisation of the Ethyl Geranate.—Hydrogenation of the ester (165 mg.) over prereduced 
Adams platinum catalyst (100 mg.) in glacial acetic acid (25 c.c.) resulted in the uptake of 42 
c.c. of hydrogen (Calc.: 2H, = 42 c.c.); after filtration and evaporation the residue had an 
infrared spectrum identical with that of authentic ethyl tetrahydrogeranate. Hydrolysis with 
10% ethanolic potassium hydroxide was followed by conversion into the amide, m. p. 101— 
103-5° [from light petroleum (b. p. 60—80°)] undepressed on admixture with authentic tetra- 
hydrogeranamide (prepared in a similar way from authentic ethyl geranate ™); the infrared 
spectra of the two samples were identical. The S-benzylisothiouronium salt had m. p. 149—151° 
(from aqueous ethanol), mixed m. p. with an authentic sample (see below) 151—154°. 

Attempted Isomerisation of the Ethyl Geranate.—The ester (100 mg.) was heated under reflux 
with sodium methoxide (from sodium, 0-5 g.) in methanol (10 c.c.) during 1 hr. Water was 
added and heating continued for 30 min. The acid fraction (90 mg.) showed no selective 
absorption above 225 mu. 

S-Benzylisothiouronium Salt of Tetrahydrogeranic Acid.—Prepared in the usual way from 
tetrahydrogeranic acid the derivative had m. p. 154—155° (from aqueous ethanol) (Found: 
C, 64:1; H, 9-0. C,gH39N,0,S requires C, 63-9; H, 8-9%). 

Characterisation of the Ethyl 3,7-Dimethylocta-3,6-dienoate.—The undistilled ester (0-2 g.) was 
hydrogenated in acetic acid over Adams platinum catalyst, 1-60 mol. of hydrogen being 
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absorbed. The product was identified as ethyl tetrahydrogeranate by its infrared spectrum 
and by hydrolysis to tetrahydrogeranic acid identified as its S-benzylisothiouronium salt. 

Irradiation of Verbenone in Aqueous Ether.—Verbenone (1 g.) in ether saturated with water 
(150 c.c.) was irradiated under reflux during 3hr. The neutral fraction (0-41 g.) was a mixture 
of verbenone and chrysanthenone. Distillation of the acid fraction gave 3,7-dimethylocta-3,6- 
dienoic acid (0-27 g.), b. p. 100—102°/0-4 mm. (Found: C, 71-35; H, 9-85. C, 9H,,O, requires 
C, 71-4; H, 96%). The latter was converted, by successive treatment with oxalyl chloride 
and ammonia, into the amide (0-17 g.) [plates from light petroleum (b. p. 60—80°)], m. p. 
87—97°. The amide was unstable and is presumed to be a mixture of stereoisomers owing to 
the wide m. p. range. Hydrogenation of a portion (125 mg.) in acetic acid proceeded with the 
uptake of 2-10 mol. of hydrogen and gave tetrahydrogeranamide (123 mg.), having m. p. and 
mixed m. p. 103—105° after crystallisation from light petroleum (b. p. 60—80°). 

The 3,7-dimethylocta-3,6-dienoic acid obtained as above was esterified by dry ethanol 
(5 c.c.) containing sulphuric acid (1%). The infrared spectrum of the ester was identical with 
that of ethyl 3,7-dimethylocta-3,6-dienoate obtained by irradiation of verbenone in ethanol. 
It was unchanged after irradiation in ethanol during 4 hr. or after being adsorbed on a column 
of alumina for 16 hr. 

Irradiation of Verbenone in Ethereal Ammonia.—Verbenone (1-3 g.) in dry ether saturated 
with ammonia (150 c.c.) was irradiated at 30° during 4 hr. After evaporation the residue was 
chromatographed on alumina. Elution with light petroleum-ether (4:1) gave (0-48 g.) a 
mixture of chrysanthenone and verbenone. Further elution with ether-ethanol (1:1) gave 
3,7-dimethylocta-3,6-dienamide (0-27 g.), m. p. 100—104-5° [from light petroleum (b. p. 60—80°)] 
(Found: N, 8-25. Cj, H,,ON requires N, 8-4%). On hydrogenation in acetic acid (PtO,) 
2:10 mol. of hydrogen were. absorbed, giving tetrahydrogeranamide identified by m. p. and 
mixed m. p. 

Reactions of Chrysanthenone with Watey.—(i) Chrysanthenone (150 mg.) was irradiated in 
ether saturated with water (25 c.c.) during 2 hr. The acidic fraction of the product (15 mg.) 
had an infrared spectrum identical with that of 3,7-dimethylocta-3,6-dienoic acid obtained as 
above; the neutral fraction (114 mg.) was unchanged chrysanthenone. 

In a similar run verbenone (150 mg.) gave 3,7-dimethylocta-3,6-dienoic acid (50 mg.) and 
a neutral fraction (80 mg.; chrysanthenone and verbenone). 

A control reaction in which chrysanthenone was heated under reflux with aqueous ether 
in the dark gave no acidic material. 

(ii) Chrysanthenone (173 mg.) in dioxan (15 c.c.) and water (6 c.c.) was heated under reflux 
for 2 hr. The acidic fraction (61 mg.) was 3,7-dimethylocta-3,6-dienoic acid. 

Reactions of Chrysanthenone with Alcohols—The reaction of chrysanthenone with ethanol 
and methanol was examined, both under irradiation and in the dark, and the products were 
estimated from a qualitative examination of the infrared spectra of the crude product. 

(i) Chrysanthenone in ethanol, irradiated under reflux gave a mixture of ethyl geranate 
and ethyl 3,7-dimethylocta-3,6-dienoate. 

(ii) Chrysanthenone in ethanol, heated under reflux in the dark, gave a similar ester mixture. 

(iii) Chrysanthenone in methanol, irradiated at 30—35°, gave a similar mixture of methyl 
esters on removal of solvent at a low temperature. A control dark reaction produced a smaller 
amount of esters. 


We thank Professor M. Stacey, F.R.S., for encouragement, Drs. G. Buchanan (Glasgow) and 
H. Schmidt (Leipzig) for gifts of verbenol and verbenone, and Dr. L. F. Thomas for nuclear 
magnetic resonance data. One of us (J. J. H.) thanks the University of Birmingham for a 
research scholarship. 
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580. Studies in Nuclear Magnetic Resonance. Part I. Methyl 
Groups of Carotenoids and Related Compounds. 


By M. S. Barser, J. B. Davis, L. M. JACKMAN, and B. C. L. WEEDon. 


The methyl absorption bands in the nuclear magnetic resonance spectra 
of 64 polyenes are collated and discussed. The band positions afford a 
valuable indication of the molecular environments of the various methyl 
groups present. 


THE scarcity of many carotenoids greatly handicaps studies on their structure. Much 
valuable information concerning the chromophores can readily be obtained from light- 
absorption studies, especially in the visible and the infrared region. However, despite 
a number of micro-methods of degradation and analysis, many of them developed originally 
to deal with this class of compound,'* the nature of the end groups is often difficult to 
determine. The advent of nuclear magnetic resonance spectroscopy as a routine 
technique suggested a new approach to these problems. Tests showed that satisfactory 
spectra could be obtained on as little as 10 mg. of pigment, and that this material could 
subsequently be recovered for other investigations. To develop and evaluate the method 
we have determined the nuclear magnetic resonance spectra of 64 compounds of known 
structure. This survey provides useful information concerning both the methyl groups 
and the olefinic protons encountered in carotenoids. In this paper we confine ourselves 
to the methyl groups. In other publications we shall illustrate the use of the new method 
for structural studies on both carotenoids and the Cy compounds which are believed to be 
their precursors in Nature. 

The majority of the nuclear magnetic resonance spectra were determined at 40 Mc. 
(More recent work indicates that better separation of the bands is observed, and that less 
sample is required, at 56-4 Mc.) The positions of the methyl bands (expressed in +-values, 
as defined by Tiers *) are given in the Table. The band areas were in good agreement with 
those expected from the number of the various types of methyl known to be present. All 
compounds were examined in solution (2—5%), tetramethylsilane being used as an 
internal reference. The choice of solvent was sometimes dictated by the poor solubility 
of many carotenoids, and occasionally hot saturated solutions had to be employed. The 
z-values determined in deuterochloroform, chloroform, and carbon tetrachloride agreed 
within experimental error, but bands recorded in pyridine solution were shifted by 
ca. 0-08 p.p.m. to lower fields. Differences of this magnitude are not as a rule of much 
significance, but must be taken into account in interpreting small changes in spectra with 
such closely related compounds as are under consideration here. 

It is now well established that, at room temperature, the freedom of rotation of a 
methyl group about its three-fold symmetry axis is such as to render equivalent the environ- 
ments of the three protons. Thus, in the absence of spin-spin coupling with protons on 
neighbouring atoms, the protons on methyl groups give rise to a single sharp peak in a 
nuclear magnetic resonance spectrum. 

Methyl groups in paraffinic hydrocarbons normally have bands at 9-10—9-15, whereas 
those attached to carbon-carbon double bonds in simple olefins absorb in the range 8-30— 
8-40.5 Methyl groups in carotenoids exhibit many deviations from these positions, and 
the shifts afford a valuable indication of the molecular environments of the groups in 
question. In all natural carotenoids of established structure, methyl groups are situated 
either on oxygen atoms or on fully substituted carbon atoms; therefore no splitting of the 


' Karrer and Jucker, ‘‘ Carotinoide,’’ Birkhauser, Basle, 1948. 

* Holyer and Weedon, Chem. and Ind., 1955, 1219. 

% Entschel, Eugster, and Karrer, Helv. Chim. Acta, 1956, 39, 1263. 

* Tiers, J]. Phys. Chem., 1958, 62, 1151. 

* Jackman, “ Applications of Nuclear Magnetic Resonance Spectroscopy in Organic Chemistry,” 
Pergamon, London, 1959. 
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methyl bands due to spin-spin coupling with a C,)-proton is encountered. The bands 
appear as single peaks which are readily distinguished from absorption due to methylene 
groups, if any; the latter generally give broad bands as the result of complex spin-spin 
coupling. 

A common feature of the spectra of all carotenoids and related polyenes is a band in 
the region 7-95—8-15. From its relative intensity and its occurrence in the spectrum 
of methylbixin (12 *), which possesses no hydrocarbon end groups, this band has been 
ascribed to methyl groups attached to the non-terminal double bonds of the polyene 
chain. These “ in-chain”’ methyls (I) are the most strongly de-shielded of all C-methyl 
groups in natural carotenoids. Their absorption bands are therefore easily recognised and 
provide a convenient means of distinguishing polyenes of the polyisoprenoid type from 
those without C-methyl groups (e.g., corticrocin * and cortisalin *), or with methyl groups 
only at the end of the polyene chain (e.g., degradation products of lagosin § and filipin °). 

Only one “in-chain ’”’ methyl band is observed for 8-carotene (25) (Fig. 1), lycopene (18) 
(Fig. 2), methylbixin (12), and many other carotenoids. Moreover the mono(“ un- 
hindered ’’)-cis-polyenes (8, 12, 36, 41, 43) which have been studied have a band at almost 
the same field as that of their “ all-trans ’’-isomers (7, 11, 35, 40, 42). However, some 
gross modifications of the typical polyene chromophore cause small changes in the shield- 
ing of the “‘ in-chain’’ methyls, and hence of the corresponding band positions; both 
crocetin dimethyl ester (10) and crocetindial (5), for example, have a peak at slightly lower 
fields (7-97) than that of the corresponding methyl groups in -carotene (8-05).’ If the 
chain modification results in a difference in the shielding of the various “ in-chain ”’ 
methyls, then a broadening, or splitting, of the band is apparent. Thus the spectra of the 
acetylenes (4, 6, 27, 29, 30, 37, 39, 44, 46—49, 57, 59, 64) show that a methyl group (II) 
at a 8-position with respect to the triple bond in a conjugated system gives rise to a separate 
band at slightly lower fields (7-87—-7-95) than those of other “ in-chain ’’ methyls (Fig. 3). 
Differences in the shielding of the “ in-chain ’’ methyls are also evident in some polyenes 
with comparatively short, unsymmetrical, chromophores. The methyl esters of azafrin 
(cf. 58) and the related C,, acids (cf. 57 and 59), all have two “ in-chain ” methyl bands 
with relative intensities of 2:1, whilst apo-4-carotenal (50) has two of equal intensity. 
In vitamin A acetate (24) (Fig. 4) the methyl on the central double bond is of the “ in- 
chain ’’ type (I), whereas that on the terminal acyclic double bond resembles the methyl 
of isoprene (+ = 8-17).5 This difference leads to a broad band at 8-05—8-10 which is 
clearly resolved into two peaks at 56-4 Mc. The methyl groups on the acyclic double 
bonds of the ionylidene-ethanols (32 and 33) also resemble that of isoprene more closely 
than those of the true “ in-chain ”’ type, and therefore give bands at comparatively high 
fields. The corresponding methyl in ethyl érans-ionylideneacetate (34) has a band at 
7:71, as expected from the special steric relation of the C-methyl to the ester group.5 

Methyl groups attached to the terminal carbon atoms of polyene chains, “ end-of- 
chain ’”’ methyls (III), are less de-shielded than those which are “ in-chain,” and therefore 
give bands at higher fields. Thus the spectrum of lycopene (18) (Fig. 2) has a band at 
8-18 (of half the intensity of that at 8-03), which may be assigned to the 5- and 5’-methyl 
groups.t A similar band is observed in the spectra of the hydrocarbons (16) and (17). 


* Arabic numbers refer to compounds listed in the Table. 
+ The carbon atoms in‘carotenoid formule are numbered (cf. Karrer, Bull. Soc. Chim. biol., 1948, 
$0, 150), as illustrated below for B-carotene. 





6 Erdtman, Acta Chem. Scand., 1948, 2, 209. 

* Gripenberg, Acta Chem. Scand., 1952, 6, 580. y 

8 Dhar, Thaller, and Whiting, Proc. Chem. Soc., 1958, 148; Dhar, Thaller, Whiting, Ryhage, 
Stallberg-Stenhagen, and Stenhagen, ibid., 1959, 154. 

® Cf. Berkoz and Djerassi, Proc. Chem. Soc., 1959, 316. 
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Com- 
pound 
no.* Ref. 

l 1,23 

2 1,2 

3 3 

4 3 

5 3 

6 3 

7 1 

8 1 

9 1 
10 ‘ 
11 ‘ 
12 Nat. 
13 Com. 
14 Nat. 
15 Nat. 
16 Exp. 
17 Exp. 
18 3 
19 5 
20 6 
21 6 
22 Nat. 
23 Com. 
24 Com. 
25 Com. 
26 Nat. 
27 
28 8 
29 8 
30 8 
81 10 
32 1A 
33 1LA 
34 1LA 
85 12 
36 13 
37 12 
38 12 
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Solvent ¢ 
CCl, 
CC 


CDCl, 
CDCl, 


CCl, 

CDCl, 
CCl, 

CDCl, 
CDCl, 
CDCl, 
CDCl, 
CDCl, 
CDCl, 
CCl, 

CCl, # 


CCl, # 


CDCI, # 
CDCI, ¢ 
CDCI, ¢ 


CDCI, 
CCl, 
cc 


CDCl, } 
CHCl, 


CCl, 2 
CCl, # 
CCl, 
CHCl, 
CDCl, 
C,H,N 
CDCl, # 
C,H,N 
CDCI, # 
cc, 
cc 
CCl, 
CDCI, 
cc 
CC 
cc], 
CDCl, 
CDCl, 
CDCl, 
CDCl, 


Olefinic 
Paraffinic Me on 
Other isolated or Other 
gem- paraffinic terminal olefinic 
Me Me C=C Me* 
8-06 
8-01 
(J = ca. 1-0) 
8-00 
7-87 
8-12, 7-97 
8-10, 7-97 
8-13, 7-88 
7-98 
7-98 
7:88 (J = 0-93) 
7-99 
8-03 
8-05 
8-37 
ca. 8:3 
(complex) 
ca. 8-3 
(complex) 
8-20 8-08 
8-18 8-04 
8-38, 8-31, 8-03 
8-18 
8-89 (J = 7-0) 8-44, 8-33 8-04 
8-85 
8-88 ca. 8-93 
(doublet) 
8-83 8-02 
8-96 8-33 
8-99 8-31 8-12, 8-07 
8-98 8-31 8-05 
8-96 8-28 8-03 
8-97 8-28 8-03 
8-89 8-21 7-96 
8-92 8-26 8-05 
8-85 8-17 7-98 
8-97 8-29 8-02, 7-88 
8-81 8-21 8-04 
8-81 8-21 7-99, 7-89 
8-99, 8-81 8-31, 8-20 8-02, 7-92 
8-97 8-28 8-12(1), 8-02(4) 
9-05 8-36 8-22 
9-03 8-35 8-17 
9-00 8-33 7-71 
8-98 8-29 8-12(1), 8-04(2) 
8-95 8-27 8-08(1), 8-01(2) 
8-98 8-30 8-03, 7-98, 7-90 tf 
8-98 8-29 8-06 


Ester Me 
and some 
other bands 
0-52 (CHO) 
0-48 (CHO) 


0-39 
(J ~'8) (CHO) 
0-38 
(J = 7-2) (CHO) 
0-55 (CHO) 


6-21 
6-20 
6-26 
6-23 
6-24 
6-23 
7-93 (COMe 


7-91 (COMe) 
7-94 (COMe) 


7:70 

(J = 6-8) (CH,) 
6-78 (OMe) 
7-92 (COMe) 
8-02 (OAc) 


6-28 
6-24 
6-28 
6-28 


The “ end-of-chain ’”’ methyls at positions 9 and 9’ in aurochrome (61), and the corre- 
sponding methyl groups in mutatochrome (62) and the C,, ester (59), give a band at even 
higher fields (8-26—8-28); a possible explanation of this difference is suggested below. 

As shown by the spectra of the polyene aldehydes (1, 5, 6, 47, 49—51) and esters (7, 10, 
38, 39, 42—46), “ end-of-chain ” methyl groups on a carbon atom which is « to a carbonyl 
group, are de-shielded by the latter and give a band at 7-98—8-13. This is normally 

10 Barber, Jackman, and Weedon, Proc. Chem. Soc., 1959, 96. 

11 Braude, Jones, Koch, Richardson, Sondheimer, and Toogood, J., 1949, 1890; Oroshnik, Karmas, 


and Mebane, /. Amer. Chem. Soc., 1952, '74, 295; Braude, Bruun, Weedon, and Woods, J., 1952, 1419. 
12 Cf. Heilbron and Weedon, Bull. Soc. chim., 1958, 83. 
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Olefinic 
Paraffinic Me on 
Com- Other isolated or Other Ester Me 
pound gem- paraffinic terminal olefinic and some 
no* Ref. Solvent 4 Me Me C=C Me* other bands 
39 38 CDCl, 8-97 8-28 8-02, 7-91 6-26 
40 13 CDCl, 9-00 8-29 8-07 6-28 
4l 18 CDCl, 8-97 8-29 8-08 6-27 
42 a8 CDCl, 8-97 8-28 8-03 6-26 
43 18 CDCI, 8-98 8-28 8-03 6-26 
44 18 CDCI, 8-97 8-29 8-02(3), 7-90(2) 6-23 
45 18 CDCl,” 8-99 8-30 8-06 6-28 
46 38 CDCl, 8-98 8-29 8-01(4), 7-90(2) 6-24 
47 18 cCcl, 8-99 8-31 8-02(2), 7-87(1) 0-56 (CHO) 
48 a4 CDCl, 8-98 8-29 8-02(1) 0-41 
7-92(2) (J = 7-2) (CHO) 
49 a CCl, 8-98 8-31 8-13(1), 8-03(1), 0-60 (CHO) 
7-90(2 
50 a6 CDCl, 8-96 8-27 8-13, 8-03, 7-99 0-55 (CHO) 
51 a CDCI, # 8-96 8-24 8-10(1), 8-01(3) — 
52 a5 CDCl, 8-68 8-07, 8-03 * 
53 a6 CDCl, 8-72 8-10, 8-02, 7-96 
54 Com. CCl,? 9-14, 9-08 8-29 7-83 (COMe) 
55 Nat. CDCl, 9-15, 8-99, 8-94 8-36, 8-28 8-02 
56 7 CDCl, 9-05 8-00(2) 
8-86 8-86 7°85(1) 
57 at CDCl, 9-06 8-05(1) 6-25 
8-90 * 8-86 7-93(2) 
58 Nat. CDCl, 9-16 8-07(1) 6-25 
8-87 ¢ 8-81 8-01(2) 
59 a CDCI, 8-89 8-58 8-26 7:95 6-22, 4-86 
60 Exp. CDCI, 9-06 8-08 
8-91% 8-87! 
61 Exp. CDCl, 8-90 * 8-58 8-27 8-07 4-84) 
62 Exp. CDCl, 8-96, 8-88 8-57 *" 8-28 8-04 4-85 
63 5 C,H,N 8-84 (J = 6-5) 8-02 
64 ° CDCl, % 8-97, 8-86 8-29 8-02, 7-88 
(J = 6-8) 
t Inflexion. 
* A trans-configuration is assumed for all carbon-carbon double bonds unless marked c in the 
formula. * Reference to method of preparation; ‘‘ Com.’ signifies a sample of commercial origin, 


‘“‘ Nat.” a natural carotenoid or its derivative, ‘‘ Exp.’’ that the preparation is described in the Experi- 
mental section. * Spectra were determined at 40 Mc. unless otherwise indicated. * Where more 
than one band is quoted, and these are of unequal intensity, the relative number of methyl groups 
is given in parentheses. ‘ Band assignments are given in parentheses, except for ester-methyl 
(CO,Me). *% Spectrum determined at 56-4 Mc. * Prepared by W. Gee. ‘ One of each pair of bands 
marked ‘ must be due to a gem-methyl group; the assignment of the band at higher fields to this 
group is arbitrary. 4 Both protons attached to the heterocyclic ring(s). * For fine structure at 
56-4 Mc., see text. 

1 Mildner and Weedon, /., 1953, 3294. * Inhoffen, Isler, von der Bey, Raspé, Zeller, and Ahrens, 
Annalen, 1953, §80, 7. * Isler, Gutmann, Lindlar, Montavon, Riiegg, Ryser, and Zeller, Helv. Chim. 
Acta, 1956, 39, 463. ‘4 Isler, Gutmann, Montavon, Riiegg, Ryser, and Zeller, ibid., 1957, 40, 1242. 
5 Barber and Weedon, unpublished work. * Warren and Weedon, J., 1958, 3972. 7 Isler, Lindlar, 
Montavon, Riiegg, and Zeller, Helv. Chim. Acta, 1956, 39, 249. *® Akhtar and Weedon, /., 1959, 4058. 
® Zeller, Bader, Lindlar, Montavon, Miiller, Riiegg, Ryser, Saucy, Schaeren, Schwieter, Stricker, 
Tamm, Ziircher, and Isler, Helv. Chim. Acta, 1959, 42, 841. Isler, Lindlar, Montavon, Riiegg, and 
Zeller, ibid., 1956, 39, 274. 44 Huisman, Smit, van Leeuwen, and van Rij, Rec. Trav. chim., 1956, 
75, 977; Robeson, Cawley, Weisler, Stern, Eddinger, and Chechak, J. Amer. Chem. Soc., 1955, 77, 
4111. 1% Isler, Guex, Riiegg, Ryser, Saucy, Schwieter, Walter, and Winterstein, Helv. Chim. Acta, 
1959, 42, 864. 3 Riiegg, Lindlar, Montavon, Saucy, Schaeren, Schwieter, and Isler, ibid., p. 847. 
14 Riiegg, Montavon, Ryser, Saucy, Schwieter, and Isler, ibid., p. 854. 1° Isler, Montavon, Riiegg, 
and Zeller, ibid., 1956, 39, 259. 3* Inhoffen and Raspé, Annalen, 1955, 594, 165. 17 Akhtar and 
Weedon, unpublished results. 


13 Jackman and Lown, in the press. 
' Akhtar and Weedon, unpublished results. 
1° Nazarov, Azerbaev, and Rakcheeva, Bull. Acad. Sci. U.S.S.R., 1946, 419. 
® Bolleter, Eiter, and Schmid, Helv. Chim. Acta, 1951, 34, 186. 
17 Mildner and Weedon, J., 1953, 3294; Inhoffen, Isler, von der Bey, Raspé, Zeller, and Ahrens, 
Annalen, 1953, 580, 7. 
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resolved from the very similar “ in-chain”’ methyl band in the spectra of the polyene 
aldehydes (Fig. 3), but not (at 40 Mc.) in those of the esters. An additional shift to lower 
fields is noticed with the acetylenic C,, dial (2) and the corresponding diester (9), owing 
to the influence of the triple bond; in both compounds the C-methyl band is split into a 
doublet (J = ca. 1) by spin-spin coupling of the protons in each methyl group with a single 
olefinic proton. Splitting of this type is not normally encountered with the series of com- 
pounds under consideration, probably because coupling is seldom confined to one olefinic 
proton, and the fine structure of the methyl bands is not resolved. Moreover, the observed 
bands often represent two or more methyl groups in slightly different environments. 
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The various effects mentioned above must arise, at least in part, from long-range 
shielding associated with the diamagnetic anisotropies of ethylenic, acetylenic, and 
carbonyl bonds.5 For instance, it is evident that the methyl protons in structures of type 
(II) lie over the triple bond, and hence in that region where the induced field is para- 
magnetic.5 

We shall now consider the characteristic methyl absorptions of various end groups 
commonly encountered in carotenoids and related compounds. Lycopene (18) has bands 


Fic. 1. B-Carotene (25) in CCl, at 56-4 Mc. Fic. 2. Lycopene (18) in CDCI, at 56-4 Mc. 
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(Fig. 2) at 8-38 and 8-31 (each equal in intensity to that at 8-18) which must be attributed 
to the isopropylidene methyl groups. An explanation of the appearance of two bands is 
provided by a study of scale models. This shows that, during free rotation of the lycopene 
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end groups, one methyl of each isopropylidene group approaches the polyene chain more 
closely than the other (cf. IV). The two methyl groups therefore experience different 
average fields and, in consequence, have different absorption bands. A similar situation is 
encountered with the related diketone (19) which has isopropylidene methyl bands at 8-44 
and 8-33. Both geraniol (14) and nerol (15) have complex bands at ca. 8-3 since 
the 3-methyl group also absorbs in this region. The lower position (8-18) of the band due 
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to the corresponding 5- and 5’-methyl groups in lycopene clearly indicates the greater 
de-shielding effect of an extended polyene chain compared with that of an isolated double 
bond. 

In contrast, the terminal C-methyl groups in the end groups of spirilloxanthin (22) are 
attached to a saturated carbon atom and absorb at 8-83. This position is somewhat lower 
than that observed with normal paraffinic methyls, and is similar to that found with 
t-butyl alcohol (+ = 8-78) and the two hydroxy-ketones (20) and (21). As pointed out 
elsewhere,!® this paramagnetic shift is due to the oxygen substituent on the methyl-bearing 
carbon atom (cf. V). 

In the synthetic ketones (19), (63), and (64), the methyl groups attached to tertiary 
carbon atoms give rise to doublets in the nuclear magnetic resonance spectra due to spin-— 
spin coupling of the methyl-protons with the C,,,-proton. This is a feature which has not 
so far been encountered in the spectra of natural carotenoids. 

The Table contains numerous examples showing that the trimethylcyclohexenyl (“ 8 ’’) 
end group (VI) present in $-ionone (23), 8-carotene (25), and many related compounds 
is associated with two methyl bands which occur near 8-30 and 8-97. These bands have a 
relative intensity of 1:2. That at 8-30 is obviously due to the olefinic 5-methyl group. 
Though this group is formally of the “‘ end-of-chain ”’ type, the band occurs at somewhat 
higher fields, and thus closely resembles those of the olefinic methyl groups in simple 
ethylenes. There is ample evidence from light-absorption data that, in compounds 
with @-end groups, steric hindrance between the gem-dimethyl group and the polyene 
chain forces the latter out of the plane of the cyclic double bond." Conjugation between 
the cyclic double bond and the polyene chain is therefore restricted. Furthermore, it has 
been suggested that a carbon-carbon double bond can exert a long-range shielding effect, 
the sign and magnitude of which depend on the precise orientation of the proton 
in question with respect to the double bond.’ In particular, it appears that a proton in a 
certain region above the plane of a double bond experiences positive shielding. Models 
indicate that protons of the olefinic methyl in a @-end group are influenced in this way by 
the 7,8-double bond, thus accounting for the shift to higher fields compared with the 
“end-of-chain ”’ methyl in, for example, lycopene (18). A similar explanation, involving 
positive shielding by the 6,7-double bond, can be advanced to account for the position 
(8-26—8-28) of the “ end-of-chain ’’ methyl in the furanoid oxides (59, 61, 62) already 
mentioned. 

The second (8-97) band associated with 6-end groups must clearly represent both the 
gem-methyl groups. Evidently these groups are so orientated as to be de-shielded to a 
small degree by the neighbouring double bonds, but, because of a rapid interchange 
between two equivalent conformations of the cyclohexene ring, the two methyl groups 
experience identical environments, and hence only one band is observed. 

A number of natural carotenoids have $-end groups hydroxylated at position 3. 
Substitution of this type has a negligible effect on the positions of the methyl bands, as 
demonstrated by the close similarity in the curves of 8-carotene (25) and zeaxanthin (26). 
The hydroxy-substituent might be expected to favour a quasi-equatorial postion, thus 
avoiding a quasi-1,3-diaxial interaction with one of the gem-methyl groups. However, 
models indicate that the gem-methyl groups of the $-end group are similarly orientated 
with respect to the neighbouring double bonds in all conformations, and therefore no 
significant difference in shielding would be expected (cf. «- and epoxy-end groups below). 
Thus the observation of a single peak for the two gem-methyl groups is not unexpected. 

The spectra of canthaxanthin (28) and 15,15’-dehydrocanthaxanthin (29) show that a 
4-keto-group conjugated with the polyene chain shifts both methyl bands of the 6-end 
group to slightly lower fields. That the effect is genuine is confirmed by the spectrum of 
15,15’-dehydroechinenone (30) in which splitting of both methyl bands is clearly visible. 
The shift in the olefinic methyl band is akin to that observed with the “ end-of-chain ” 
methyl groups in the polyene aldehydes and esters mentioned above. 
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It is of interest to consider the effect of introducing a second, conjugated, double bond 
into the 6-end group, although only two compounds possessing this feature are known in 
Nature (vitamin A, and retinene, !*). The spectrum of 3,4-dehydro-$-carotene (31) differs 
from that of 6-carotene (25) in two main respects: the intensity of the 8-30 band has been 
halved, and a band has appeared at 8-12 (clearly resolved at 56-4 Mc., but forming a 
shoulder on the 8-02 band at 40 Mc.) with a quarter of the intensity of the 8-02 band. The 
drop in intensity of the 8-30 band is to be expected since the “‘ dehydro-§ ’’-end-group 
contains no “ end-of-chain ” methyl [cf. spirilloxanthin (22) !). The 5-methy] group in 
this dehydro-system must therefore be responsible for the new band at 8-12. Its difference 
from the other “ in-chain ’’ methyl groups may again be attributed to positive shielding by 
the 7,8-double bond. 

The trimethylcyclohexenylidene, or “ retro,’’ end group (VII) * also lacks an “ end-of- 
chain”’ methyl. From the two examples studied (52 and 53), it appears that the gem- 
methyl groups in retro-systems are, as expected, equivalent and absorb near 8-70, and that 
the 5-methyl group, which is intermediate in character between that of isoprene and a 
typical ‘‘in-chain’’ methyl, absorbs near 8-10. The acetylenic retro-aldehyde (53) 
exhibits three olefinic methyl bands of equal intensity. The band at 7-96 is broad, but 
unresolved, and its position indicates that it is due to the “in-chain” methyl group 
adjacent to the triple bond. The band at 8-02 is a sharp doublet similar in appearance and 
position to that observed with the C,, acetylenic dialdehyde (2) and diester (9), indicating 
that the methyl-protons are coupled with only one olefinic proton. Therefore the 8-02 
band must be associated with the methyl group on the a-carbon atom to the aldehyde 
group. The absorption at 8-10 can be ascribed to the 5-methyl of the retro-system. The 
band is broad because the methyl-protons are coupled, not only with the olefinic proton 
at Cy), but also with the 3-methylene protons (cf. ref. 13). 

Another well-known end group, which is occasionally found in natural compounds, is 
that illustrated by «-ionone (54). The latter’s spectrum shows that the “ «-end group ” 
gives rise to three methyl bands of equal intensity. One band occurs at ca. 8-30, and is 
clearly due to the olefinic methyl. The others occur at high fields, as would be expected 
for methyl groups in essentially saturated environments, and must represent the two 
gem-methyl groups which, unlike those in the 8-, dehydro-8-, and retro-end groups, are no 
longer equivalent. This result is not surprising since the end group would doubtless 
favour the conformation (VIII), in which the bulky side-chain is quasi-equatorial. Models 
reveal that, in contrast to the situation with the hydroxy-$-end groups discussed above, 
there is a marked difference in the spatial relation of the two gem-methyl groups to the 
neighbouring double bonds. In particular, one of them may be positively shielded by the 
cyclic double bond. The spectrum of lutein (55) is compatible with the presence of 
(hydroxylated) end groups of both «- and 8-type. 

End groups of two other important classes of natural carotenoid, the epoxides and 
furanoid oxides, have still to be considered. The spectrum of 8-carotene diepoxide (60), 
and that of the C,, epoxy-ester (57), show that the epoxide end group (IX) also contains 
three non-equivalent methyl groups. A band at ca. 8-86 may reasonably be assigned 
to the 5-methyl group; the de-shielding is comparable with that of the 1-methyl groups in 
spirilloxanthin, and may again be ascribed to the influence of the C,.)-oxygen substituent. 
The two gem-methyl groups are evidently influenced to different extents in the preferred 
conformation of the end group, presumably because one of them bears a cis-relation to the 
polyene chain, and hence give rise to separate bands at ca. 9-06 and 8-90. The latter 
position is very similar to that of the 5-methyl group, and it is noteworthy that the two 
bands were not resolved (at 40 Mc.) in the spectrum of the epoxy-aldehyde (56). 

Methyl azafrin (58) has a related dihydroxy-system which is believed to favour the 


* Systems of type (VII) were first designated ‘‘ retro ’’ by Oroshnik et al. (J. Amer. Chem. Soc., 1952, 
74, 295). They have since been termed “ dehydro-retro ”’ by Isler et al. (Helv. Chim. Acta, 1956, 39, 


259). 
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conformation (X).!4 Its spectrum also shows three bands attributable to the end-group 
methyls. One of these may be positively shielded by the polyene chain since it has a band 
as high as 9-16. 

Three furanoid oxides have been examined. At 56-4 Mc. the spectrum of aurochrome 
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(61) showed bands at 8-89, 8-84, and 8-74 with relative intensities of ca.6:5:1. Since 
absorption at 8-74 with carotenoids must be due to methyl groups, the relative intensity 
of this band leads us to the conclusion that our synthetic specimen of aurochrome is a 
mixture of epimers (this is not unexpected from the mode of preparation), and that the 
three bands mentioned above all arise from the gem-methyl groups. The 5- and the 
5’-methyl group are strongly influenced by both the oxygen atom [cf. 1-methyl group in 
spirilloxanthin (22)] and the double bond of the furanoid ring, and give a peak at 8-56 
which shows some evidence of multiplicity. This may again indicate that the specimen is 
a mixture of epimers, but may also be due to the fact that the absorption overlaps that of 
methylene-protons. In the carotenoid field, methyl absorptions are rare in the 8-56 region, 
though one or more broad bands due to methylene groups are frequently observed. 

A striking feature of the aurochrome spectrum is a band at 4-84 with an intensity 
equivalent to four protons. This is assigned to the protons attached to the two hetero- 
cyclic rings. The resonances of the two types of proton are accidentally degenerate, and 
therefore no spin-spin coupling is observed. 

At 56-4 Mc. the spectrum of mutatochrome (62) shows the characteristic absorp- 
tion of both the aurochrome and §-carotene end groups, as expected. At 40 Mc. the 
spectra of aurochrome, mutatochrome, and the C,, ester (59) are clearly recognisable as 
those of furanoid oxides, though the complexity of the bands due to the end-group methyls 
is not resolved. 

We have sought to demonstrate that nuclear magnetic resonance spectra can aid 
greatly in the recognition of end groups, and other structural features, in carotenoids and 
related polyenes. It must, however, be emphasised that some of the very small changes 
in band positions to which we have drawn attention in this survey of known compounds, 
would be difficult to recognise with certainty in the spectrum of an unknown compound. 
Fine differences in band positions must therefore be interpreted with caution, and only in 
conjunction with other physical and chemical evidence. 


EXPERIMENTAL 

Visible-light absorption data for pure compounds were determined in benzene. 

M. p.s determined on a Kofler block are corrected. 

The nuclear magnetic resonance spectra were determined with a Varian 4300 spectrometer 
with a 40 or 56-4 Mc. oscillator. The measurements were made in dilute solutions (2—5% 
and tetramethylsilane was used as an internal reference. The spectra were calibrated by the 
usual side-band technique and the results given in the Table are the averages of at least three 
separate determinations. A careful study of the reproducibility of line position was made 
for 8-carotene in deuterochloroform, carbon tetrachloride, and pyridine; the standard 
deviations of the mean were respectively 0-005, 0-006, and 0-005 p.p.m. 

2,2-Dimethylallyltriphenylphosphonium Bromide.—Reduction of methyl senecioate (22-8 g.) 
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with lithium aluminium hydride (5 g.) in ether (230 c.c.) at 20° led to 2,2-dimethylallyl alcohol 
(12 g., 70%), b. p. 70°/40 mm., 140°/756 mm., »,,** 1-4410 (Nazarov ef al.® give b. p. 140—142°, 
n,,* 1-4410). 

The alcohol (11 g.) in light petroleum (b. p. 40—60°) (25 c.c.) was added during 30 min. toa 
cooled (— 25° to —30°) solution of phosphorus tribromide (12-5 g.) and pyridine (1-9 g.) in the 
same solvent (30 c.c.).48 The mixture was stirred for 18 hr. and the temperature allowed to 
rise gradually to 20°. Distillation gave 2,2-dimethylallyl bromide (12-5 g., 66%), b. p. 
70°/90 mm., 7,,”° 1-4865 (lit.,4° b. p. 77—78-5°/135 mm.). 

The bromide (12-5 g.) was added to a solution of triphenylphosphine (25 g.) in benzene 
(25 c.c.). After 20 hr. the solid (31-5 g., 90%), m. p. 228—231°, which had separated was 
collected, washed with benzene and light petroleum (b. p. 40—60°), and dried im vacuo, 
Recrystallisation of a specimen from water gave the phosphonium bromide as cubes, m. p. 237— 
238° (Kofler block) (Found: Br, 19-3. C,,H,,PBr requires Br, 19-4%). 

2,6,11,15-Tetramethylhexadeca-2,4,6,8,10,12,14-heptaene.—0-6N-Ethereal phenyl-lithium (35 
c.c.) was added rapidly to a stirred suspension of the above phosphonium salt (10-3 g.) in ether 
(100 c.c.). After 30 min., a solution of 2,7-dimethylocta-2,4,6-triene-1,8-dial '? (656 mg.) in 
methylene chloride (30 c.c.) was added during 5 min. The mixture was refluxed for 5 hr., 
diluted with methanol (100 c.c.), and then kept at 0° overnight. The crystals (476 mg.), m. p. 
158—161°, were collected. Recrystallisation from chloroform—methanol gave the hydrocarbon 
as yellow needles, m. p. 166° (Kofler block) (Found: C, 89-2; H, 10-6. C,)H,, requires C, 
89-5; H, 105%), Amax, 432, 407, and 385 my (10™c 135, 132, and 77 respectively). The infra- 
red light absorption spectrum showed no bands attributable to oxygen functions. 

2,6,10,15,19,23 - Hexamethyltetracosa - 2,4,6,8,10,12,14,16,18,20,22-undecaene.—Conversion of 
the above phosphonium bromide (5-2 g.) into the phosphorane, and reaction with crocetindial '* 
(592 mg.) in methylene chloride (40 c.c.), in the manner described in the preceding experiment, 
gave a brown solid. Crystallisation from chloroform—methanol, or from a large volume of 
benzene, gave the hydrocarbon (400 mg.) as red needles, m. p. 210—212° (decomp.) (Kofler 
block) (Found: C, 89-65; H, 10-4. C3 9H 49 requires C, 89-95; H, 10-05%), Amax. 518, 483, and 
452 my (10%c 124, 146, and 102 respectively). The infrared light absorption spectrum showed 
no bands attributable to oxygen functions. 

8-Carotene Diepoxide.—The method of Karrer and Jucker !® was modified in the following 
way. Ethereal monoperphthalic acid (ca. 0-5N; 2-equiv., 4 atom-equiv. of oxygen) was added 
to a solution of 8-carotene (187 mg.) in ether (400 c.c.) (Amax, 479 and 451 my), and the mixture 
was kept at 20° until there was no further shift in the wavelength of maximal absorption (24 hr.). 
The solution (Amax. 468 and 439 mu) was washed thoroughly with saturated sodium hydrogen 
carbonate, dried (Na,SO,), and evaporated under reduced pressure. Crystallisation from 
benzene—methanol gave the diepoxide (89 mg.), m. p. 184—185° (Kofler block), 188—189° 
(evacuated capillary; uncorr.), Amax, 481, 451, and 426 my (10%< 127, 136, and 90 respectively) 
{Karrer and Jucker '® give m. p. 184° (evacuated capillary, uncorr.), Amax, 485 and 456 my]. 
The specimen used to determine the nuclear magnetic resonance spectrum was recovered; its 
visible-light absorption properties were unchanged. 

When a greater excess of per-acid was used, the epoxide was partly rearranged into the 
furanoid oxide. 

Mutatochrome and Aurochrome.“—Two drops of chloroform saturated with hydrogen 
chloride were added to a solution of crude 8-carotene diepoxide (173 mg.) in chloroform (150 c.c.). 
After 4 min., the solution was washed with saturated sodium hydrogen carbonate, dried 
(Na,SO,), and evaporated. Chromatography on alumina (Grade III—IV ”°) from 3 : 7 benzene- 
light petroleum (b. p. 60—80°) gave 3 main bands. In order of elution these gave: 
(i) B-Carotene (ca. 5 mg.); (ii) mutatochrome (45 mg.) which crystallised from benzene—methanol 
in orange leaflets, m. p. 159—160° (Kofler block), 161—162° (evacuated capillary; uncorr.), 
Amax, 463, 437, and 416 (inflexion) my (10™« 101, 113, and 77 respectively) [Karrer and Jucker 
give m. p. 163—164° (evacuated capillary, uncorr.), Amax, 470 and 440 my]; (iii) aurochrome 
(45 mg.) which crystallised from benzene—methanol in golden leaflets, m. p. 187—189° (Kofler), 
195—197° (evacuated capillary, uncorr.), Amax, 434, 409, and 387 my (10%. 115, 116, and 73-5 
respectively) [Karrer and Jucker ¥ give m. p. 185° (evacuated capillary, uncorr.), Amax, 440 my]. 

18 Isler, Gutmann, Lindlar, Montavon, Riiegg, Ryser, and Zeller, Helv. Chim. Acta, 1956, 39, 463. 


1 Karrer and Jucker, Helv. Chim. Acta, 1945, 28, 427. 
20 Brockmann and Schodder, Ber., 1941, 74, 73. 
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The specimens of mutatochrome and aurochrome were recovered after the determination of 


their nuclear magnetic resonance spectra; their visible-light absorption properti¢s were un- 
changed. 


The authors are greatly indebted to Hoffmann-La Roche Ltd. (Basle) and Roche 
Products Ltd. (Welwyn Garden City) for generous gifts of many chemicals and for financial 
support (to J. B. D.). One of them (M. S. B.) thanks the Department of Scientific and 
Industrial Research for a research studentship. They also thank Professor R. Kuhn for the 


specimen of methyl azafrin. Analyses were carried out in the microanalytical laboratory 
(Miss J. Cuckney) of this Department. 


DEPARTMENT OF CHEMISTRY, IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON, LONDON, S.W.7. [Received, December 8th, 1959.] 





581. Studies in Nuclear Magnetic Resonance. Part II.* Application 
to Geometric Isomerism about the Ethylenic Double Bond. 


By L. M. JAcKMAN and R. H. WILEy. 


A theory, based on long-range shielding effects, is developed to interpret 
the chemical shifts of olefinic and allylic protons in geometrically isomeric 
olefins. The scope of the theory is investigated by examining the specific © 
shielding of the olefinic protons in 2-substituted propenes and the allylic 
protons in l-substituted 2-methylpropenes. The results obtained indicate 
the types of substituent which an olefin must posses if nuclear magnetic 


resonance spectroscopy is to be used for the assignment of configuration to 
cis- and trans-isomers. 


Coupling constants in 2-substituted propenes and 1-substituted 2-methy]l- 
propenes are reported. 


Tue theories of long-range magnetic shielding developed by Pople! and McConnell 2 
suggest that the chemical shift of a proton in a molecule will depend significantly on the 
precise spatial relation between the proton and various groups of electrons in its vicinity. 
For this reason we may expect that nuclear magnetic resonance spectroscopy will prove of 
value in assigning the relative configurations of geometrical isomers. We now report 
chemical shifts for a number of simple olefinic compounds which establish the utility of 
nuclear magnetic resonance spectroscopy in the study of geometrical isomerism about 
carbon-carbon double bonds. 

Theories of magnetic shielding are sufficiently developed to permit a qualitative under- 
standing of proton chemical shifts. The induced magnetic fields which constitute the 
shielding arise from the Larmor precession of extranuclear electrons. These electron 
circulations or currents, as they are sometimes called, may be arbitrarily separated into 
three types:} (i) local diamagnetic circulations, (ii) paramagnetic circulations, (iii) inter- 
atomic diamagnetic circulations. 

The first of these involves the circulation of the electrons surrounding the proton under 
investigation. This is approximately isotropic and the associated induced magnetic field 
is determined solely by electron density at the proton. Thus, apart from the consider- 
ation of effects such as direct electrostatic interaction and steric inhibition of mesomerism 
which may conceivably alter electron density, local diamagnetic circulations will not 
usually enter into discussions of differential shielding in stereoisomers. 

Circulations of electrons about other nuclei (e.g., carbon, oxygen, nitrogen, etc.) in a 
molecule may be restricted for certain orientations of the molecule in the applied magnetic 


* Part I, preceding paper. 
1 Pople, Proc. Roy. Soc., 1957, A, 239, 541, 550. 
2 McConnell, J. Chem. Phys., 1957, 27, 226. 
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field. The induced fields associated with these paramagnetic circulations are therefore 
anisotropic and may have non-zero average components at neighbouring nuclei. For 
example, the protons of acetylene are shielded by virtue of the anisotropic polarisability 
of the z-electron system of the triple bonds. In certain molecules the induced circulation 
of electrons may, however, be facilitated by the existence of favourable paths whereby 
such circulations can extend over two or more atomic centres. Such induced electronic 
motions are referred to as interatomic diamagnetic circulations. An excellent example 
of this effect is provided by the benzene molecule in which the circulation occurs within the 
closed loop of the x-electron system, thus endowing the molecule with a large diamagnetic 
anisotropy which accounts for the deshielded character of aromatic protons. Less 
obvious, but none the less important, are the interatomic diamagnetic circulations in 
single bonds such as the carbon-carbon single bond. Bothner-By and Naar-Colin * have 
advanced evidence which indicates that the magnetic polarisabilities of some single bonds 
are appreciable and arise from interatomic circulations. 

Magnetic shielding which arises from the anisotropic diamagnetic polarisability of 
axially symmetric groups of electrons, such as constitute single and triple bonds, has 
been considered by McConnell.2, He has shown that the contribution o,,, to the shielding 
of a neighbouring nucleus is given approximately by equation (1): 


Say, = (3 cos? 6 — I\(yp—yr)/877 2. «wee. CY 


where 7 is the distance between the nucleus and the electrical centre of gravity of the 
group of electrons, @ is the acute angle which r makes with the symmetry axis of the group, 
and y;, and yy are respectively the longitudinal and the transverse magnetic susceptibility 
which express the diamagnetic anisotropy of the group of electrons. This model involves 
the assumption that the induced field (averaged over all orientations) of the group of 
electrons can be simulated by a point dipole at the electrical centre of gravity of the group 
of electrons. The model is obviously unsatisfactory for molecules such as benzene, for 
which, however, more refined treatments are available‘? A double bond in principle 
requires three susceptibilities to define its anisotropy® but, provided one of these is 
substantially greater than the other two, equation (1) is satisfactory for qualitative 
discussion. It is to be noted that, as r enters into equation (1) as the reciprocal of its 
cube, the magnitude of the shielding effect falls off rapidly with distance, and in fact 
significant long-range shielding is probably confined to distances less than 3-0 A (except 
perhaps for shielding arising from aromatic rings). In this and some subsequent papers 
in this series which deal specifically with stereochemical problems we shall use the above 
ideas as a guide to the understanding of experimental results. 


TABLE 1. Differences in the chemical shifts of cis- and trans-olefinic protons in 
geometric isomers of the type CHX°CHX. 
_ ROE ONE AE OMe Lebar CH,? Cl Br¢ CO,Me 
di Genk CAMBS © | dccscvarieie —0-03 —0-08  —038  +0-525 


* For the definition of + see p. 2885. ° Bothner-By and Naar-Colin, personal communication. 
¢ Tiers, personal communication. 


We turn now to a consideration of the differential shielding of cis- and trans-olefinic 
protons by a §&-substituent. Data for four stereoisomeric pairs of symmetrically 
substituted olefins are given in Table 1. A §-methyl group evidently produces no 
significant differential shielding of an olefinic proton. Bothner-By and Naar-Colin ® have 


* Bothner-By and Naar-Colin, J. Amer. Chem. Soc., 1958, 80, 1728. 

* Waugh and Fessenden, J. Amer. Chem. Soc., 1957, 79, 846. 

5 Pople, Mol. Phys., 1958, 1, 175. 

® McWeeny, Mol. Phys., 1958, 1, 311. 

7 Johnson and Bovey, /. Chem. Phys., in the press. 

§ Narasimhan and Rogers, J]. Phys. Chem., 1959, 68, 1388. 

® Bothner-By and Naar-Colin, Ann. New York Acad. Sci., 1958, 70, 833. 
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established that a carbon-carbon single bond has an appreciable diamagnetic anisotropy, 
being less readily polarised in the longitudinal than in the transverse direction. The 
failure of the C-CH, bond to produce a significant differential shielding in the but-2-enes 
results from the particular geometry of these systems. Thus in cis-but-2-ene the centre 
of the C-C bond is nearly 3-0 A from the olefinic proton, which is too far for long-range 
shielding, and this is of course true for all other 8-substituents. In the évans-isomer r is 
much shorter (2-4 A) but the angle @ is such that the first term in equation (1) is almost 
zero and hence the shielding effect is very small. Bothner-By and Naar-Colin * have also 
discussed the anisotropy of carbon—halogen bonds and have concluded that the anisotropy 
of such bonds is determined by an interplay of electron circulations of types (ii) and (iii). 
Because carbon-halogen bonds are electrically dipolar, it is necessary to take r at the 
halogen nucleus rather than at the mid-point of the bond. This makes the term 
(3 cos? 6 — 1) small and negative. When the halogen is chlorine the paramagnetic term is 
probably dominant, and a small positive shielding of olefinic protons of trans-dichloro- 
ethylene results. With the more highly polarisable bromine atom the paramagnetic term 
(ii) is much larger and an even greater positive shielding of the olefinic proton in the 
trans-isomer is observed. 

The appreciable deshielding of the olefinic protons in dimethyl fumarate relative to 
those in dimethyl maleate could be due to several causes. First, we may postulate that 
steric inhibition of mesomerism in the maleic ester could reduce the electron-withdrawal 
from the ethylenic bond which in turn could increase the electron-density and herice the 
local diamagnetic shielding at the olefinic protons. That this is not the sole explanation 


TABLE 2. Chemical shifts * in 2-substituted propenes (1). 


7 (olefinic H) tr (olefinic H) 

R 7(Me) cis® trans® eis — Trans R 7(Me) cis® trans® teis — Twans 
CH,°C(CH;), 8:22 537° 5-20¢ 0-17 COG iis oddes 797 3-52 3-98 — 0-46 
Tl essecntiinnnas 7-85 4-92 4-92 0-00 SS 8-20 3-96 4-16 — 0-20 
ee 7-70 467 4-47 0-20 REE xcuteonss 790 3-62 3-92 —0-30 
ae 797 4:28¢ 4-24¢ 0-04 ren 7:86 4-72 4-98 —0-20 
GOMe ...... 810 396 4-51 —0-55 OIG | crciaraee 8-09 5-38 5-38 0-00 
CO-NH, ... 806 424 4-63 —0-39- 


* The shifts are expressed as r-values (see experimental). * cis and trans refer to the relation of 
R to the olefinic protons. ¢ The assignment to cis and trans is uncertain. 


follows from the observation (Table 2) that the two olefinic protons in methyl methacrylate 
are unequally shielded. The most reasonable explanation is that the olefinic protons in 
methyl fumarate are deshielded by a long-range shielding effect of the carboxylate group. 
Pople ' has pointed out that the carbonyl group is expected to have a large diamagnetic 
anisotropy arising from paramagnetic circulations (ii), which occur when the direction of 
the field is normal to the plane of the trigonal carbon atom. This anisotropy could be 
treated very approximately by equation (1) by assuming that the carbonyl group behaves 
as an axially symmetric group of electrons, the axis being some line normal to the plane of 
the trigonal carbon atom, and that the magnetic polarisability of this group is greatest 
along the axis. Equation (1) then permits the prediction that protons in the plane of the 
trigonal carbon atom will be deshielded.* This effect must, in part, be responsible for the 
deshielded character of aldehydic protons,’ and similarly explains the deshielding of a 
cis-8-olefinic proton by a carboxyl group which will heavily populate coplanar conform- 
ations. It has been suggested ! that weak hydrogen bonding between the carbonyl group 
and the $-olefinic proton might produce the observed shifts. However, it seems probable 

* Narasimhan and Rogers ® have derived values for the three principle magnetic susceptibilities of 
the carbonyl bond from chemical-shift data in amides. Their treatment of the general problem of long- 
range shielding by the carbonyl group is correspondingly more refined than that given here, but the 


simple model based on equation (1) is quite satisfactory for the qualitative concepts which we wish to 
develop. 


10 Morris, Vernon, and White, Proc. Chem. Soc., 1958, 303. 
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that long-range shielding accounts adequately for the effect without our needing to invoke 
a type of hydrogen bonding for which there is no other evidence. 

As an alternative method of evaluating the shielding of an olefinic proton by a cis-8- 
substituent, we have determined the chemical shifts of both olefinic protons in a series of 
2-substituted propenes (I). The relevant data may be found in Table 2. The observed 
difference between the chemical shifts of the two olefinic protons provides an indication 
of potential usefulness of nuclear magnetic resonance for differentiating between geometric 
isomers of the type (II). This is shown by a comparison of the data for compounds 
with R = Cl, Br, and CO,Me in Table 2 with the data for the corresponding 1,2-di- 
substituted ethylenes in Table 1. Derivatives of methacrylic acid, e.g., the amide and 
acid chloride, exhibit differential shifts similar to that observed in the methyl ester. 
Significant differences are also observed with the aldehyde and methyl ketone, and we 
presume that, as in the acid derivatives, it is the protons cis to the carbonyl group which 
are deshielded although the magnitude of the effect is somewhat less than in the acid 
derivatives. 

HsC\ JH , RY a JHs 
R/~ \u pe te uv \CHs 
(I) (II) (III) 


Two additional groups, R, produce differential shifts. These are the neopentyl and 
the phenyl group. It is interesting that the differential shift produced by the neopentyl 
group is quite large, since it confirms that carbon-carbon single bonds are magnetically 
anisotropic. Presumably this group spends an appreciable time in conformations in 
which certain of its C-C bonds are effectively oriented with respect to the cts-olefinic 
proton. The observation of differential shielding in «-methylstyrene is expected since it 
has been shown that the olefinic protons in ¢rans-stilbene absorb at a field 0-50 p.p.m. 
lower than those of the cis-isomer," and these effects are obviously associated with the 
interatomic diamagnetic circulations of the x-electrons of the aromatic ring. 

The two remaining substituents in Table 2 which do not cause a differential shift 
require comment. The nitrile group, like acetylene, should give rise to paramagnetic 
circulations and be diamagnetically anisotropic (xy; > yr). However, the electrical 
centre of gravity of the bond must lie close to the nitrogen nucleus and too far from either 
olefinic proton to make a significant shielding contribution. The failure of the acetoxy- 
group to effect differential shielding suggests that this substituent prefers those conform- 
ations in which the carbonyl group is well removed from cis-f-olefinic proton. 

The conclusions drawn from the data in Table 2 have an important bearing on the 
theory of the shielding of ortho-hydrogen atoms in monosubstituted benzenes. Corio 


TABLE 3. Chemical shifts * in 1-substituted isobutenes (III). 


7 (B-Me) 7 (B-Me) 

R (olefinic H) cis® tvans® eis — Trans R (olefinic H) cis® tvans® eis — Tans 
C(CHs)s .-.- 4-87 8-38° 832° 0-06 COMe ... 4-03 7-94 8-14 —0-20 
BEE, stiwwecce 4-22 8-25 8-25 0-00 - oe 4:37 7-89 8-09 —0-20 
CO Me ... 4-38 7-88 8-16 —0-28 CRAB wsssce 3-21 8-35 8-35 0-00 
SAFE ncéccn 3:99 7-88 8-03 —0-15 CCH SC... 4-83 8-12¢ 8-20¢ — 0-08 


* and ¢ See corresponding footnotes to Table 2. * The isobutenes do not, of course, exist in 
separate cis- and trans-forms, but the methyl groups of Me,C=CHR give rise to two distinct shifts; 
these are labelled cis or trans according to whether they are ascribed to the methyl group cis or trans 
to the group R. 


and Dailey !* have observed that groups such as CO,R, CHO, CO-CH,, and NO, specifically 
deshield the ortho-protons and they have attributed this effect to an inductive (electro- 
static) withdrawal of electrons by the substituent, which operates most strongly at the 


11 Curtin, Gruen, and Shoulders, Chem. and Ind., 1958, 1205. 
12 Corio and Dailey, J. Amer. Chem., 1956, 78, 3043. 
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ortho-positions. In view of the above discussion, we believe that long-range shielding 
makes an important contribution to these paramagnetic shifts in the frequencies of ortho- 
protons. This conclusion is supported by the fact that the ortho-protons of benzonitrile 
are not anomalously deshielded in spite of the large —IJ effect of the cyano-substituent. 
As previously noted, the nitrile group in acrylonitrile, and hence in benzonitrile, is not 
suitably orientated to exert a long-range shielding effect. 

We have also examined the spectra of a series of compounds of the type (III), in order 
to evaluate the potentiality of using the chemical shifts of allylic protons to make assign- 
ments of configuration to geometric isomers. The results are given in Table 3. Because 
the methyl groups are freely rotating, large differential shielding effects are not expected 
and indeed only the highly anisotropic groups produce significant shifts. It is obvious 
that the presence of carbonyl substituents, R, such as CO,Me, CO-CH;, and CHO in 
systems —CMe:CR- will permit the use of nuclear magnetic resonance for configuration 
assignment (see Part III and ref. 10). 

During this work we evaluated a number of coupling constants which are of interest. 
The 2-substituted propenes constitute ABX, spin systems. In examples in which 8,, is 
approximately equal to the coupling constant J,p, detailed analysis of the spectra is in 
general not feasible, for the three coupling constants Jan, Jax, and Jpx are all of the order 
of 1—2 c./sec. and the various lines in the spectra are difficult to resolve. In a number of 
examples 84» is of the order of 8—20 c./sec. and in these cases the spectra may be analysed 
fairly accurately as AY X, spin systems. The results are shown in Table 4 together with 
some examples of the 1-substituted isobutenes. In the 2-substituted propenes the coup- 
ling constants J,» fall within the range quoted by Banwell, Cohen, Sheppard, and Turner," 
although our analysis does not permit the evaulation of the sign relative to the other 
constants. In general, the values of the coupling constants J,x and Jpx are such as to 
indicate that a cis-relation between the methyl group and the @-olefinic proton results in a 


TABLE 4. Coupling constants (c./sec.) in substituted propene and isobutenes. 
R-C(CH,):CH, Jucn, (trans) Jun, (cis) Ju. R-C(CH;):CH, Jun, (trans) Juca; (cis) 


= 


SS ee 0-8 1-4 14  R=C(CH,)... 1-4 4 
CO,Me 0-9 1-45 1-8 | pene 1-5 1-5 
CO-NH, 0-95 1-5 1-8 CO,Me 1-3 1-3 
SE, cones 0-90 1-5 0-0 SE sions 1-4 1-2 
COMe...... 0-7 1-3 0-7 OAc ...... 1-55 1-55 
CHO ...... 1-5 1-0 1-0 


coupling which is larger than for the ¢rans-relation. A notable exception is provided by 
methacraldehyde (I; R= CHO). In contrast, the coupling constants in the isobutene 
series (III) show little, if any, dependence on stereochemistry, both J,4x and Jyx having 
values of the same order as the analogous ¢rans-coupling constant in the 2-substituted 
propenes. 

EXPERIMENTAL 


Spectroscopy.—The nuclear magnetic resonance spectra were obtained with a Varian 4300 
spectrometer and a 40 Mc. oscillator. The spectra were calibrated by side-band technique, a 
Muirhead—Wigan D-695-A audiofrequency oscillator being used. Data recorded above are the 
average of at least three separate determinations. 

Measurements were made on ca. 5% solutions in carbon tetrachloride with the exception of 
acrylamide, which was examined in chloroform. Tetramethylsilane (1%) was used as an 
internal standard, and the shielding values in the Tables are expressed as + as defined by Tiers. * 
The exact equivalence of this method of standardisation with that employing an external 
reference and extrapolation to infinite dilution in carbon tetrachloride was established for three 
of the compounds, viz., «-methylstyrene, acrylonitrile, and methyl senecioate. 

Materials ——The authors thank the following colleagues who supplied pure samples; 


13 Banwell, Cohen, Sheppard, and Turner, Proc. Chem. Soc., 1959, 266. 
™ Tiers, J]. Phys. Chem., 1958, 62, 1151. 
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Dr. J. A. Elvidge (2,4,4-trimethylpent-l-ene, 2,4,4-trimethylpent-2-ene), Dr. W. Miller (cis- and 
trans-dichloroethylene), Dr. P. Schwed (2-methylpent-2-en-4-yne). 

Methyl senecioate, ,,*! 1-4388, was prepared by esterifying the acid with diazomethane and 
fractionating the product. Senecioyl chloride, »,** 1-4821, was prepared by the action of 
thionyl chloride on the acid; the crude acid chloride was fractionated. 

68-Dimethylacraldehyde, ,* 1-4615, was prepared by the method of Young and Linder.% 

2-Chloropropene was prepared by the action of phosphorus pentachloride on acetone.!* 
The resulting mixture of the olefin, 2,2-dichloropropane, and acetone was separated by fraction- 
ation. The olefin was shown to be pure by gas-liquid chromatography. 

The remaining materials were commercial samples which were purified and had the follow- 
ing physical constants. Dimethyl maleate (B.D.H.), m. p. 101—103°; dimethyl fumarate 
(B.D.H.), ,** 1-4420; methacrylonitrile, n,** 14011; methyl methacrylate, m,** 1-4155; 
methacrylamide (Lights), m. p. 105—107°; methacraldehyde (Lights), ,,?* 1-4215. 

DEPARTMENT OF CHEMISTRY, 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON, LonDon, S.W.7. [Received, December 11th, 1959.) 


15 Young and Linder, J]. Amer. Chem. Soc., 1947, 69, 2912. 
16 Henne and Renoll, J. Amer. Chem. Soc., 1937, 59, 2434. 


582. Studies in Nuclear Magnetic Resonance. Part III.* Assign- 
ment of Configurations of «8-Unsaturated Esters and the Isolation of 
Pure trans-$-Methylglutaconic Acid.t 


By L. M. JAckmaN and R. H. WILEy. 


Chemical-shift data for a number of cis-trans-pairs of «$-unsaturated 
esters show that §-olefinic protons are specifically deshielded by 0-5—0-9 
p.p.m. by a cis-alkoxycarbonyl group. Similarly, the protons of a 8-methyl 
group are deshielded by 0-25 p.p.m. Pure trans-§-methylglutaconic acid is 
described for the first time, and its configuration established by nuclear 
magnetic resonance spectroscopy. 


In the preceding paper we showed that, in substituted ethylenes, certain substituents can 
so shield a cis-8-proton or the protons of a cis-8-methyl group that significant differences 
in the chemical shifts of these protons in cis- and trans-isomers are to be expected. The 
most effective substituents in this respect are those containing the carbonyl function 
(e.g., -COR). To confirm this we have examined a number of geometrically isomeric 
pairs of «8-unsaturated esters, and the results clearly show how nuclear magnetic resonance 
spectroscopy can be used to establish the relative configurations of such isomers, irre- 
spective of the degree of substitution of the double bond. 

The chemical shifts for a number of «$-unsaturated esters are assembled in the Table. 
The spectra of some of these compounds require comment. The olefinic region of the 
spectrum of methyl ¢vans-crotonate is typical of the AB region of an ABX, spin system. 
However, the chemical shift, Avan (46-0 c./sec.), between the two olefinic protons is 
sufficiently larger than the coupling constant J,, (15—16 c./sec.) to permit the spectrum 
to be analysed approximately by a first-order treatment. The spectrum of methyl cis- 
crotonate was obtained with a sample containing 7-5% of the trvans-isomer. The cis-ester 
also gives rise to an ABX, spectrum, but in this case the chemical shift is much closer to 
the value of the coupling constant Jan (Av/J,4n ~1-9). The presence of the ¢rans-isomer 
complicated the spectrum and discouraged us from attempting an accurate analysis by 
the procedure outlined by Fessenden and Waugh.' An approximate correction was 

* Part II, preceding paper. 

+ For a preliminary communication see Proc. Chem. Soc., 1958, 196. 

1 Fessenden and Waugh, J. Chem. Phys., 1959, 30, 944. 
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Chemical-shift data (t-values) for «8-unsaturated esters. ; 
Ester B-H A* £§-CH, A* Ester B-CH, A* 
Me methacrylate ......... 4-51 } 0-55 Me, cis-B-methylglutaconate ...... 8-04 } 0-24* 
3-96 . Me, trans-8-methylglutaconate... 7-80 
Me ff-dimethylacrylate 8-16 } 0-28 Et cis-B-ionylideneacetate ......... 7-98 } 0-27 
7-88 Et trans-B-ionylideneacetate ...... 7-71 
Me, maleate ............... 3-86 } 0-53 Me cis-geranate ® ..............0ss000 8-27 } 0-25 
Me, fumarate ............ 3-33 Me trans-geranate © .............0000 8-02 
Me, citraconate ......... 4:25... 7:96 . Me cis-phytenoate ? 8-14 ‘ 
Me, mesaconate ......... 3-31 } os 7-72 } O36 Me trans-phytenoate® ............ 7-89 } 0-35 
Me, dimethylmaleate ... 8-11 } 0-190 Me cis-aB-dimethylcinnamate*... 8-05 } 0-30 
Me, dimethylfumarate 8-01 Me trans-aB-dimethylcinnamate* 7-75 
Me cis-crotonate ......... 3-57 } 0-62 7°86 } 0-25 Me, cis(«B)-trans(yd)-B-methyl- 
Me trans-crotonate ...... 2-95 8-11 GUMIPUNI scasesascievertecceersce 8-00 } 
Me angelate ............... 4-02 } 0-85 8-03 } 0-25 Me, trans(«B)-trans(yd)-B-methyl- 0-25 
BE SIO cnccakdivsecacons 3-27 8-27 SIRT, . ccodnsxigereaeyomagees 7-75 


* Ttrans — Tcis = A, where cis and trans refer to the relation of the proton(s) to the carboxylate 
group and not necessarily to the configuration of the ester. ° Ref. 4. ° Ref. L. M. Jackman and 
J. W. Lown, unpublished work. ¢ Ref. 3. 

* B-CH,°CO,Me = 6-28 and 6-935, respectively; A = 0-655. 


therefore made by taking the centres of gravity of the A and the B submultiplets and 
treating the problem as a simple AB system. It is unlikely that the errors in the t-values 
thus calculated can exceed 0-05 p.p.m. Some difficulty was encountered in determining 
the t-values of the $-methyl protons in methyl angelate and tiglate. In both isomers 
the appropriate absorption line is split as a doublet by the adjacent olefinic proton, and 
each component of the doublet is further split as a quarter (J ~1-0 c./sec.) by long-range 
coupling between the «- and the $-methyl protons. The high-frequency quartet in the 
case of methyl angelate and the low-frequency quartet in the case of methyl tiglate overlap 
the absorption due to the «-methyl group. For this reason it is difficult to locate the true 
centres of gravity of the 6-methyl groups, and the +t-values in the table are subject to an 
error of 0-06 p.p.m. 

It is noteworthy that the coupling constant between the C-methyl and the olefinic 
protons has the same value (1-60 +. 0-07) in methyl citraconate as in methyl mesaconate. 
This equality in the coupling constants between methyl protons and a @-olefinic proton in 
cis- and trans-isomers is observed with other compounds in the Table and is in direct 
contrast to the observation, made in Part I, that the analogous coupling constants in cis- 
and trans-2-substituted propenes differ significantly. 

The +-values of 8-olefinic protons are seen (Table) to depend markedly on stereo- 
chemistry, being deshielded by 0-5—0-9 p.p.m. in the isomer in which they are cis to the 
alkoxycarbonyl substituent. Too few examples are available to relate the magnitude of 
the differential shift to structural variations. The deshielding of the protons of a cis-8- 
methyl group is fairly constant, being of the order of 0-25 p.p.m. A shift of this magnitude 
is appreciable, particularly when it is realised that the net shielding effect is the average 
for the three equivalent conformations of the methyl group. It is noteworthy that the 


HC WH differential shift (0-60 p.p.m.) of the 8-methylene protons in the 

‘c= Cc 8-methylglutaconic esters is much larger than that of the 6-methyl 
MeO,C-C% yo OMe protons. This suggests that the conformation (I) is heavily 
\H populated. The shift of the methylene protons is of the order 


" (I) observed for cis-$-olefinic protons which are rigidly fixed. This 
is to be expected because, although the methylene protons are not rigidly orientated, 
they can approach closer to the magnetically anisotropic carbonyl than does the olefinic 
proton. , 

The above examples clearly demonstrate that, provided both isomers are available, 
nuclear magnetic resonance spectroscopy can be used to establish the geometric configur- 
ations of «8-unsaturated esters. The method is likely to prove of considerable use with 
tri- and tetra-substituted derivatives, for in such cases there are no infrared bands which 
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can be reliably correlated with configuration, and ultraviolet spectra can seldom be used 
to make a definite assignment of configuration. Already several examples ?* of the 
successful application of nuclear magnetic resonance in this field have followed our 
preliminary communication.5 

In the present work it was necessary to re-investigate the two reported $-methyl- 
glutaconic acids. We found that a ¢vans-configuration had been erroneously assigned to 
a mixture of isomers. This provided a basis for the revision of earlier conclusions con- 
cerning configuration and led to the isolation of the pure ¢vans-isomer. Because there is 
considerable confusion in the literature, the existing information will be restated. 

8-Methylglutaconic acid, m. p. 146°, was first prepared by the alkaline hydrolysis of 
ethyl isodehydroacetate.* The structure of ethyl isodehydroacetate was itself in question 
at the time, and a controversy over its structure involved a difference of opinion as to the 
characteristics of the acids obtained during this alkaline degradation. The possibility 
that the acid existed in cis-trans-forms was recognised’? and apparently established with 
the isolation of two forms of the acid, m. p.s 115° and 141°. The 141° acid was described 
as the product readily formed by alkaline hydrolysis of the isodehydroacetate or from the 
anhydride on hydrolysis and was hence assigned the cis-structure. The 115° isomer was 
accordingly assigned the trans-configuration. A careful review of the evidence ® estab- 
lished that there were apparently only two forms of the acid, m. p.s 147° and 115°. No 
evidence was available that indicated the existence of a third form or a difference between 
the products melting at 141° and 147°, and it was tacitly assumed that the two were the 
same material in different states of purity. The higher-melting acid was formed initially 
on opening of either the ethyl isodehydroacetate or the 8-methylglutaconic anhydride ring. 
Prolongation of the alkaline hydrolysis resulted in a decrease in yield of the 147° form and 
an increase in that of the 115° form. Heating with alkali isomerised the 147° to the 115° 
form. Although questioned,®* the assignment of the cis-structure to the 147° acid has 
been generally accepted. This acid can readily be obtained with a m. p. of 150°" or 
152° 2 by recrystallisation from ether, and is also formed on saponification of the condens- 
ation product from malonic ester and ethyl tetrolate § or on condensation of ethyl cyano- 
acetate with acetoacetic ester.43 It has been shown that the 115° form is, and the 146° 
form is not,!® incorporated into cholesterol by liver enzymes, and that this may take 
place without degradation to smaller fragments.4* Paper-chromatographic studies 1® used 
to establish the presence of $-methylglutaconic acid have shown that the compound 
melting at 115° is “ a mixture of the two isomers.” 

The methyl ester of the acid, m. p. 150°, gives rise to a doublet (J ~0-9 c./sec.) at 8-04 
(C-Me) and bands at 6-28, 6-36 (CH, and OMe), and 4-27 (‘CH). An aqueous solution of 
the acid itself shows bands with similar separations. That this acid is the true cts-form 
was shown by observing the spectrum of the anhydride dissolved in water. Even at room 
temperature, before hydrolysis is complete, the bands appear at the positions observed for 
the acid itself and no other lines possibly characteristic of the other isomer can be found. 

* In Beilstein’s ‘‘ Handbuch,” Vol. II, p. 777, the 147° form is designated cis. In the first supple- 
ment, assignment is left undecided. In the second supplement, the 147° form is designated trans. 


Morris, Vernon, and White, Proc. Chem. Soc., 1958, 303. 
Elvidge, J., 1959, 474. 

Burrell, Jackman, and Weedon, Proc. Chem. Soc., 1959, 263. 
Jackman and Wiley, Proc. Chem. Soc., 1958, 196. 

Hantzsch, Annalen, 1883, 222, 31. 

Genvresse, Ann. Chim. Phys., 1891, 24, 108. 

Feist, Annalen, 1906, 345, 60. 

Bland and Thorpe, J., 1912, 101, 856, 1557. 

10 Cawley, J. Amer. Chem. Soc., 1955, 77, 4125. 

11 Adams and Van Duuren, J. Amer. Chem. Soc., 1953, 75, 2377. 
12 Fichter and Schwab, Annalen, 1906, 348, 254. 

13 Rogerson and Thorpe, J., 1905, 87, 1692. 

™ Rabinowitz and Gurin, J. Amer. Chem. Soc., 1954, 76, 5168. 
18 Bloch, Clark, and Harary, J. Biol. Chem., 1954, 211, 687. 

1 Adamson and Greenberg, Biochim. Biophys. Acta, 1957, 28, 472. 
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The spectrum of the ester derived from the acid, m. p. 115°, was more complex. In 
addition to the bands observed with the cis-ester it contained a doublet (J ~0-9) at 7-80 
and a band at 6-935. The two additional bands were attributable to the trans-isomer on 
the basis that the 115° isomer was in fact a mixture of the cis-form with the previously 
uncharacterised tvans-form. Such a possibility is supported by previous observations 
that stereoisomeric acids of the type R°C(CH,):CH-CO,H form molecular complexes or 
mixed crystals.1748 Such complexes have been converted into the trans-form by ultra- 
violet irradiation in the presence of iodine and, when this technique was applied to the 
acid of m. p. 115°, a new form, m. p. 140°, was obtained. The methyl ester of the new 
acid exhibited bands at 7-80, 6-935, 6-36 (OMe), and 4-27, and must therefore be the pure 
methyl trans-8-glutaconate. 


EXPERIMENTAL 

Microanalyses and light absorption measurements were carried out in the microanalytical 
(Miss J. Cuckney) and spectrographic (Mrs. A. I. Boston and Dr. R. L. Erskine) laboratories 
of this Department. 

Nuclear Magnetic Spectra.—Unless otherwise stated above, all spectra were measured on 
5—7% solutions in carbon tetrachloride. For further details see the preceding paper. 

Materials.—Commercial samples of methyl methacrylate, n,** 1-4155, dimethyl maleate, 
n,** 1-4420, and dimethyl fumarate, m. p. 101—103°, were used. 

Commercial samples of the corresponding acids were esterified with diazomethane at 0—5° 
in ether to give the following esters: methyl senecioate, b. p. 124—125°, nm," 1-4388 (lit.,2 
n,*° 1-4382); dimethyl citraconate, b. p. 97—96°/12 mm., ,** 1-4470 (lit.,2° 1,17 1-4510); 
dimethyl mesaconate, b. p. 80°/10 mm., ,* 1-4538 (lit.,24 2, 1-4557); methyl crotonate 
(trans), b. p. 108—109° n,*4 1-4255 (lit.,2* m,,?° 1-4250); methyl tiglate, b. p. 127—127-5°/21 
mm., ”,*1 1-4365 (lit.,2* »,?° 1-4371). 

Dimethyl dimethylmaleate, b. p. 107—110°/22 mm., n,** 1-4565 (lit.,%4 b. p. 106°/17 mm.), 
was prepared from the anhydride and methanol. The anhydride, m. p. 95°, was prepared by 
the hydrolysis and dehydration of the cyanohydrin of methyl methylacetoacetate, the procedure 
used with acetosuccinic ester * being followed. Dimethyl dimethylfumarate, m. p. 41—42° 
(lit.,2° 41—42°), was prepared from diazomethane and the acid, m. p. 246—248° (lit.,2® m. p. 
239—240°), which was obtained by isomerisation of dimethylmaleic acid by alkali.2? This 
acid was separated, in comparable yields, from the more soluble dimethylmaleic acid and 
f-methylitaconic acid as the insoluble residue left on washing the crude hydrolysis product 
with hot benzene rather than by the involved procedure given previously.?” 

Methyl cis-crotonate was provided by Dr. L. Crombie. Infrared analysis showed it to 
contain 92-5% of cis- and 7-5% of the trans-form. 

Methyl angelate, b. p. 112—113°/22 mm., m,,”* 1-4310 (lit.,° 1-4330), was prepared by the 
diazomethane esterification of angelic acid, prepared as previously described.®° 

Dimethyl cis-6-methylglutaconate, b. p. 68—69°/2 mm., ,,"° 1-4582, Amax. 215 my (e 13,090), 
was prepared by the esterification of the cis-acid of m. p. 148—148-5° with diazomethane. The 
cis-acid was prepared by isomerisation,!® with hydrochloric acid, of the crude 8-methylglutaconic 
acid resulting from the alkaline hydrolysis of ethyl isodehydroacetate (we are indebted to the 
Tennessee Eastman Company for generous samples of this ester).* 

Ethyl cis- and trans-B-ionylideneacetate were prepared as previously described.** The 
ethyl ester of the ¢tvans-isomer was prepared by esterification of the acid, m. p. 127-5—128-5°. 
The cis-ester was obtained from a mixture of isomers by chromatography on alumina. The 


17 Stoermer, Grimm, and ‘Laage, Ber., 1917, 50, 959. 

18 Wiley, J., 1958, 3831. 

19 Wagner and Moore, J. Amer. Chem. Soc., 1950, 72, 974. 

20 von Auwers and Eisenlohr, J. prakt. Chem., 1911, 84, 97. 

*1 Knops, Annalen, 1888, 248, 197. 

#2 Gordon, Miller, and Day, J. Amer. Chem. Soc., 1948, 70, 1946. 
*3 Buckles and Mock, J. Org. Chem., 1950, 15, 680. 

24 von Auwers and Cauer, Annalen, 1929, 470, 307. 

25 Thiele, Annalen, 1899, 306, 242. 

26 von Auwers and Harries, Ber., 1929, 62, 1678. 

27 Fittig and Kettner, Annalen, 1898, 304, 158. 

Huisman et al., Rec. Trav. chim., 1952, 71, 899; 1956, 75, 977. 
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purity of both esters was established by gas-liquid chromatography (we are indebted to W. Gee 
for preparing these two esters). 

trans-8-Methylglutaconic acid. The mixture of isomers of B-methylglutaconic acid, m. p. 
115°, was prepared from the crude acids, which have been shown to be mostly trans,!° obtained 
by alkaline hydrolysis of ethyl isodehydroacetate.*® 

6-Methylglutaconic acid (5 g.), m. p. 115°, was dissolved in dry benzene (50 ml.) and absolute 
ether (50 ml.). The solution was placed in a quartz flask and a solution (3-5 ml.) of iodine 
(1-0 g.) in benzene (50 ml.) was added. The flask and its contents were placed within }” of a 
125 w Crompton Parkinson 3 pin B.C. ultraviolet lamp, from which the shield had been removed, 
and irradiated for 2 hr. The solution was evaporated to one-third of its volume and cooled 
to precipitate the acid. The precipitates from five such runs were combined and repeatedly 
extracted with boiling benzene (25 x 25 ml.). Recrystallisation of the product from ether 
and from chloroform afforded pure trans-8-methylglutaconic acid (3-6 g.), m. p. 139—140° 
(Found: C, 49-8; H, 5-9. C,H,O, requires C, 50-0; H, 5-6%). The material recovered from 
the benzene extracts could be isomerised to yield further quantities of the tvans-acid. 

Dimethyl trans-8-methylglutaconate, b. p. 65—66°/0-7 mm., 7,,!° 1-4595, Amax, 215 my (e 13,780), 
was prepared by the esterification of the acid of m. p. 139—140° with diazomethane (Found: 
C, 55°95; H, 7-1. C,H,,.O, requires C, 55-8; H, 7-0%). A mixture of the methyl esters of 
cis- and trans-B-methylglutaconate, b. p. 56—58°/0-5 mm., ”,)* 1-4598, was prepared by 
similar esterification of the acid, m. p. 115°, described above. 

cis-B-Methylglutaconic acid, m. p. 150°, shows infrared absorption lines (in Nujol) at 1709, 
1684, 1639, 1416, 1355 (sh), 1319, 1282, 1222, 1155, 1050, 1035, 954 (sh), 933, 911, 878, 856, 
744, 721, 685, and 672 cm.. The ¢tvans-acid, m. p. 140°, shows infrared absorption lines (in 
Nujol) at 1706, 1645, 1414, 1357 (sh), 1323, 1309 (sh.), 1272, 1238, 1199, 1174, 1046 (w), 1033 
(w), 927, 904, 873, 847, 750, 724, 690, and 672 cm.7. 


One of us (R. H. W.) thanks the National Science Foundation for the Senior Post-doctoral 
Fellowship which made possible his tenure in the Department of Chemistry at the Imperial 
College of Science and Technology during 1957—58, and the University of Louisville for a leave 
of absence covering the period during which the work described in Parts II and III was carried 
out. 
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583. Molecular Polarisability. The Molar Kerr Constants and Dipole 
Moments of Six Polyethylene Glycols as Solutes in Benzene. 


By M. Aroney, R. J. W. Le Févre, and (Miss) G. M. PARKINs. 


Dipole moments and molar Kerr constants have been measured for the 
cases of HO-[CH,°CH,°O],"H in which x = 4-1, 6-4, 18, 34, 78, and 153. 
Both properties can be reconciled with the supposition that gauche- and trans- 
conformations of the group -O*CH,°CH,°O: are equally probable for x up to 
about 5, but that thereafter gauche- or cis-arrangements occur more frequently 
than trans. A tendency for the larger macromolecular chains to contain 
helically coiled portions (a possibility already indicated by infrared studies) 
is therefore explicable. 


THE polyethylene glycols (I) differ from the polyvinyls (II) previously ! examined here in 
that their polarities must be the vector sums of component “ ether” moments residing 
in the main chain itself rather than in the attached side groups R or R’. At the outset 
therefore it seemed likely that information on the conformations adopted by macro- 
molecules of type (I) as solutes might be provided by measurements of polarity and electric 


1 Le Févre, Le Févre, and Parkins, J., 1958, 1468; Le Févre, Le Févre, and Parkins, J., 1960, 1814; 
Le Févre and Somasundaram (polyacrylates, methacrylates, etc.), unpublished work. 
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birefringence. The possibility that polyethylene glycols have highly crumpled helical 
structures had already been demonstrated by X-ray studies * of the solid phases, and by 
infrared work * on both crystals and melt from a specimen having a molecular weight of 
6000. However, dipole-moment measurements in dioxan by Uchida e¢ al.‘ on a series in 
which x in HO-[C,H,O],"H progressed from 1 to 7, were, for x = 1—5, reconcilable with 


HO. CH CH fe) OH CH, 
Ne gg fe [/ *\ che, 
(1) (Il) 


structures involving free rotation (in the sense that trans- and gauche-conformations, 
wherever there is a choice, are equally probable). Apart from work described now and 
elsewhere,‘ the only relevant dipole-moment determination is one by Svirbely and Lander,5 
who reported » = 9-91 D for a specimen of M = 3750 in benzene at 44°, and noted that this 
result disagreed with either of the two simplest linear structures. Moreover it is ca. 2 D 
lower than the moment required for a free-rotation model. Examination of members 
having x greater than 7 thus seemed desirable. 


EXPERIMENTAL 


Solutes.—Six polyethylene glycols (commercially termed PEG followed by a number 
denoting the approximate molecular weight) were presented to us by Shell Chemicals (Australia) 
Pty. Ltd.; of these PEG 200 and 300 were viscous oils, 800 and 1500 were waxes, and 4000 
and 6000 were apparently crystalline. Their molecular-weight distributions (determined by 
end-group analysis) were 190—210, 285—315, 760—840, 1430—1570, 3300—3600, and 6000— 
7500. For purposes of calculation, the mid-point of each range has been taken as M. The 
PEG’s were used without additional treatment. 

Procedures.—Dielectric constants, ¢, densities, d, refractive indexes, nm, and Kerr constants, B, 
of solutions in sodium-dried benzene were measured as described before.* Concentrations 
were recorded as weight fractions, w, of solute. In the Tables and elsewhere below, suffixes 
1, 2, and 12 indicate respectively solvent, solute, and solution; the prefix A denotes a difference 
between the property of a solution and that of the solvent, e.g., AB = B,, — B,, Ae = ey, — &, 
etc. The symbols a, 8, y, and 3 are drawn ® from equations, assumed to apply at higher 
dilutions, of the following forms: ¢,, = ¢,(1 + awe), dig = d,(1 + Bw,), my = 1, (1 + yw), 
and B,, = B,(1 + 8w,). Total polarisations, or molar Kerr constants, extrapolated to infinite 
dilution are shown thus: ,P, or —(mK,); calculations are actually performed on specific 
quantities, p, or gK,, which when w, = 0 are given by: 


oP, = Py(1 — B) + Sae,/d,(e, + 2)? or o(sKy) = sK,(1l — 8B + y + 8 — Hy — Jae) 


where 9, = (€, — 1)/d,(e, + 2), sK, = 6Am,B,/(n,? + 2)%(e, + 2)*d,, 
H = 4n,?/(n,? + 2), and J = 2/(e, + 2). 


All measurements have been at 25° for light of 4 = 5893 A. Fuller details of our methods are 
given on p. 283 of ref. 6(b). For benzene, values are: ¢, = 2-2725, d, = 0-87378, n, = 1-4973, 
p, = 034086 c.c., H = 2-114, J = 0-4681, B, = 0-410 x 1077, and sK, = 7-56 x 10™. 

Results.—These are set out in Table 1. In certain instances the relations between Ae or 
AB and w, are not rectilinear; data have therefore been fitted by the method of least squares 
to equations such as Ae = aw, + bw,? or AB = a’w, + b’w,?; then a = (ae,)y,-9 Or a’ = 
(B 19), 0: 


2 Sauter, Z. phys. Chem., 1933, B, 21, 161; Barnes and Ross, J. Amer. Chem. Soc., 1936, 58, 1129; 
Fuller, Rubber Chem. Tech., 1941, 14, 323. 

3 Davison, J., 1955, 3270. ° 

* Uchida, Kurita, Koizumi, and Kubo, J. Polymer Sci., 1956, 21, 313. 

5 Svirbely and Lander, J. Amer. Chem. Soc., 1945, 67, 2189. 

® (a) Le Févre, ‘‘ Dipole Moments,”’ Methuen, London, 3rd edn., 1953, chap. 2; Buckingham, Chau, 
Freeman, Le Févre, Rao, and Tardif, J., 1956, 1405; Le Févre and Le Févre, J., 1953, 4041; 1954, 
1577; (b) Rev. Pure and. Appl. Chem., 1955, 5, 261. 
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TABLE 1. Dielectric constants, densities, refractive indexes, and Kerr effects for solutions 
of PEG’s in benzene at 25° and 2 = 5893 A. 





PEG 200 
Wavy 0000 698 1082 1557 1589 1822 1856 2042 2226 
Ben voeeeeses 2-3209 2-3502 2-3816 2-3852 2-4015 2-4036 2-4200 2-4294 
Gan -vecesesee 0-87524 0-87594 0-87687 0-87694 0-87737 — 0-87782 0-87811 
gs 1200 1589 1600 1822 2085 2803 3529 4170 
1OPAB ...... 0-035 0-047 0-046 0-055 0-060 0-076 0-084 — 
—10*An ... — --: 6 — 9 10 — 12-5 
whence SAe/Sw, = 7-08,; DAd/Sw, — 0-1969; 107AB = 3-444w, —28-95w,?; LAn/Xw, = —0-036,. 
PEG 300 
10°’w, ...... 1196 1756 2223 
of 23442 23790 24051 
Bids ieicoce 0-87618 0-87715 0-87817 
FW ; cocees 1196 1572 1756 1913 2223 
10°AB ...... 0-022 0-031 0-034 0-037 0-041 
—10*An -- 4 -- 5 6 
whence }Ae/Sw, = 6:00,; YAd/Sw, = 0-1952; 10’AB = 2-018w, — 6-17w,?; LYAn/Xw, = —0-026,. 
PEG 800 
BP aig voces 1065 1295 1672 1849 1956 2558 
Bis“ vsdsvsees 2-3129 2-3243 2-3369 2-3405 2-3463 2-3685 
Bee asccseves 0-87598 0-87647 0-87726 0-87759 — 0-87907 
10°AB ...... 0-013 0-016 0-021 0-025 0-025 0-029 
—10*An ... 3 5 8 — — _ 
whence Ac = 3-963w, — 9-3lw,?; SAd/Sw, = 0-2058; 10’AB = 1-439w, — 1-04w,?; LAn/Yw, = 
—0-024,. 
PEG 1500 
BOP mig  a0s00 993 1297 1431 1576 1807 2041 2416 2418 2559 
Beh vvccdsecs 2-3076 2-3178 2-3204 ~- 2-3326 -- — 2-3557 2-3620 
ee 0-87603 0-87655 0-87683 —- 0-87771 -- — 0-87893 0-87913 
IO°AB ...... ~ — -- 0-013 = 0-020 0-024 0-023 0-027 
—10*An ... 2 -— -- —— -— -— 4 + 5 
whence > Ae/Sw, = 3-43,; SAd/Sw, = 0-2130; 10’AB = 0-5585w, + 18-3w,*; DAn/XCw, = —0-018,. 
PEG 4000 
og ere 772 1172 1374 1761 1767 
Seq cveccrece 2-2964 2-3096 2-3151 2-3272 2-3284 
ee 0-87543 0-87630 0:87673 0-87750 0-87761 
1O°AB ...... 0-000 —0-001 0-000 0-002 0-001 
—10*An ... _- 2 -— 2 3 
whence > Ae/S\w, = 3-141; YS Ad/Sw, = 0-2128; YAB/Yw, = —0-03; LAn/Sw, = —0-0149. 
PEG 6000 
Wavy  .00000 871 1249 1558 1595 1632 1725 
ee aka 2-3001 2-3117 2-3207 don 2-3235 — 
ie: sovbiocds 0:87557 0-87639 0-87703 —- 0-87716 — 
or —0-004 — 0-006 — 0-008 — 0-008 — 0-009 —0-010 
—10'An . - = 1 1 2 


whence > Ae/Sw, = 3:126;' YAd/Sw, = 02062; 107AB = —0-303w, — 1-45w,?; LAn/Xw, = —0-008. 


DISCUSSION 
Dipole Moments.—PEG’s 200—300 correspond roughly to the “tetramer” and 
“ hexamer ”’ included among the seven compounds examined by Uchida e¢ al.,4 for which 
moments (in dioxan) were recorded as: 


1 2 3 + 5 6 7 
BD sicceevececsses 2-38 2-69 2-99 3-25 3-42 3:46 3-65 


Thus our results (in benzene) appear to be 0-4 and 0-6 D, respectively, higher than those 
of the Japanese workers. The moment of 9-91 pD reported by Svirbely and Lander for 
a PEG of M = 3750 in benzene is in reasonable accord with 10-1 D now found for PEG 4000. 

The literature 7 shows the moment of ethylene glycol in either ethyl ether or dioxan 


? Wesson, ‘‘ Tables of Electric Dipole Moments,”’ Technology Press, Massachusetts Inst, Technology, 
1948. 
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to be temperature variant, but between 2-2 and 2-4pD at 25°, in agreement with 2-38 p 
quoted by Uchida et al. As a gas, observed by Zahn (quoted by Wesson ”) from 417° to 
506° K,u = 2-2;p. Higher glycols have only slightly greater moments, e.g., HO*[(CH,},.°OH 
has’? uw = 2-52pD in dioxan at 25°. It is clear therefore, from both ref. 4 and Table 2, 


TABLE 2. Specific polarisations, refractions, Kerr constants, and dipole moments of six 
polyethylene glycols in benzene at 25°. 


Solute PEG 200 PEG 300 PEG 800 PEG 1500 PEG 4000 PEG 6000 

Big: | in wudsssitecéins 200 300 800 1500 3450 6750 
Be cannscssdotencess 4-1 6-4 18 34 78 153 
GE covesccesesccccens 7-088 6-006 3-963 3-437 3-141 3-126 
BP .nrvsescdsccecsccsons 0-224 0-223 0-206 0-244 0-244 0-236 
mh” Scoccsedeasecusies 0-024 0-018 0-016 0-012 0-010 0-005 
Di cisgnusceeunsiwsseces 8-400 4-922 3-510 1-362 — 0-076 —0-739 
abe EE) vccsccses 1-598 1-394 1-006 0-904 0-849 0-848 
ow A) eee 0-240 0-245 0-242 0-241 0-244 0-251 
10'2.n(gKq) ........- 0-445 0-220 0-187 0-040 —0-059 —0-108 
PB (D)  nccvccscescnces 3°64 4-10 5-46 6-97 10-1 14:0 


* In HO-(C,H,O],-H. f Specific refraction of solute. 


that in the PEG series the polarities increase progressively with molecular weight. This 
fact invalidates a configuration which is trans throughout, since for such forms the observed 
moments should be zero or a constant according as the number of repeat units is even or 
odd; it also rules out Staudinger’s “ meandered ” form,® in which cis- and trans-arrange- 
ments occur alternately along the chain, because each of the successive ether moments 
would be directed anti-parallel to the preceding one, as in the simple zig-zag configuration. 

Uchida, Kurita, Koizumi, and Kubo £ developed an equation to give u*,.,. on the assump- 
tion that trans and gauche potential minima are equally important; when—following 
them—v¢-o is inserted as 1-20 D, uy~o as 1-53 D, and (4)* is neglected when x exceeds 3, we 
find that yu,” = 3-2399 + 1-:772x. Calculated and observed moments for eleven examples 
of HO-[C,H,O],-H are compared in Table 3; both are seen to increase with increasing 


TABLE 3. Calculated and observed moments for the series HO*[(C,H,O},*H. 


Hobs. Mobs. Hobs. Hobs. 
* Heale. (ref. 8) (this paper) x Peale. (ref. 8) (this paper) 
1 2-24 2-38 — 7 3-96 3-65 — 
2 2-61 2-69 — 18 5-93 — 5-46 
3 2-93 2-99 — 34 7:97 — 6-97 
4 3-21 3-25 3-64 78 11-9 - 10-1 
5 3-48 3-42 ao 153 16-6 — 14-0 
6 3°73 3°46 4-10 


molecular weight. From graphs we find that pouic. = Hors. at x = ca. 4 or ca. 10 for 
solvents dioxan or benzene respectively; above these values of x the calculated moments 
begin more and more to surpass those measured. Uchida e¢ al. attribute this deviation 
to “ disregard of the volume effect favouring extended structures. These would simulate 
the zig-zag form having a number of pairs of bond moments directed antiparallel to each 
other.”” A tendency of larger molecules to adopt helical conformations would, of course, 
produce the same result. 

In dioxan it is probable that all the hydroxyl groups form hydrogen bonds with the 
solvent, whereas in benzene no such solvent-solute interaction can occur. Presumably 
the over-all higher moments in dioxan compared with those in benzene may be explained 
by this interaction, the absence of which in benzene suggests that the u’s measured in this 
solvent are nearer the true values for the series. 

Kerr Constants.—From the values of ..(sK,) and M in Table 2, molar Kerr constants 
o(mKX,) x 10% are, for the six PEG’s respectively: +89, +66, +150, +60, —204, and 


- * Staudinger, ‘‘ Die Hochmolekulare organische Verbindungen, ‘‘ Springer, Berlin, 1932, pp. 293, 
Ol. 
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—729. The inversion of algebraic sign as M becomes fairly large is notable and has not 
hitherto been found with other polymers. 

Extraction of semi-axes of polarisability by usual ® routes is not possible since neither 
depolarisation data nor information on the directions of action of the resultant moments 
is available. The quotients 10'*,,K,/x diminish from +22 through 10-3, 8-3, 1-8, —2-6, 
to —4-8 for PEG’s 200 to 6000; thus the anistropy per monomer unit appears to be at a 
minimum between M = 1500 and 3450. The same behaviour is shown by 8 or 10, (sK,) 
in Table 2. Qualitatively, the incomplete flexibility indicated by the dipole moments 
of the higher numbers could be harmonised with the Kerr constants in two ways: Suppose 
b,, bg, and bg are the semi-axes of the molecular polarisability ellipsoid, and 6, 4 b, = b,; 
let Uresuitant Make an angle $ with the 6, axis; then the dipole term 6, (the subscript does 
not here denote solute, cf. p. 270 of ref. 6b) reduces to: 


6, = (constant) p*/(3 cos? 8 — 1)(b, — b,)} 


If (6, — b,) remains positive, then the algebraic sign of @,, and hence of ..(/.), will change 
from positive through zero to negative if, as the molecular weight rises, 8 increases and 
passes through the critical value of 54-7°. Alternatively, if 8 remains constant, a negative 
6, may be produced when }, becomes greater than },. The actual state of affairs quite 
possibly involves both explanations. 

Other evidence on the structures of polyethylene glycols is of interest. As mentioned 
earlier, X-ray methods ? revealed that crystalline PEG had a very crumpled chain in which 
nine repeated units occurred in a fibre period of 19-5 A. Infrared studies on a PEG of 
M = 6000 indicated that the group O-[CH,)],°O substantially retained a gauche-configur- 
ation from the solid material into its melts. Davison, after noting that the mean dichroic 
ratio of the symmetrical (A) wagging, twisting, and rocking CH, modes is about 1-6, 
remarks “‘ this means that the two-fold symmetry axis of the O-[CH,],"O group is inclined 
at about 48° to the fibre axis. From the dichroic ratios of the B rocking mode (about 0-4) 
and of the B wagging mode (about 0-5) the X and Y axes of this group must be inclined at 
about 65° to the fibre axis. . . . The oblique orientation of the methyiene and COC groups 
is consistent with a helical configuration.’”” Davison adds that the best model he could 
construct by using Stuart-type atomic models, and incorporating the configurations and 
orientations deduced in his work, was a helix with a three-fold screw axis; nine repeating 
units of this model occupy the fibre period of 19-5 A already found by X-ray diffraction. 
While our measurements were in progress a more recent paper by Kurodo and Kubo ® 
appeared in which, from the CH, rocking vibrations, the authors deduce that the polymers 
of higher molecular weight assume a crumpled helical structure resulting from cis-minima, 
and that those of lower molecular weight are not restricted to the same configuration but 
take somewhat irregular forms involving both the cis- and the trans-minima of the internal 
rotations about single bonds. 

Reviewing all the evidence therefore, we conclude (a) that the lower numbers with x 
from 1 to about 5 have the random conformations to be expected from “ free rotation,” 
but (5) that above x = 7 the solute molecules tend to become extended and adopt less 
disordered arrangements in which gauche- or cis-minima are more frequent than érans; 
the use of such minima must lead to helical coiling of portions of the macromolecular 
chains, and in turn to the observed excess Of poaie, OVET pops., and the inversion from 
positivity to negativity of ..(sK,) with increasing molecular weight. 

Empirical Connections between Properties and Molecular Weights.—Inspection of 
Table 2 shows that the dielectric constant factors ae,, the specific polarisations at infinite 
dilution ./., the dipole moments pu, and the specific Kerr constants ..(sK,) change fairly 
smoothly with increasing molecular weight. Equations for these four relationships have 
been extracted; results are given in Table 4, together with comparisons of observed and 

® Kurodo and Kubo, J. Polymer Sci., 1957, 26, 323. 
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calculated results. A similar correlation, useful for M determinations, between specific 
extinction coefficients at 7140 cm. of the PEG’s in benzene and their molecular weights 
has already been reported.!® 


TABLE 4. Relations between properties and log (M,/200) = log L. 


Dielectric constant factor ac, = 7-088 — 6-526L + 2-610L? 
Specific polarisation, op, op, = 1-598 — 1-239L + 0-496L? 
Dipole moment p = 3-64 + 0-O18L + 4-39L? 
Specific Kerr constant o(,K,) = 0-445 — 0-614L + 0-168L? 
PEG 300 800 1500 PEG 300 800 1500 4000 6000 
ag, (calc.)... 5°95 4:10 3-38 . . 388 524 700 10-4 13-9 
(obs.)... 6-01 3-96 3-44 . .) 410 546 697 10-1 14-0 
wp, (calc.) 1-395 1-032 0-894 0-825 0-863 o(,A,) (calc.) 0-34 0-14 0-04 —0-06 —0-10 
(obs.) 1-394 1-006 0-904 0-849 0-849 (obs.) 0:22 0-19 004 —0-06 —0-10 


The authors are indebted to Shell Chemicals (Australia) Pty. Ltd., for gifts of the poly- 


ethylene glycols and to the University of Sydney Research Committee for the award of a 
Studentship to G. M. P. 
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584. Factors influencing the Rates of Dissociation of Metal Complexes. 
Part II* The Dissociation of Complexes of Nickel with Various 
Diamines. 


By A. K. SHAMSUDDIN AHMED and R. G. WiLKkiNs. 


The rates of dissociation have been studied, in acid solution, of the mono- 
complex of nickel(11) with various aliphatic diamines, and the results com- 
pared with those previously obtained for [Ni(en)]**. The effects of N- and 
C-alkyl substitution of ethylenediamine and of the ring size of the chelate 
group have been investigated. Correlations of the kinetic parameters with 
the known thermodynamic properties of the ions have been attempted. The 
mode of dissociation, in neutral solution, of mono-(2-methylpyridylamine)- 
nickel(11) ion, containing co-ordinated primary and tertiary nitrogen, has 
been deduced from **Ni** and *H,O exchange experiments. 


In Part I, we studied the rate of dissociation of [Ni(en)]** into nickel ion and ligand, 
through a wide range of pH, and from this and from hydrogen-exchange data, determined 
the rate constant for the first bond rupture of the chelate compound (k,).__ We now examine 
the effects of changes of the diamine (A) on the dissociation rate and, in particular, on the 
value of k, (A’ represents the diamine attached at one end): 


k k 
[NiA]?+ <p [NiA’]?+ ee Ni2+ + A 


ky ky 4 


k 





For simplicity of interpretation and because of their slower dissociation, the complexes 
with one ligand only were used (mono) and the effects, on the rate, of N- and C-alkyl * 
substitution of the diamine and of the ring size of the chelate compound investigated. 
Since the stability constants are known with the systems we have examined, we can deduce 
any resemblances between thermodynamic and kinetic behaviour, a relation little 
investigated with complex compounds. 


* Some preliminary results on C-substitution are included in a previous paper.* 


? Part I, Ahmed and Wilkins, J., 1959, 3700. 
* Wilkins, J., 1957, 4521. 



















































2896 Ahmed and Wilkins: Factors influencing the 


EXPERIMENTAL 
Materials —NN’- and NN-Dimethylethylenediamine and 1,3-diamino-2,2-dimethylpropane 
were gifts from Imperial Chemical Industries Limited, and cis- and trans-1,2-diaminocyclo- 
hexane from Geigy Chemical Company. 1,3-Diaminopropane and 2-methylpyridylamine were 
purchased from L. Light and Co., Ltd. NN’-Diethyl- and NN’-di-n-propyl-ethylenediamine 
resulted from alkylation of 2-methylimidazoline with ethyl and n-propyl bromide, respectively ; 3 
the mixtures with the mono-N-derivative were separated by fractional crystallisation. Racemic 
and meso-2,3-diaminobutane were obtained by reduction of dimethylglyoxime;* they were 
easily separated by fractional crystallisation of their dihydrochlorides from aqueous methanol. 
All amines were redistilled, before use, and had the b. p. in the literature. Aqueous solutions 
of the amines were estimated against standard acid, or prepared from weighed amounts of the 
perchlorate salt and alkali. Other reagents were prepared as described previously.! 

The two nickel complexes precipitated by Reinecke’s salt for exchange work reported below 
were analysed. (a) trans-1,2-diaminocyclohexane complex (Found: C, 18-9; H, 4:3; N, 21-1; 
H,O, 12-1. CygH3gN,4Cr,NiO,S, requires C, 18-3; H, 4-2; N, 21-4; H,O, 11-8%); (b) 2-methyl- 
pyridylamine complex (Found: Ni, 6-6; H,O, 8-15. C,gHagN,,Cr,NiO,S, requires Ni, 6-7; H,O, 
8-2%). Some unaccountable difficulties were encountered with carbon and hydrogen analysis 
of the latter. 

H*-Consumption and Spectrophotometric Experiments.—The measurements were as described 
in PartI. The concentrations of complex and nickel used were 2—4 mm and 4—6 m., respec- 
tively (H*-consumption experiments) and 10—30 mm and 20—50 mm (spectrophotometry). 
The medium contained sodium and perchlorate ions, u = 2-0M, unless otherwise indicated. 
The presence of free nickel ions in all experiments ensured that the mono-complex was the 
species investigated, as indicated also by spectral examination which showed characteristic 
mono-peak positions. A small amount of the bis-complex, easily shown to be present in the 
original solution as a rapid initial reaction in the first-order plot, was allowed for in determining 
the rate constant. In the preparation of the solution containing mono-(cis-1,2-diaminocyclo- 
hexane)nickel(11) ion, some bis-complex was filtered off. before use. The results are shown in 
Table 1. 

Exchange Runs.'—(a) Nickel exchange. Three amine complexes were studied. We were 
unable to precipitate the complex species with naphthalene-1,5-disulphonate as used with 
[Ni(en)]**. Mono-(tvans-1,2-diaminocyclohexane)- and (2-methylpyridylamine)-nickel(11) were 
freed from nickel ion by addition of a saturated aqueous solution of Reinecke’s salt. The pink 
precipitate was washed with ice-cold water, alcohol, and ether, and air-dried. With the racemic 
2,3-diaminobutane complex no suitable precipitant was found, and in this case, nickel ion was 
preferentially precipitated with a deficiency of hydroxide. The nickel hydroxide was quickly 
washed with cold water, dissolved in acid, and radio-assayed as nickel dimethylglyoxime. 
About 20% zero-time exchange was observed and although the results were not as reproducible 
as usual, an indication of the exchange rate was obtained. The rate constant for dissociation 
was calculated from the data, on the assumption that the exchange was of first-order in com- 
plex and of zero-order in nickel-ion concentration. 

(b) Hydrogen exchange. Since it was not possible to obtain high yields of mono-(¢vans-1,2-di- 
aminocyclohexane)- or (2-methylpyridylamine)-nickel(11) as a solid nitrate or chloride, the 
method used for the ethylenediamine analogue could not be followed. The mono(diaminocyclo- 
hexane)nickel(11) ion-water exchange will be described as typical of the procedure used instead. 
A concentrated solution of the mono-complex in *H,O (1-2 c.c., 0-15M-complex and 0-45m-nickel 
nitrate) was settled to 0°, and a pre-cooled dilute solution of the complex in normal water was 
added (60 c.c., 0:005m-complex, 0-015M-Ni?*, pH = 7-0). On mixing, the original specific 
activity of the complex is decreased three-fold, whereas that of the water is decreased fifty-fold, 
so that exchange of tritium between complex and water occurs, measured by a decrease in the 
specific activity of the complex. At various times, an aliquot part (10 c.c.) of the mixed solution 
was withdrawn and added to an equal volume of a saturated solution of Reinecke’s salt at 0°. 
The precipitate was washed, dried, and assayed in a proportional counter. It was found that 
incorporation of graphite in the sample, by fine mixing, increased the stability of the count.® 


8’ King and McMillan, J. Amer. Chem. Soc., 1946, 68, 1774. 
* Dickey, Fickett, and Lucas, J. Amer. Chem. Soc., 1952, 74, 944. 
5 Banks, Crawhall, and Smyth, Biochem. J., 1956, 64, 411. 
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TABLE 1. Dissociation of [NiA]** to nickel ions. 

ane 103% 0k 
lo- pH Temp. (sec.~1) log K, pH Temp. (sec.~) log K, 
ere 1,2-Diaminoethane (en) ¢ trans-1,2-Diaminocyclohexane (trans-chx) 
ine 4-0 0-3° 6-6 7-92 6-8* 0-3° 0-13 8-228 
y;3 : ; 4:0 0-3 1-4 
mic Racemic 2,3-diaminobutane (rac-bn) 159 0-6 1-65 
ren 6-8? 0-3 0-16 8-307 15-9 10-8 
— 43° 0-3 1-23 17-5 13-3 
nol. 4-34 0-3 0-68 19-3 178 
ons 4:3 0-3 0-70 [Acid] 
the 2-2 0-3 0-72 1-03 0-6 2-3 

1-5 0-6 0-73 NN’-Di hvl Aiasied : 

[Acid] NN’-Dimethylethylenediamine (diMeen) 
low 0-35 0-6 0-81 4-0 0-3 1-7 7-87 ® 
1-1; 0-35 ¢ 0-6 0-79 1-5 0-6 1-9 
hyl- i oa te ZS NN-Dimethylethylenediamine 
20, 0-35 21-4 10-35 -y be aia “4 
_ 0-86 4 eo NN’-Diethylethylenediamine 
| 1-08 “02 4-0 0:3 10-3 7-42 6 
bed 1-58 0-6 1-27 100 

9.08 4 

- 2-08 0-6 1-43 32 13-9 
pe 3-154 0-6 1-75 35 145 
Ty). 0-25 0-7 1-33 $1 19-8 
ted. 0-25 / 0-7 1-27 63 19-8 
the 0-254 22-4 15-8 
istic 0-25 : 23-7 17:8 NN’-Di-n-propylethylenediamine 
the - = sate 4-0 0-3 >200 5-87 ¢ 
ning meso-2,3-Diaminobutane 1,3-Diaminopropane 
rclo- 4:8 0-3 5:8 7°37 7 4-8 0-3 8-8 7-00 ® 
n in 15 0-6 6-2 1-5 0-6 9-2 
[Acid] [Acid] 
1-0 0-6 9-9 1-03 0-6 9-6 
were 2-05 0-6 14-2 2-06 0-6 9-9 
with : ofc : 
were cts-1,2-Diaminocyclohexane 1,3-Diamino-2,2-dimethylpropane 
ink 3°6 0-3 5-6 7-60 8 4:8 0-3 51 7-22 ® 
a 1-5 0-6 5-2 
emic [Acid] 
was 1-03 0-6 59 
‘ime. * Ref. 4. *& From exchange results. * » = 20m, with added sodium nitrate. ¢ No added 
cible NaClO,. *¢ Followed at 600 my; all others at 900 mp. / » = 0-525, nitrate medium for comparison 
ation with other bn complexes, see following paper. % » = 1-0M, with added sodium perchlorate. 
com- 
. TABLE 2. Exchange results with [NiA}** at 0-3° + 0-1°. 
2-di- & 
. the Run [Complex] [Nickel] ty (exch) 10®R (exch) 
yclo- no. pH (mmole 1.-!) (mmole 1.-") (sec.) (sec.~? mole 1.-*) 
tead. Racemic 1,2-diamino- 1 6-8 80-0 120-0 2580(Ni) 12-9 
ickel butane 
acue trans-1,2-Diaminocyclo- 2 6-8 50-0 150-0 3960(Ni) 6-6 
° was hexane 3 6-8 75 22-5 744(H) 27-9 
ecific 2-Methylpyridylamine .4 5-0 100-0 300-0 9420(Ni) 5-5 
fold, 5 6-4 100-0 300-0 9480(Ni) 5-5 
the 6 6-1 20-0 60-0 23,400(Ni) 0-44 
ms 7 6-8 20-0 60-0 5280(H) 5-2 
ution 8 5-3 20-0 60-0 5460(H) 5-0 
at 0°. 
. that : 
yunt.§ * Basolo and Murmann, J. Amer. Chem. Soc., 1954, 76, 211. 





7 Basolo, Chen, and Murmann, J. Amer. Chem. Soc., 1954, 76, 956. 
8 (a) Bertsch, Fernelius, and Block, J. Phys. Chem., 1958, 62, 444; (b) Schwarzenbach and Baur, 
Helv. Chim. Acta, 1956, 39, 722. 


® Hares, Fernelius, and Douglas, J. Amer. Chem. Soc., 1956, 78, 1816. 
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Changes in activity of the precipitate from ca. 1500 to 125 counts/min. and first-order exchange 
plots were obtained by this method. A nitrate medium was used in the trans-1,2-diaminocyclo- 
hexane complex studies, since perchlorate slowly precipitated the pink tris-species at 0°. The 
results of all exchange studies are shown in Table 2. 


DISCUSSION 


It was first shown with [Ni(rac-bn)]?* and [Ni(¢rans-chx)}**,* the least labile of the 
aliphatic amine complexes examined, that the general features of the dissociation of 
[Ni(en)]?* were reproduced. Their overall dissociation rate constant (k) increased about 
ten-fold from pH 6-8 to 5-0, remained constant until about pH = 1-5, and then increased 
again, linearly with Cy+ (Table 1). When possible, a perchlorate medium was used in all 
experiments, since an accelerating effect of chloride and even nitrate ion was noted. The 
exchange of hydrogen between water and mono-(trans-1,2-diaminocyclohexane)nickel ion 
was examined at neutral pH (Table 2). The result enabled a value of k, to be estimated 4 
(1:73 x 10° sec.) and this compares well with that obtained from dissociation studies 
at pH = 3-6 (1-65 « 10% sec.) with the same concentration conditions. The experiment 
confirms the conclusions of the previous work with mono(ethylenediamine)nickel ion, viz., 
that exchange of hydrogen between water and the co-ordinated amine hydrogen is indirect 
and is a measure of the rate of detachment of one end of the bidentate ligand, this represent- 
ing the limiting rate in acid solution. Since the second acid dissociation constant of each 
aliphatic diamine examined is similar,*** the basicity of each intermediate (containing 
unidentate diamine) would be much the same, and thus in all cases the almost constant 
rate observed between pH 1-5 and 4-0 represents k,. These, and in certain cases their 
associated Arrhenius parameters, will be compared for the various diamine complexes; 
values for k in neutral solution are more difficult to‘measure and also represent a composite 
process involving ky, k_, and k, and are therefore more difficult to analyse. 

Rate and Stability Constants.—Little systematic investigation of a possible relation 
between kinetic and thermodynamic stability of co-ordination complexes has been 
attempted. Taft and Cook ™ recently examined the complexing of trifluorothenoylacetone 
with a variety of transition- and non-transition-metal ions and found no simple relation 
between the rate of formation and the stability constant of the mono-complex. However, 
for a closely related group of ligands complexing with a common metal ion, a relation 
might be expected, and examination of Table 1 shows that this is approximately so. The 
stability constants used in Table 1 are values in 0-5—1-0Mm-potassium nitrate at 0°. As far 
as possible, they are taken from comparative studies. The general decelerating effect 
of methyl substitution is small even when it is on nitrogen adjacent to the site of the 
reaction. The simple six-membered ring involving 1,3-diaminopropane is less stable than 
the five-membered ring involving ethylenediamine,” and this is accompanied by a larger 
rate constant for dissociation (k,) for the former. Substitution of gem-dimethyl groups 
on the central carbon atom of 1,3-diaminopropane enhances the thermodynamic ® and 
kinetic stability of the nickel complex relative to that of the unsubstituted diamine. 
Because of a less strained geometrical arrangement, the complexes of trans-1,2-diamino- 
cyclohexane and racemic 2,3-diaminobutane are more stable than those of the corre- 
sponding geometrical isomer *-8 (cis- and meso-forms respectively) and it is found that their 
value for k, is decidedly lower. Finally, the parallelism is shown quite well when 
NN’-disubstituted amine complexes are considered. The thermodynamic stability 
sequence for the mono-complexes of nickel is® ethylenediamine ~ NN’-dimethylethyl- 
enediamine > NN’-diethylethylenediamine > NN’-di-n-propylethylenediamine, and the 


* For abbreviation of ligand names, see Tables. 


10 “ Stability Constants, Part I, Organic Ligands,’’ The Chemical Society, London, 1957. 
“" Taft and Cook, J. Amer. Chem Soc.. 1959, 81, 46. 
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corresponding kinetic one is ethylenediamine < NN’-dimethylethylenediamine > NN’-di- 
ethylethylenediamine > NN’-di-n-propylethylenediamine. The mono-nickel complex of 
NN-dimethylethylenediamine dissociates more rapidly than that of the symmetrical isomeric 
ligand, in agreement with its expected reduced stability.12 It does then appear generally 
true that in a series the less stable compound dissociates more rapidly, this having been 
already noted with the proton complexes of bases, over a very much wider range of 
hydrolysis rate constants.'* Unless the differences observed are fairly large, however, the 
relation should not be stressed since [Ni(en)]** and [Ni(diEten) ]** show a reversal of relative 
rates of dissociation at 0° and 25°. The difference in the rates of dissociation of complexes 
of the isomers of butylenediamine can be made the basis of a method for their separation 
in a mixture. There is a peculiar difference which we do not understand between the 
five- and six-membered rings in their dissociative behaviour towards excess of acid 
(Table 1). The limiting rate of dissociation of 1,3-diaminopropane and 1,3-diamino-2,3-di- 
methylpropane complexes is only slightly enhanced by 2-0m-acid, whereas a more than 
two-fold acceleration is noticed with the others examined. In the strongly acid region 
k=k, + k,"(H*]; for ethylenediamine k, = 0-0063, k,™ = 0-0043 sec.1, while for 1,3-di- 
aminopropane, k, = 0-0093 and k,!' = 0-0003 sec. at 0-6°. 

Arrhenius and Thermodynamic Parameters.—Since the transition state for the dissoci- 
ation process resembles the reaction products, it might be expected that there would also 
be a relation between the energy or entropy of activation and reaction. Unfortunately, 
there is much less information on enthalpies and entropies than on free energies of reactions, 
and even then it is much less reliable. The Arrhenius parameters, A and E in k = 
A exp (—E/RT), appear in Table 3 for several complexes, the choice being dictated by ease 


TABLE 3. Arrhenius parameters for acid dissociation of [NiA]** in perchlorate medium. 
Eu. Bact. 
(kcal. log A (kcal. log A 
Species A mole) _(sec.~) Species A mole!) (sec.=*) 
Ethylenediamine 20-5 14-2 Racemic 2,3-diaminobutane ... 19-4 12-4 
NN’-Diethylethylenediamine 17-1 11-8 trans-1,2-Diaminocyclohexane 19-5 12-9 


of measurement and their possible value. The estimated errors in the E and log A terms 
are about +0-5 unit. In every case, substitution on carbon or nitrogen decreased E and 
A terms. This behaviour is duplicated by bis- and tris-racemic 2,3-diaminobutane and 
ethylenediamine complexes (see following paper). The values for AH° and AS° for the 
dissociation of bis-(NN’-diethylethylenediamine)nickel(11) ion are 7-8 kcal./mole and 
—27 e.u. and these differ significantly from the values for the corresponding ethylenedi- 
amine compounds (16-3, —7 respectively).6 Data for the monosubstituted compound are 
lacking, but must bear the same relative relation. It is interesting then that, kinetically, 
the dissociation of [Ni(diEten)]** has markedly lower values for E,. and AS? when 
compared with [Ni(en)]**. The dissociations of [Ni(trans-chx)]** and [Ni(tetraMeen),]?* 
have also significantly lower entropies of reaction 7-** and activation» than that of the 
corresponding ethylenediamine complex. 

The Dissociation of Mono-(2-methylpyridylamine)nickel Ion.—We were interested in 
applying the hydrogen-exchange approach to the complex of an unsymmetrical ligand, to 
determine the relative tendencies of the ends of the ligand towards dissociation from the 
metal. The dissociation of the nickel mono-complex with NN-dimethylethylenediamine 
is fast, and accurate exchange studies would be very difficult. For this reason we selected 
2-methylpyridylamine as the ligand, in which there is a primary aliphatic amine and a 
tertiary nitrogen atom present in a heterocyclic nucleus and thus might be expected to 

Irving and Griffiths, J., 1954, 213. 
Bell, Quart. Rev., 1959, 18, 169. 


Ahmed, Ph.D. Thesis, Sheffield, 1960. 
* Ahmed and Wilkins, Proc. Chem. Soc., 1959, 399. 
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form a more stable complex. In addition, this compound has some of the characteristics 
of the mono(ethylenediamine)nickel and mono(dipyridyl)nickel ions, both studied 
previously.*1® The sequence of formation constants for the nickel-2-methylpyridylamine 
system resembles that of the ethylenediamine complexes.!” The rate of dissociation of the 
species depends on pH in a complicated manner, but some conclusions about the rate of 
the (C;H;N)CH,*NH,-Ni bond rupture can be made from the exchange data in Table 2. 
The dissociation of the ligand, from “Ni?* exchange, is independent of pH from 5-0 to 6-4 
and, as might be expected, the neutral exchange rate constant (k), 2-2 x 10° sec.+, is 
intermediate between those of ethylenediamine (1-4 x 10 sec.) and dipyridyl (1-5 x 10% 
sec.) at 03°. The exchange of hydrogen between the complex and water is also 
independent of pH between 5-3 and 6:8, and it is unlikely then that any direct exchange 
path operates, but probable that only on rupture of the metal-aliphatic amine bond does 
exchange occur. We are thus able to place limits on the rate constant for this process 
(k,) for if, in the complete dissociation process, the metal—tertiary nitrogen bond is always 
severed in the second stage, then RH... = 2k,[complex] and, in the other extreme, if the 
metal bond with the tertiary nitrogen atom is always broken before that with the primary 
amine in complete dissociation, then this rupture will also contribute a path to hydrogen 
exchange and Ri... = 2k,[complex] + 2RNi,,. From the relative values of RH. and 
Ni, (Table 2) it is apparent that at least 85% of the acts involving complete dissociation 
follow Ni-NH, bond rupture as the first step, and that 13 x 104 > k, > 1-1 x 10sec. 
at 0-3°. We are not able from these experiments to dismiss the possibility of rapid 
dissociation and association of the tertiary nitrogen—metal bond but can assert that only 
rarely (if at all) does such dissociation lead to further, complete, dissociation of the ligand. 
Since we should expect the aromatic nitrogen in the chelate to be more strongly bound 
(kinetically) than an aliphatic nitrogen (for, after all, dipyridyl complexes are less labile 
than those of ethylenediamine), it is very likely, that &, has the highest possible value. 
This is about 50 times less than that for the corresponding process for ethylenediamine and 
may arise from the following: the aromatic nitrogen atom may participate in double- 
bonded structures with the metal, and this x-bonding results in drainage of electrons 
from the metal, which enhances the stability of the Ni-NH, bond. Alternatively, the 
pyridine ring may offer steric hindrance to the rupture of the aliphatic amine-nickel bond. 
We hope to examine more complicated complexes of nickel with ter- and quadri-dentate 
ligands, using methods of investigation which we have developed in this and the previous 
paper. 
We thank Imperial Chemical Industries Limited and the Geigy Chemical Company for gifts 
of amines, Mr. R. Hogg for experimental assistance, and the Pakistan Government for a 


maintenance grant. We are indebted to the Microbiology Department of this University for 
gas-flow proportional counting facilities. 


THE UNIVERSITY, SHEFFIELD. (Received, January 28th, 1960.) 


16 Ellis, Hogg, and Wilkins, J., 1959, 3308. 
17 Goldberg and Fernelius, J. Phys. Chem., 1959, 68, 1246. 
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585. Factors influencing the Rates of Dissociation of Metal Complexes. 
Part III... The Dissociation of Bis(ethylenediamine)- and Tris- 
(ethylenediamine)-nickel Complexes and of the Racemic 2,3-Diamino- 
butane Analogues. 


By A. K. SHAMSUDDIN AHMED and R. G. WILKINS. 


The kinetics of dissociation of [NiA,(H,O),]** and [NiA,]** (A = ethylene- 
diamine or racemic 2,3-diaminobutane) in aqueous acid have been investigated 
by the stopped-flow method. The results, with those for [NiA(H,O),]** 
obtained previously, show that differences in dissociation rates for the tris-, 
bis-, and mono-species (which reside in the energy of activation values) 
account largely for differences in formation constants for the three species. 
It appears, from the limited data available, with other nickel complex 
systems also, that the formation rate constants for successive species are very 
similar. A blue and a yellow form of bis-(racemic 2,3-diaminobutane)- 
nickel(11) ion in solution are discussed. 


WE have previously measured the rates of dissociation of mono(ethylenediamine)nickel 
ion and related complexes.' The rates with the higher nickel complexes of aliphatic 
diamines are known to be much faster®* and their measurement in aqueous solution 
requires special methods. We now describe the determination of the rates of dissociation, 
in excess of acid, of tris(ethylenediamine)- and bis(ethylenediamine)-nickel ions: 


[Ni(en),]2* + 2H,O* —» [Ni(en),(H,O),]2* + (en)H,2* 
[Ni(en),(H,0).]** + 2H,O* —» [Ni(en)(H,O),]?* + (en)H,?* 


We have examined also the complexes of racemic 2,3-diaminobutane (‘‘ butylenediamine,”’ 
abbreviated bn), since their rates are slower, and can be measured more accurately. The 
stopped-flow apparatus ® was used, in which acid and complex ion were rapidly mixed, 
the flow of the mixed solution suddenly arrested, and the optical density of the reacting 
solution recorded on an oscilloscope. The molar absorption coefficients of the complex 
ions are relatively small in the visible region (see Fig. 1) and their concentration must 
exceed about 0-01m to provide reasonable optical density changes during reaction. For 
this reason, the rate of dissociation in acid concentrations less than 10-@m cannot be followed 
spectrally, and only bis(butylenediamine)nickel(11), of the ions investigated, dissociates 
slowly enough at 0° for the rate to be followed at higher pH values by measuring the 
consumption of acid added to maintain a constant pH. We were not able therefore to 
study the detailed mechanism of dissociation of these ions (unlike the mono-series) although 
some semiquantitative observations were possible. 


EXPERIMENTAL 


Stopped-flow Method.—Gibson’s apparatus 5 was used. Amines were redistilled before use 
and all solutions were thoroughly degassed, otherwise gas bubbles which developed interfered 
with the spectral observations. Equal amounts of the complex solution (0-05m-nickel ion, 
0-15—0-18m-amine) and acid (0-4—2-0m) were contained in two separate 2 c.c. syringes and 
delivered rapidly to a mixing chamber and thence to an observation tube (20 mm. light path) 
which was fitted with a device for arresting the flow of liquid within about one millisecond. 
Both mixing and observation chambers could be controlled by thermostat to +0-1°. At the 
point of stopped-flow, the reaction proceeded to completion. As the optical density of the 

? Ahmed and Wilkins, Part I, J., 1959, 3700; Part II, preceding paper. 

2 Wilkins, J., 1957, 4521. 


8 Bjerrum, Poulsen, and Poulsen, ‘‘ Proceedings of the Symposium on Co-ordination Chemistry,” 
Danish Chemical Society, 1954, p. 51. 

4 See, e.g., Roughton and Chance in “ Investigation of Rates and Mechanisms of Reactions,’’ ed. 
Friess and Weissberger, Interscience Publ. Inc., New York, Chapter 10. 

5 Gibson, Discuss. Faraday Soc., 1954, 17, 137. 
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solution changed, the intensity of light (provided by a monochromator, 390—650 my range) 
transmitted through the observation chamber changed. This caused proportional changes 


Fic.1. Spectra of nickel(11)—(racemic Fic. 2. Typical oscilloscope traces and 
2,3-diaminobutane) complexes be- accompanying first-order curves. 
tween 400 and 600 mp. P 
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in current in a linked photomultiplier and these were fed into an oscilloscope, and the trace was 
photographed. The completion of the reaction was,shown on a pen recorder, used in con- 
junction with the oscilloscope. Half-lives exceeding about 1 sec. could be estimated with 


TABLE 1. Dissociation of [NiA,]** ions in acid. 


Run  Dissociating Acid k Run _Dissociating Acid 

no. species Temp. (m) * (sec.-') no. species Temp. (m) * (sec.“) 
1 [Ni(en),]?* 75° 2 141 144 [Ni(en)]?+ 22-4° 0:10 0-109 
3 78 0-2 12-6 14A4 21-8 1-00 0-173 
4 21-8 02 61-4 17 [Ni(bn),)?! 78 0-225 1-76 
5 21:8 0-2 64-2 18 7:8 0-225 1-85 
6 21-8 0-2 63-0 19 18-4 0-225 4-71 
7* 21-8 0-2 60-8 20 18-4 0-225 4-71 
8¢ 21-8 0-2 66-7 21 [Ni(bn) ]** 0-9 0-175 0-0257 

15 27:1 0-2 82-5 18° 78 0-175 0-0477 

ll 21-8 1-0 54-2 19% 18-4 0-175 0-147 

12 21:8 1-0 55-5 20% 18-4 0-175 0-132 
2° —[Ni(en),]** 7-6 0-15 0-66 22¢ 0-6 0-074 0-020 
3 7-8 0-15 0:67 23/ 0-6 0-071 0-022 
7e 21-8 0-15 3-94 24/ 0-6 0-074 0-021 
8¢ 21:8 0-15 3-69 254 0-6 0-74 0-025 
ge 21-8 0-15 3-61 26/ 0-6 1-56 0-031 

10¢ 21-8 0-15 3-98 27 0:6 10-* 0-024 

ll 21-8 1-0 4-28 

12 21-8 1-0 4-44 

13¢ 21-8 0-15 3-43 

144 21-8 0-15 3-33 

16° 27-1 0-15 6-24 


* Acidity at commencement. 
* Slower oscilloscope time base to record better bis ——y mono change (less accurate for tris 
— > bis). ° Using pen recorder. * Commencing solution containing mainly [Ni(en),]**. 


All observations at 520 mp except: ¢ Observation wavelength 570 mp. ¢ Observation wavelength 
560 mp. / Observation wavelength 445 my. 


reasonable accuracy from the pen-recorded trace. Typical oscilloscope traces are reproduced 
in Fig. 2 (curves A and B) which also show the base line drawn in at the completion of the 
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reaction. The height of the curve above this line is a measure of (I, — I,), allowance being 
made for a small residual optical density of nickel ion produced by the reaction. A quantity 
oI, can be superimposed on the oscilloscope trace. The ascending curve on the extreme left 
represents the increase of optical density as spent solution is replaced by reacting solution in 
the period between flow starting and stopping. Curve B was obtained with a slow oscilloscope 
time basis (1-5 sec.) and shows clearly the two dissociative steps involving tris- and bis-species 
and the tailing off due to the final change from mono-species. Since the associated rate con- 
stants differ appreciably, analysis of the first two portions of the curve is straightforward, and 
yields linear semilogarithmic plots (C and D; full circles). The extent of reaction is obtained 
from the optical density (=log J,/I,). When a faster time basis was used (0-15 sec.), curve A 
was obtained, showing only the dissociation of the tris-complex, from which an accurate rate 
constant was obtained (curve D, open circles). The optical density of each species, estimated 
from these rate curves, agreed well with the known value. In the experiments in 0-2m- 
perchloric or 0-225M-nitric acid an appreciable amount of acid was consumed by the liberated 
amine, but the rate varies only very slightly with pH in this region, as shown also by the 
linearity of the first-order plots. 

The results are shown in Table 1. Runs 1—20 were obtained with the stopped-flow 
apparatus, and the remainder (except 27) by normal spectrophotometry.! An ionic strength 
of 1-0m, with added sodium perchlorate, was used in runs 1—16 and 23—25, and an ionic 
strength of 0-5M, with added sodium nitrate, in runs 17—21 and 27. In runs 22 and 26 no salts 
were added, only perchlorate anion being present. 

Additional experiments on [Ni(en)]?* using a pen recorder (runs 14 and 14A) were included 
to increase the temperature range previously studied.! In run 27 using a pH-stat, the equili- 
brium consumption of acid’was calculated on the basis of the loss of one of the two amines of 
Ni(bn),]?*. The dissociation of [Ni(bn)]** is negligible in the early stages of the bis-dissociation 
and this early portion was used in the estimation of the first-order rate constant. For the 
determination of Arrhenius parameters the following were used: runs 1 and 3—6, [Ni(en),]; 
runs 2, 3, 7—10, 16, [Ni(en),]; runs 17—21 for the butylenediamine complexes. 


DISCUSSION 


Two Forms of Bis(diamine)nickel Complexes.—It has been known for some time that 
yellow and blue forms of bis(diamine)nickel complexes, often interconvertible, can exist 
both in the solid state and in solution. The blue form is considered to be an octahedral 
complex, containing the two bidentate groups and two other groups which may be cis or 
trans to one another and which in the common case will be two water molecules. The 
yellow form has essentially a four-covalent planar structure. It was necessary to examine 
our complexes for such forms as a precursor to our kinetic studies. The spectrum of a 
mixture of nickel ions and butylenediamine (1 : 2, and therefore mainly bis) between 400 
and 600 my is shown in Fig. 1 (curve B). The yellow and blue bands at 442 my and 
564 mu, respectively, are apparent. The intensity of the former increases with increase 
in temperature and almost two-fold in 1m-sodium perchlorate (curve C), while the other 
decreases slightly. Above 1-5m-sodium perchlorate, a yellow solid, [Ni(bn),](CIO,), is 
precipitated. The spectral behaviour resembles closely that reported by Jérgensen ’? for 
[Ni(trien)](NO,), (trien = triethylenetetramine) and, after this work was completed, by 
Sone and Kato® for bis(ethylenediamine)- and bis(propylenediamine)-nickel ions. The 
yellow band is, however, more marked with the butylenediamine complex, perhaps not 
surprisingly since with complete C-methylation of en, in [Ni(tetraMeen),]**, only a yellow 
form exists in solid or solution.® It can be estimated from the change in optical density 
at 564 my with curves B and C that about 5% of bis-species is present in the solution 
without added perchlorate. A similar rate of dissociation of [Ni(bn),|** is obtained from 
observations at 445 my and 560 my (runs 22—24) and extrapolation of each first-order 


° For literature and discussion on ligand-field basis see Ballhausen and Liehr, J. Amer. Chem. Soc., 
1959, 81, 538. 

7 Jérgensen, Acta Chem. Scand., 1957, 11, 399. 

® Sone and Kato, Z. anorg. Chem., 1959, 301, 277. 

® Basolo, Chen, and Murmann, J. Amer. Chem. Soc., 1954, 76, 956. 
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plot to zero time gives the expected optical density. This proves that both bands arise 
from a bis-species. A simple experiment shows that the cis-trans-isomerisation involving 
the bis-species must be labile and intramolecular. If acid is added to violet [Ni(bn)3](NO,), 
in solution at 0° and within 5—10 sec., when the tris- has been converted to the “ blue” 
bis-complex, Im-sodium perchlorate at 0° is added, a yellow solution is formed without 
noticeable delay. Removal of one ligand from the tris- must leave the bis-complex in a 
cis-form, and since the yellow form is trans, the rearrangement must be rapid. It cannot 
operate via dissociation of the bis-species because this is much slower. The relevant 
portion of the spectra of the other butylenediamine complexes, which resemble closely 
those of ethylenediamine, are shown in Fig. 1. Possible complications due to the two 
forms of bis-complexes and consideration of spectral changes demanded a wavelength of 
520 my for following the tris —» bis —» mono change for both complexes. The dissoci- 
ation of [Ni(en),]** was also studied at 570 mu, the approximate isosbestic point for the 
tris- and bis-species. The results agreed with that at 520 my, and confirmed our assignment 
of species changes to the dissociation traces, but were not sufficiently accurate for use in 
determining Arrhenius parameters. At 570 my, [Ni(en)]** absorbs sufficiently for its 
dissociation to nickel ions (subsequent to bis-dissociation) to be studied, and the rate 
agrees well with that expected from our measurements with a simpler apparatus.! 
Dissociation Data.—The results, together with those for the mono-species,! are collected 
in Table 2. Perchloric acid was used to dissociate the ethylenediamine complexes to avoid 
possible anionic acceleration effects, but because of solubility difficulties it was necessary to 
use nitric acid for the higher butylenediamine species. Previously! it had been shown that 
there is an increase in the rate of dissociation of [Ni(rac-bn)]** in nitric acid compared 
with perchloric acid, and, for the latter the Arrhenius parameters are 19-4 kcal./mole 
and log A = 12-4 (sec.'). Thus the results for the ethylenediamine and butylenediamine 


TABLE 2. Kinetic data, ky = A exp (—E/RT), for first-order dissociation of nickel- 
diamine complexes in 0-2M-acid at 25°. 


d E log A ha 2 log A 
Species (sec.-) (kcal. mole) (sec.-1) Species (sec.-!) (kcal. mole) (sec.-1) 
[Ni(en),] 86-6 1I80+12 152408 [Ni(bn),] 8-25 146403 11-64 0-4 
[Ni(en).] 5-2 19-8 + 1-0 15-3 + 0-6 [Ni(bn).] 0-257 16-1 + 0-3 11-2 + 03 
fNifen)}) 0145 205406 1434 05 [Ni(bn)} 0-020 184402 11-8402 


complexes can be compared despite the difference in anion medium. The agreement 
with measurements in methanol ® is as good as can be expected.’ As far as was possible 
it was shown that bis(butylenediamine)nickel ion behaved like mono(ethylenediamine)- 
nickel ion. The rate constant does not vary between pH = 4 and 1 (runs 23, 24, and 27). 
In the mono-series (and presumably here also) this value refers to the rate of first bond 
rupture. The rate then increases in higher acid concentration (runs 9—12, 23—26). The 
detailed mechanism for the dissociation of the tris- probably also resembles that of the 
mono-complex: the rate of dissociation of [Ni(en)]** in dilute acid is about 20 times faster 
than in neutral solution; the factor for [Ni(en),]** ion is about 30, as indicated by con- 
sidering some earlier exchange data. There is some evidence that after the “ limiting ” 
rate of dissociation, further acid has no (or even a slight decelerating) effect with [Ni(en),]** 
(runs 7, 8, 11, and 12). 

The slower rate of the butylenediamine complex compared with its ethylenediamine 
analogue arises from a much lower A (and AS*) value, partly offset by a lower energy of 
activation, an effect observed with other C- and N-alkylethylenediamine complexes.! 
The lower entropy of activation for the substituted amine complex can be ascribed to a 
relatively higher solvation of the transition state than of the reactant, an explanation 
which resembles that used to account for large differences in the entropy of reaction of 


10 Ahmed and Wilkins, Proc. Chem. Soc., 1959, 399. 
12 Popplewell and Wilkins, J., 1955, 4098. 
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nickel ion with ethylenediamine and with NWN’-diethylethylenediamine.+! Professor 
R. G. Pearson has pointed out to us that there is a good analogy between the entropies 
of activation for the dissociation of the ethylenediamine and the alkyl-substituted ethyl- 
enediamine complexes and the entropy changes }* for the hydrolysis of ammonium ions 
(~0 e.u.) and trimethylammonium ions (—15 e.u.). The differences in rates of the three 
species, especially with the more accurate butylenediamine series, is a result solely of 
activation-energy differences. Combination of the rate constants for dissociation with 
the formation constants,® gives for the formation rate constants at 25° for the ethylene- 
diamine complexes, 10°*k; = 6 (mono), 16 (bis), and 9 (tris) 1. mole sec.1. The changes 
in the successive stability constants (K) thus arise largely from different dissociation rate 
constants (ka), while the formation rate constants remain approximately constant. This 
behaviour is observed with other nickel systems. Table 3 shows that, for all nickel 
systems so far examined kinetically, A log ky ~ A log K for pairs of species in a series of 
complexes. It is perhaps understandable that, in the association process, the rate at 
which a ligand will replace water in the metal aqua or complex species will not depend 
seriously on the fact that ligand(s) may be already present, apart from a statistical effect 
which will tend to slow down successive steps. However, the effect of ligands already 
present might be expected to be more important on the dissociation rate. For in the 
simple case of the tris-ethylenediamine complexes, a ligand breaks away from the influence 
of trans-nitrogen atoms but in the mono-form from ftrans-oxygen atoms of water. 
Although it is not certain yet how the “ trans-effect ’’ operates kinetically, or indeed 
whether it is important for complexes of nickel, it is tempting to correlate the decreased 
rate of the mono- with a weaker ¢rans-labilising effect of water compared with ethylene- 
diamine in the tris-complex. Other effects must of course be present, as is seen for 
example, in the nickel phenanthroline series, although here too the formation rate constant 


TABLE 3. Thermodynamic and kinetic data for the dissociation of nickel complexes 


at 20—25°. 
log ka log ka 

Species (sec.“) log K Species (sec.“) log K 
NES TORR era 1:95 6:0 [Ni(glycine),]® .........s.sssseeeees 1:32 4-8¢ 
ifen)e}®* ....ccecceeee nie 0-72 6-5 2. ERR RESTS RESE, —0-27% 5-8¢ 
{Ni(en)]** .... ... —0-84 7-64 [Ni(2-methylpyridylamine),]** “~—1-5¢ 5-1¢ 
{Ni(bn),]** .... 0-92 4:36 [Ni(2- —_ . —3-6¢4 7-2¢ 
[Ni(bn),}** —0-59 6-54 [Ni(phen),]** .... . -&1lS 7-69 
[Ni(bn) ]?* — 1-69 7-74 [Ni(phen),]** .... —4:74/5 819 





[Ni(glycine),]~ 236% 3-6¢ [Ni(phen) |?* Pit 00S 86¢ 
* See ref. 9. % See ref. 10. ¢ Flood and Lords, Tidskr. Kjemi Berg., 1945, 5 ¢ Unpubitshed 


exchange results, and ref. 1. * Goldberg and Fernelius, J. Phys. Chem., 1959, 83, 6. See refs. 
17 and 18. % See ref. 14. 


values are very close to one another. Moreover, it is known that in going from 
[Fe(phen),]** to [Fe(phen),|** we have drastic changes in bond character, as judged by 
magnetic measurements on Fe(phen),Cl,,6H,O and Fe(phen),Cl,,% leading to much 
greater kinetic stability for the tris-species.* This change in the nature of the metal— 
ligand bond may account for tris(phenanthroline)nickel ions being more stable relative 
to the mono- "’ than is the case with the diamines and glycine complexes, even although 
the effect does not show in magnetic changes. It is significant that the same situation 
applies to the nickel-dipyridyl and cobalt(11)-phenanthroline systems, since the mono-, 
in each case, is only slightly more stable kinetically than the tris-complex.'8 This should 
mean that comparable stepwise stability constants will obtain with these systems, and 
12 Basolo and Murmann, J. Amer. Chem. Soc., 1954, 76, 211. 
13 Everett and Wynne- - Jones’ Proc. Roy. Soc., 1941, 177, A, 499. 
Margerum, Bystroff, and Banks, J. Amer. Chem. Soc.. 1956, 78, 4211. 
48 Basolo and Dwyer, J. Amer. Chem. Soc., 1954, 76, 1454. 


® Lee, Kolthoff, and Leussing, J. Amer. Chem. Soc., 1948, 70, 3596. 
1? Wilkins and Williams, J., 1957, 4514. 


#8 Ellis and Wilkins, J., 1959, 299; Ellis, Ph.D. Thesis, Sheffield, 1958. 
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this is observed experimentally.” It matters little whether the rates in acid or neutral 
solution are compared, since often there is either a small effect of acidity or larger similar 
effects for each species (see above). It is relevant that Bjerrum and his co-workers % 
estimated that the formation rate constants in the reactions: 


[Cr(H,O),]** + SCN- == [Cr(H,0),SCN]?* + H,O 
and [Cr(H,0)(SCN),]*- + SCN- == [Cr(SCN),]*- + H,0 
were similar and that different aquation (dissociation) rate constants accounted for the 


higher stability of the mono(thiocyanato)chromium(It) ion. Only more data for other 
complexes of nickel, and of other metals, will show how general is this phenomenon. 


We thank Professor Q. H. Gibson for carrying out the experiments with his stopped-flow 
apparatus, and the Pakistan Government for a maintenance grant. 
THe UNIVERSITY, SHEFFIELD. [Received, January 28th, 1960.} 


19 Irving, Chem. Soc. Spec. Publ., 1959, No. 13, 13. 
20 Poulsen, Bjerrum, and Poulsen, Acta Chem. Scand., 1954, 8, 921. 





586. Some Derivatives of S-Carboxyalkyl-cysteines and 
-homocysteines. 


By P. Mamatis, D. McHALE, and J. GREEN. 


The preparation of amides and hydrazides from some sulphur-containing 
amino-acids and their sulphones is described. Reduction of the amides by 
lithium aluminium hydride gave both hydroxy-amines and hydroxy-amides. 


Tue use of S-ethylcysteine as a tuberculostatic agent im vivo has been claimed by an 
American group of workers.! Certain labile S-ethyl derivatives such as thiol esters have 
also been shown to possess this activity.2 Although, in the main, derivatives of simple 
sulphur-containing amino-acids do not exhibit significant bacteriostatic activity,® it has 
been claimed that S-carboxymethyl-L-cysteine (I; R = H, R’ = R” = OH) shows some 
activity against encephalitis-type viruses, while the hydrazide> and substituted 
hydrazides * from methionine are bacteriostatic. Some derivatives of S-carboxyalkyl- 
cysteines and -homocysteines have therefore been prepared for microbiological examination. 


(I) R“CO*CH(NHR)*CHy*S*CHyCO"R” = R’“*CO*CH(NHR)*CH4SO4°CHy°CO'R’ (II) 


S-Carboxymethyl-1-cysteine 7 was converted into the N-benzyloxycarbonyl derivative 
(I; R= CH,Ph-O-CO, R’ = R” = OH). Methylation with diazomethane afforded an 
oily dimethyl ester which was treated with ethanolic ammonia and with hydrazine hydrate 
to give the diamide (I; R = CH,Ph:O-CO, R’ = R” = NH,) and the dihydrazide (I; 
R = CH,Ph:0-CO, R’ = R” = NH-NH,) respectively. The same diamide was obtained 
when the dihydrazide was converted into the diazide and caused to react with ethanolic 
ammonia. After treatment with hydrogen bromide in acetic acid, the N-benzyloxy- 
carbonyl-diamide was converted into the dihydrobromide of S-carbamoylmethyl-L- 
cysteine amide (I; R = H, R’ = R” = NH,). 


1 Solotorovsky, Winsten, Ironson, Brown, and Becker, Amer. Rev. Tuberculosis, 1954, 70, 806; 
Brown, Matzuk, Becker, Conbere, Constanten, Solotorovsky, Winsten, Ironson, and Quastel, J. Amer. 
Chem. Soc., 1954, 76, 3860. 

2 Kushner, Dalalian, Bach, Centola, Sanjurio, and Williams, J. Amer. Chem. Soc., 1955, '77, 1152. 

8 Karrer and Aman, Helv. Chim. Acta, 1950, 38, 302; Youmans, Doub, and Youmans, Chem. Biol. 
Coordination Centre Review No. 4, p. 249, Nat. Res. Council, Washington, D.C., 1953. 

4 Foye and Vederame, J. Amer. Pharm. Assoc., 1957, 48, 273. 

5 Harii, J. Pharm. Soc. Japan, 1956, 76, 1319. 

* Winterstein, Hegediis, Fust, Béhni, and Studer, Helv. Chim. Acta, 1956, 39, 229. 

7 Du Vigneaud, Audrieth, and Loring, J. Amer. Chem. Soc., 1930, 52, 4500. 
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The benzoyl dihydrazide (I; R = Bz, R’ = R” = NH-NH,) was similarly prepared 
and converted into the diazide which with aniline afforded two products, only one of 
which was the expected dianilide (I; R = Bz, R’ = R’ = NHPh): a second product 
gave analyses for C,,H,,O,N,S, which is not consistent with a half-amide structure such 
as (I; R = Bz, R’ = NH,, R” = NHPh) that might have arisen by replacement of an 
azide group by an amide as has been observed by some workers.§ The related sulphone 
(II; R = Bz, R’ = OH) underwent a similar series of reactions to give the dihydrazide 
(II; R = Bz, R’ = NH-NH,). 


(IIT) R/*CO*CH(NHR)*CHy*S*CHy*CHy*CO*R” = R/*CO*CH(NHR)*CH,*SO4°CH,CH,"CO'R’ (IV) 


S-2-Carboxyethyl-1-cysteine (III; R—H, R’ = R” = OH) formed a crystalline 
N-benzyloxycarbonyl derivative from which was obtained the sulphone (IV; R= 
CH,Ph-O-CO, R’ = OH) and the amide (III; R= CH,Ph-O-CO, R’ = R” = NH,). 
N-Benzoyl-S-2-carboxyethyl-L-cysteine (III; R = Bz, R’ = R” = OH) gave a crystalline 
dimethyl ester which furnished the dihydrazide with hydrazine hydrate, but with ethanolic 
ammonia gave only a half amide (III; R = Bz, R’ = OMe, R” = NH, or its isomer). 
The diamide (III; R = Bz, R’ = R” = NH,) was, however, readily obtained from the 
diazide. The acid sulphone (IV; R = H, R’ = OH) was prepared by acid hydrolysis of 
its N-benzoyl derivative: a dihydrazide was also obtained from the latter compound. 


R’*CO*CH(NHR)*CH,"S*CHMeCO'R” = (V) 


Karrer and Aman ® described the reaction of L-cysteine with L(—)-«-bromopropionic 
and with DL-«-iodopropionic acid in the presence of aqueous barium hydroxide to give 
S-(L-1-carboxyethyl)-L-cysteine (V; R =H, R’ = R” = OH) and the diastereoisomeric 
mixture with the S-(pDL-l-carboxyethyl) group, respectively, which had m. p. 178-—179° 
and 169—171°. We have treated L-cysteine with DL-«-chloropropionic acid in liquid 
ammonia and obtained the above diastereoisomeric mixture with m. p. 183°. Benzoylation 
and esterification of the mixture gave an oily dimethyl ester which on treatment with 
hydrazine hydrate gave two crystalline dihydrazides (V; R = Bz, R’ = R” = NH:NH,). 
The first, m. p. 197—199°, was arbitrarily termed the «-, and the second, m. p. 157—159°, 
the 8-dihydrazide. When the dimethyl ester was set aside with ethanolic ammonia, only 
one diamide (V; R= Bz, R’ = R” = NH,), m. p. 258—259°, could be isolated in 
crystalline form and was shown to be of the «-series since it was also obtained from the 
a-dihydrazide. The $-diamide, m. p. 219—220°, was obtained from the @-dihydrazide. 
N-Benzyloxycarbonyl-S-l-carboxyethyl-L-cysteine (V; R = CH,Ph-O-CO, R’ = R” = 
OH) was usually obtained as a solid, m. p. 104—106°, although in one experiment a product 
with m. p. 140° was isolated which gave correct analytical figures. The lower-melting 
product was probably a mixture and afforded an oily dimethyl ester from which only one 
pure dihydrazide could be obtained. Treatment of the oily ester with aqueous ammonia 
gave a half amide in poor yield (V; R = CH,Ph:O-CO, R’ = OMe, R” = NH,, or its 
isomer), a reaction paralleled in the S-2-carboxyethyl-L-cysteine series. 

CO,H*CH(NH,)*CHy*CHy"S*[CH,]n"CO,H (VI) 

When pL-methionine in liquid ammonia was treated with sodium, followed by 6-chloro- 
propionic acid, S-2-carboxyethyl-DL-homocysteine (VI; = 2) was obtained. Armstrong 
and Lewis® reported that it was preferable to use S-benzyl-pL-homocysteine in this 
synthesis: we encountered no particular difficulty using Di-methionine. The same 
product was also conveniently prepared by heating pL-methionine and §-chloropropionic 
acid in hydrochloric acid.*?® From this starting material N-benzoyl-S-2-hydrazino- 
carbonylethyl-pL-homocysteine hydrazide and the corresponding diamide were prepared 


8 Hegediis, Helv. Chim. Acta, 1948, 31, 737; Roberts, J. Amer. Chem. Soc., 1954, 76, 6203; Roeske, 
Stewart, Stedman, and Du Vigneaud, J. Amer. Chem. Soc., 1956, 78, 5883; MacLaren, Savige, and 
Swan, Austral. J]. Chem., 1958, 2, 1345. 

* Armstrong and Lewis, J. Org. Chem., 1951, 16, 749. 

© Dekker and Fruton, J. Biol. Chem., 1948, 178, 471. 
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in the usual way. A corresponding series of derivatives was prepared from S-carboxy- 
methyl-pL-homocysteine (VI; » = 1). 


R’*CO*CH(NHR)*CHy°CH,*S*CHy*CH(NHR)CO'R’ (VII) 
R’*CO*CH(NHR)*CHy°CH4SOy°CHy*CH(NHR)CO'R’ (VIII) 


Some derivatives of L-allocystathionine (VII; R =H, R’ = OH) and of the corre- 
sponding sulphone (VIII; R = H, R’ = OH) were prepared by similar methods: most of 
the allocystathionines prepared tended to form gels. ; 

Many of our products were examined for activity im vitro against strains of S. aureus 
and E. coli: no bacteriostatic action was detected. Activity against M. tuberculosis 
H37Rv in vivo in mice was also absent. 


(IX) HO*CHyCH(NHR)*CH,S*CHy°CHyOH = HO*CHy*CH(NHR)*CH,*S*CH,*CHy"CHy"OH = (X) 


A few of our compounds were reduced with lithium aluminium hydride, by Karrer and 
Aman’s method,’ in the hope of obtaining amino-substituted diols of types (IX) and (X) 
of microbiological interest. N-Benzoyl-S-methoxycarbonylmethy]-L-cysteine methyl ester 
(I; R = Bz, R’ = R” = OMe), at room temperature, afforded a neutral solid and a basic 
oil. The solid gave correct analyses for the partially reduced product (IX; R= Bz), 
while the oil was characterised as the crystalline oxalate of the diol (IX; R = CH,:Ph). 
Similarly reduction of the S-2-methoxycarbonylethyl derivative (III; R= Bz, R’ = 
R” = OMe) afforded a crystalline amide (X; R = Bz) and benzyl derivative. Reduction 
of S-2-methoxycarbonylmethyl-t-cysteine methyl ester (III; R =H, R’ = R” = OMe) 
under the same conditions gave an oily amine forming a crystalline hydrogen oxalate. 
Like the amino-acid derivatives, the reduced products had insignificant bacteriostatic 
action. 


EXPERIMENTAL 


S-Carboxymethyl-L-cysteine (I; R= H, R’ = R” = OH).—1-Cystine (12-0 g.), stirred in 
liquid ammonia (200 ml.), was treated portionwise with sodium (4-7 g.) until the blue colour 
persisted for ca. 10 min. The colour was discharged by addition of solid ammonium chloride 
(2 g.), and chloroacetic acid (9-6 g.) was added in 10 min. After further stirring, the ammonia 
was allowed to evaporate, and the residual solid dissolved in warm water (120 ml.), treated 
with sodium cyanide (2-0 g.) and left for 15 min. The solution was brought to pH 3 with 
concentrated hydrochloric acid and cooled, a white solid separating [12-0 g; m. p. 194-5—196° 
(decomp.)}._ A second crop was obtained from the mother-liquors [4-7 g.; m. p. 190—191° 
(decomp.)], both crops being free from thiol and disulphide. Crystallisation from water 
afforded leaflets (15-5 g.), m. p. 194-5° (decomp.) (Found: C, 34-0; H, 5-0; N, 7-7. Calc. for 
C,;H,O,NS: C, 33-6; H, 5-1; N,7-8%). Armstrong and Lewis ® give m. p. 204—207° (decomp.); 
Berger ef al.44 give m. p. 192° (decomp.). 

S-Methoxycarbonylmethyl-L-cysteine Methyl Ester Hydrochloride (I; R=H, R’ = R” = 
OMe).—S-Carboxymethyl-L-cysteine (3-0 g.) was left overnight with saturated methanolic 
hydrogen chloride. The ester (3-1 g.) formed needles, m. p. 98—100° (from ethanol-—ether) 
(Found: C, 34-6; H, 5-6; N, 5-9. C,H,,O,NSCI requires C, 34-4; H, 5-8; N, 5-8%). 

N-Benzyloxycarbonyl-S-carboxymethyl-L-cysteine (I; R = CH,Ph-O-CO, R’ = R” = OH).— 
To a cooled stirred solution of S-carboxymethyl-t-cysteine (3-6 g.) in aqueous 4N-sodium 
hydroxide (5-8 ml.) were simultaneously added benzyl chloroformate (2-4 g.) and aqueous 
4n-sodium hydroxide (12-5 ml.) during 15 min. After further stirring (1 hr.), water (20 ml.) 
was added and the mixture extracted with ether. The ether washings were rejected and the 
aqueous layer, after acidification, was extracted with ethyl acetate: evaporation of the extracts 
gave a product (3-1 g.) that formed needles, m. p. 116—117° from ethyl acetate-ether (Found: 
C, 50-1; H, 4-7; N, 44. C,,;H,,O,NS requires C, 49-8; H, 4-5; N, 45%). Use of magnesium 
oxide in place of sodium hydroxide did not improve the yield. 


" Berger, Noguchi, and Katchalski, J. Amer. Chem. Soc., 1956, 78, 4483. 
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N-Benzyloxycarbonyl-S-hydvazinocarbonylmethyl-L-cysteine Hydrazide (1; R = CH,Ph-O-CO, 
R’ = R” = NH'‘NH,).—The foregoing acid (3-0 g.), suspended in ether (30 ml.), was treated 
with excess of ethereal diazomethane; a clear solution was obtained. Evaporation afforded an 
almost colourless oil which was taken up in methanol (20 ml.) and treated with 95% hydrazine 
hydrate (3-0 ml.). Next morning the solution was filtered and concentrated; cream-coloured 
needles (2-1 g.), m. p. 153—154°, separated. Crystallisation from methanol containing a little 
water gave the pure dihydrazide, m. p. 153—154° (Found: C, 45-9; H, 6-0; N, 20-3. 
C13H,,O,N;, requires C, 45-8; H, 5-6; N, 205%). 

N-Benzyloxycarbonyl-S-carbamoylmethyl-L-cysteine Amide (1; R= CH,Ph-O-CO, R’ = 
R” = NH,).—(a) Treatment of the foregoing dimethyl ester with methanolic ammonia at room 
temperature for 24 hr. yielded the diamide (2-5 g.), m. p. 182—183° (from methanol containing 
a few drops of water) (Found: C, 49-7; H, 5-6; N, 13-7. C,;H,,O,N,S requires C, 50-1; 
H, 5-5; N, 135%). (6) The foregoing dihydrazide (0-2 g.) in N-hydrochloric acid (1-7 ml.) was 
stirred with ethyl acetate (2-0 ml.) and slowly treated with sodium nitrite (0-1 g.) in water 
(1-0 ml.). The organic layer was separated, washed with water, and dried. Ethanolic 8% 
ammonia (1-0 ml.) was added; a white solid (75 mg.), m. p. 171—172°, separated; from 
methanol this formed needles, m. p. 179—181° not depressed on admixture with the sample 
prepared as in method (a) (Found: C, 49-8; H, 5-5; N, 13-0%). 

S-Carbamoylmethyl-L-cysteine Amide Dihydrobromide (as 1; R =H, R’ = R” = NH,).— 
N-Benzyloxycarbonyl-S-carboxyamido-L-cysteine amide (0-5 g.) and a 50% solution (5-0 ml.) 
of hydrogen bromide in acetic acid were kept for 1 hr. Dry ether was added, and the product 
collected and washed with ether (0-52 g.), m. p. 160° (decomp.) (Found: C, 18-1;-H, 41; 
N, 12-1. C,H,,0,N,SBr, requires C, 17-7; H, 3-9; N, 12-4%). This salt was very soluble 
in water and did not crystallise satisfactorily. 

N-Benzoyl-S-carboxymethyl-L-cysteine (I; R = Bz, R’ = R” = OH).—S-Carboxymethyl-t- 
cysteine (15 g.) in 2N-sodium hydroxide (90 ml.) was stirred at 0° while benzoyl chloride (18-8 ml.) 
and 4N-sodium hydroxide (105 ml.) were added (15 min.). Stirring was continued for 1 hr., 
the mixture extracted once with ether, and the aqueous layer acidified to give an oil. After 
isolation with ethyl acetate the resulting oil was stirred with ether (200 ml.) to give a white 
solid (23-6 g.), m. p. 123—130°. Crystallisation from ethyl acetate gave white needles, m. p. 
140-5—141-5° (19-1 g.) (Berger et al." and Harris et al.!* give m. p. 139—140°). When prepared 
in 8% aqueous sodium hydrogen carbonate or N-sodium hydroxide, a bis-S-benzylisothiouronium 
salt sesquihydrate was obtained, having m. p. 118—120° after drying at 70°/15 mm. (Found: 
C, 52-4; H, 5-7; N, 11-0; S, 15-2. C,,H,,0;N,S,,1-5H,O requires C, 52-3; H, 5-7; N, 10-9; 
S, 150%). In 2% aqueous sodium hydrogen carbonate a mono-S-benzylisothiouronium salt 
was formed as needles, m. p. 167—168° (Found: C, 52-9; H, 5-0; S, 13-6. C, H,,0,N,S, 
requires C, 53-3; H, 5-2; S, 14.2%). Treatment of the bis-salt (0-56 g.) with 2n-hydrochloric 
acid yielded N-benzoyl-S-carboxymethyl-L-cysteine (0-165 g.), m. p. 136—138°, while the 
monosalt (0-57 g.) gave the same product (0-245 g.), m. p. 136—138°. 

N-Benzoyl-S-methoxycarbonylmethyl-L-cysteine Methyl Ester (1; R = Bz, R’ = R” = OMe)— 
Prepared from the corresponding acid (3-0 g.) and ethereal diazomethane, the diester was 
obtained as needles (2-8 g.), m. p. 59—60°, from aqueous methanol (Found: C, 53-9; H, 5-4; 
N,4-4. Calc. for C,,H,,O;NS: C, 54-0; H, 5-5; N, 45%), {a],!8 — 76-5° (c 1 in EtOH) (lit.,21* 
m. p. 63—64°). The diester (1-0 g.), methanol (10 ml.), and aqueous ammonia (4 ml.; d 0-88) 
gave needles of the diamide (0-6 g.), m. p. 219—-220° (from aqueous methanol) (Found: C, 51-2; 
H, 5-6; N, 14-8. C,,H,;0O,;N,S requires C, 51-2; H, 5-4; N, 149%). The dihydrazide hemi- 
hydrate formed needles, m. p. 166—167°, from aqueous methanol (Found: C, 46-5; H, 5-6; 
N, 22-6; S, 10-2. C,,H,,0O,N,S,0-5H,O requires C, 46-5; H, 5-9; N, 22-6; S, 10-3%). 

Reactions of N-Benzogl-S-azidocarbonylmethyl--cysteine Azide.—The foregoing dihydrazide 
(3-0 g.), N-hydrochloric acid (25 ml.), and ethyl acetate (25 ml.) were stirred at 5° while sodium 
nitrite (1-4 g.) in water (3 ml.) was added during 10 min. After separation, the organic layer 
was washed with water, dried, and divided into two equal portions. (a) One portion was 
treated with 8% ethanolic ammonia (6 ml.), a white solid rapidly separating; this formed 
needles (1-1 g.), m. p. 225—226°, from aqueous methanol, not depressed on admixture with 
the above diamide. (b) To the other portion of azide solution was added aniline (2-0 ml.). 
After 17 hr., a solid was deposited (0-25 g.; m. p. 198—201°). Two crystallisations from 
aqueous dimethylformamide afforded needles of a substance, m. p. 216—217° (Found: C, 62-8; 

#2 Harris, Easton, Heyl, and Folkers, J. Amer. Chem. Soc., 1944, 66, 1757. 
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H, 5:5; N, 12:3. Calc. for C,,H,gO,N,S: C, 62-1; H, 5-8; N, 12-7%). The substance was 
soluble in concentrated hydrochloric acid on slight warming. The original ethyl acetate 
mother-liquors were concentrated to give a second product (0-65 g.), m. p. 188—190°; the 
N-benzoyldianilide (I; R = Bz, R’ = R” = NHPh) formed needles (from methanol), m. p. 
200—201° (Found: C, 66-4; H, 5-2; N, 10-2. C,,H,,0,N,S requires C, 66-5; H, 5-4; N, 9-7%). 

N-Benzoyl-S-carboxymethyl-L-cysteine SS-Dioxide (II; R = Bz, R’ = OH).—N-Benzoyl-S- 
carboxymethyl-L-cysteine (3-3 g.), acetic acid (15 ml.), and 30% aqueous hydrogen peroxide 
(10 ml.) were warmed on the steam-bath for 30 min. Evaporation afforded the sulphone which 
separated from acetic acid-ethyl acetate as needles (2-0 g.), m. p. 177—-178° (decomp.) (Found: 
C, 44-9; H, 4:2; N, 4:3; S, 9-5. C,,.H,,0,NS,0-5H,O requires C, 44:5; H, 44; N, 4:3; S, 
9-9%). Both a mono-S-benzylisothiouronium salt, needles (from ethanol-ether), m. p. 144—145° 
(decomp.) (Found: C, 49-9; H, 4-9; N, 8-7. C,.9H,,0,N,S, requires C, 49-8; H, 4-8; N, 8-8%), 
and a bis-S-benzylisothiouronium salt, needles (from water), m. p. 167° (decomp.) (Found: 
C, 51-7; H, 5-1; N, 10-3. C,,H,,0,N,;S, requires C, 51-8; H, 5-1; N, 10-8%), were obtained. 
The dimethyl ester (II; R = Bz, R’ = R” = OMe), prepared from the acid with diazomethane, 
formed needles (from ethyl acetate), m. p. 156—157° (Found: C, 48-6; H, 5-2; N, 3-8; S, 9-0. 
C,4H,,0,NS requires C, 49-0; H, 5-0; N, 4:1; S, 93%). Treatment of the dimethyl ester 
(0-5 g.) in methanol (5 ml.) with 95% hydrazine hydrate (1-0 ml.) yielded the sulphone di- 
hydrazide (Il; R = Bz, R’ = R” = NH'NH,) (0-35 g.), needles (from methanol—water), m. p. 
206—207° (decomp.) (Found: C, 41-8; H, 4-8; N, 20-6. C,,.H,,O;N,S requires C, 42-0; H, 5-0; 
N, 20-4%). 

S-2-Carboxyethyl-L-cysteine (III; R = H, R’ = R” = OH), prepared either by the action 
of 8-chloropropionic acid on the sodium salt of L-cysteine in liquid ammonia (82% yield) or 
from L-cysteine and «-acetamidoacrylic acid (81% yield) according to Schéberl and Wagner," 
had m. p. 218° (decomp.) (lit., m. p. 214—216° 1% and m. p. 227—230°°). Esterification with 
methanolic hydrogen chloride gave the dimethyl ester hydrochloride, needles (from methanol- 
ether), m. p. 90—91° (Found: C, 36-7; H, 6-4; N, 5-1. C,H,,0,NSCI requires C, 37-2; H, 6:3; 
N, 5:4%). The monohydroxamic acid (II1; R = H, R’ = OMe, R” = NH-OH, or its isomer), 
prepared by treatment of the dimethyl ester with hydroxylamine (2 mol.) and potassium 
hydroxide in methanol, formed needles (from aqueous methanol), m. p. 153—154° (Found: 
C, 38-0; H, 6-1; N, 12:7. C,H,,O,N,S requires C, 37-8; H, 6-3; N, 12-6%). 

N-Benzyloxycarbonyl-S-2-carboxyethyl- L-cysteine (III; R = CH,Ph:O-CO, R’ = R” = 
OH).—S-2-Carboxyethyl-t-cysteine (6-0 g.), magnesium oxide (4-6 g.), and water (60 ml.) were 
cooled in ice and stirred vigorously while benzyl chloroformate (6-0 g.) in toluene (40 ml.) was 
added during 30 min. The mixture was further stirred overnight at room temperature and 
filtered and the aqueous layer separated and extracted with ether. The ether washings were 
rejected, and the aqueous layer was acidified and extracted with ethyl acetate. Concentration 
afforded the product which separated from ethyl acetate—light petroleum as needles (7-3 g.), 
m. p. 92—94° (Found: C, 51-2; H, 5-4; N, 4:3. C,,H,,O,NS requires C, 51-5; H, 5-2; N, 
4:3%). The bis-S-benzylisothiouronium salt formed needles (from ethanol-ether), m. p. 117— 
119° (Found: C, 54-6; H, 5-8; N, 10-2. C, 9H,,0,N,S, requires C, 54-5; H, 5-7; N, 10-6%). 
The sulphone (IV; R = CH,Ph:O-CO, R’ = OH) was obtained by oxidation of the sulphide 
(needles from ethyl acetate) and had m. p. 152-5—154° (Found: C, 47-1; H, 5-2; N, 3-9. 
C,4H,,O,NS requires C, 46-8; H, 4:8; N, 3-9%). 

N-Benzyloxycarbonyl-S-2-carbamoylethyl-L-cysteine Amide (III1; R = CH,Ph:O-CO, R’ = 
R” = NH,).—The N-benzyloxycarbonyl acid (III; R = CH,Ph-O-CO, R’ = R” = OH) 
(6-0 g.) with diazomethane gave an oily dimethyl ester which was left with methanol (15 ml.) 
and aqueous ammonia (15 ml.; d 0-88) for 24 hr. The diamide (3-8 g.) formed needles, m. p. 
160—162° (Found: C, 51-6; H, 5-9; N, 12-5. (C,gH,,O,N,S requires C, 51-7; H, 5-9; 
N, 12-9%). 

S-2-Carboxyethyl-N-toluene-p-sulphonyl-t-cysteine (III; R = p-Me-C,H,°SO,, R’ = R” = 
OH).—Prepared under Schotten—Baumann conditions, the hemihydrate of this product formed 
needles, m. p. 142—144° (Found: C, 43-4; H, 5-2; N, 4:2. (C,,H,,O,NS,,0-5H,O requires 
C, 43-9; H, 5-1; N, 4.0%). Oxidation with peracetic acid yielded the sulphone (needles from 
water), m. p. 184—185° (Found: C, 39-5; H, 4:8; N, 3-9. C,,;H,,O,NS,,H,O requires C, 39-3; 
H, 4:8; N, 3-5%). 

N-Benzoyl-S-2-carboxyethyl-L-cysteine (II1; R= Bz, R’ = R” = OH).—Also prepared 

18 Schéberl and Wagner, Chem. Ber., 1947, 80, 379. 
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under Schotten—Baumann conditions (71% yield) this product crystallised from ethyl acetate— 
light petroleum as needles, m. p. 106-5—108° (Found: C, 52-5; H, 5-2; N, 4-4. C,,;H,,0,NS 
requires C, 52-8; H, 5-1; N, 4-7%). The corresponding sulphone (IV; R = Bz, R’ = OH) 
formed needles, m. p. 178—179° (decomp.), from aqueous acetic acid (98% yield) (Found: 
C, 47-5; H, 4:4; N, 3-9; S, 9-3. C,,H,,O,NS requires C, 47-4; H, 4-6; N, 4:3; S, 9-7%). 

S-2-Carboxyethyl-L-cysteine SS-Dioxide (IV; R =H, R’ = OH).—The foregoing sulphone 
(2:5 g.) and 17% hydrochloric acid (40 ml.) were heated under reflux for 5hr. After cooling, the 
benzoic acid was removed (0-8 g.) and the filtrate evaporated to a gum which crystallised when 
scratched with chloroform. Crystallisation from water gave the amino-sulphone as needles 
(1-4 g.), m. p. 184—185° (decomp.) (Found: C, 32-0; H, 5-3; N, 6-0; S, 14-0. C,H,,O,NS 
requires C, 32-0; H, 4-9; N, 6-2; S, 14:2%). 

N-Benzoyl-S-2-hydvazinocarbonylethyl-L-cysteine Hydvrazide SS-Dioxide (IV; R = Bz, R’ = 
R” = NH-‘NH,).—The N-benzoylcysteine dioxide (IV; R= Bz, R’ = OH) (2-0 g.) with 
diazomethane gave a dimethyl ester (1-8 g.), needles (from ethyl acetate), m. p. 154—156° (Found: 
C, 50-1; H, 5-3; N, 3-6. C,,H,,0O,NS requires C, 50-4; H, 5-4; N, 39%). The ester (0-65 g.) 
in methanol with hydrazine hydrate afforded the sulphone hydrazide (0-5 g.) as needles, m. p. 
200° (from aqueous methanol) (Found: C,} 44:3; H, 54; N, 19-5. (C,,;H,,O;N,S requires 
C, 43:7; H, 5-4; N, 19-6%). 

Reactions of Dimethyl Ester (111; R = Bz, R’ = R” = OMe).—The N-benzoyl acid (III; 
R = Bz, R’ = R” = OH) (5-0 g.) was esterified with diazomethane to give the oily dimethyl 
ester, which was taken up in methanol (30 m1.) and divided into two equal portions. (a) To one 
portion was added aqueous ammonia (6 ml.; jd 0-88) and the solution left overnight. Evapor- 
ation of the solvent and recrystallisation of the residue from aqueous methanol gave the mono- 
amide ester (III; R = Bz, R’ = OMe, R” =: NH,, or its isomer) as needles (1-0 g.), m. p. 
138—139° (Found: C, 54-2; H, 5-5; N, 8-6. ,C,,H,s,0,N,S requires C, 54:2; H, 5-8; N, 9-0%). 
(b) From the other portion was obtained the Wihydrazide (II11; R = Bz, R’ = R” = NH-NH,) 
which formed needles (from aqueous methanol) (1-5 g.), m. p. 135—136° (Found: C, 48-0; 
H, 6-1; N, 21-4. C,,H,,0O,N,S requires C, 48-0; H, 5-9; N, 21-5%). 

N-Benzoyl-S-2-carbamoylethyl-L-cysteine Amide (III; R= Bz, R’ = R” = NH,).—The 
foregoing hydrazide (1-65 g.) was converted via the diazide into the diamide, separating as 
needles (0-85 g.), m. p. 164—165°, from ethanol (Found: C, 52-6; H, 5-5; N, 13-8. C,,H,,0O,N,S 
requires C, 52-9; H, 5-8; N, 14-2%). 

N-Benzoyl-S-2-N-phenylcarbamoylethyl-L-cysteine Anilide (III; R= Bz, R’ = R” = 
NHPh).—Prepared from the dihydrazide in the same way as the diamide, the dianilide formed 
needles (0-95 g.), m. p. 178—179° (Found: C, 66-9; H, 5-6; N, 9-0. C,,H,,0,N,S requires 
C, 67-1; H, 5-6; N, 9-4%). 

S-1-Carboxyethyl-t-cysteine (V; R= H, R’ = R” = OH) was prepared from L-cysteine 
and «-chloropropionic acid (in the same way as S-carboxymethyl-L-cysteine) in 79% yield and 
formed prisms (from water), m. p. 177—178° (decomp.) (Found: C, 37-2; H, 5-8; N, 7:4. 
Calc. for C,H,,O,NS: C, 37-3; H, 5-7; N, 7:3%). Karrer and Aman ’ give m. p. 169—171°. 
The N-benzoyl derivative formed prisms, m. p. 139—140°, from ethyl acetate—light petroleum 
(Found: C, 52-6; H, 5-2; N, 4-7. (C,,H,,0;NS requires C, 52-8; H, 5-1; N, 4:7%). When 
esterified with diazomethane, the N-benzoyl dimethyl ester was obtained as an oil which did 
not solidify and was used without purification. 

Reactions of N-Benzoyl-S-2-methoxycarbonylethyl-L-cysteine Methyl Ester.—(a) The oily ester 
(4:5 g.) in methanol (25 ml.) was treated with hydrazine hydrate (3-5 ml.) and left for 24 hr. at 
room temperature, giving a solid (4-6 g.), m. p. 153—170°: from the mother-liquors was 
obtained a second solid (0-25 g.), m. p. 143—155°. Fractional crystallisation from methanol 
gave the a-dihydrazide (V;; R = Bz, R’ = R” = NH:NH,) as needles (1-8 g.), m. p. 197—198° 
(Found: C, 47-6; H, 6-2; N, 20-9. C,,H,,O,N,S requires C, 48-0; H, 5-9; N, 215%). The 
more soluble 8-dihydrazide formed needles (1-2 g.), m. p. 153—154°, from ethyl acetate—-methanol 
(Found: C, 47-8; H, 6-0; N, 21-6%). (b) Aqueous ammonia (5 ml.; d 0-88) was added to the 
dimethyl ester (1-5 g.) in methanol and left for 24 hr., to give a solid (0-2 g.), m. p. 216—220° 
(decomp.): evaporation of the ‘mother-liquor afforded only gum. The a-diamide (V; R = Bz, 
R’ = R” = NH,) formed needles (from aqueous methanol), m. p. 251—252° (decomp.) (Found: 
C, 53-4; H, 5-7; N, 14-0. C,,H,,O,N,S requires C, 52-9; H, 5-8, N, 142%). Authentic 
a-diamide (V; R = Bz, R’ = R” = NH,) identical with the foregoing diamide was prepared 
in the usual manner from the «-dihydrazide (2-0 g.) as needles (1-0 g.), m. p. 258—259° (decomp.), 
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showing no depression of mixed m. p. (Found: C, 52-3; H, 5-5; N, 139%). The corresponding 
8-diamide (0-8 g.) was similarly prepared from the §-dihydrazide (2-0 g.) and formed rosettes of 
needles (from water), m. p. 219—220° (Found: C, 52-7; H, 5-9; N, 143%). 

N-Benzyloxycarbonyl-S-1-carboxymethyl-L-cysteine (V; R = CH,Ph-O-CO, R’ = R” = OH), 
obtained by the Schotten-Baumann method, formed needles, m. p. 104—106°, from ether- 
light petroleum (Found: C, 51-3; H, 5-2; N, 4:3. C,,H,,O,NS requires C, 51-5; H, 5-2; 
N, 43%). In one experiment a small quantity of an isomer, m. p. 140°, was isolated (Found: 
C, 52:1; H,4-9; N,4:2%). Esterification of the lower-melting material yielded an ay dimethyl 
ester which was used with purification. 

N-Benzyloxycarbonyl-S-1-hydrazinocarbonylethyl-L-cysteine Hydrazide (V; R = CH,Ph-O-CO, 
R’ = R” = NH:NH,).—tThe foregoing oily ester (2-5 g.) gave, by the usual method, needles 
of a dihydrazide (1-5 g.) (from methanol), m. p. 180—181° (Found: C, 47-5; H, 5-5; N, 19-9, 
C,,H,,0,N,S requires C, 47-3; H, 5-7; N, 19-7%). When the same ester (4-0 g.) was treated 
in methanol (20 ml.) with aqueous ammonia (15 ml.; d 0-88) reaction was slow. Crystallisation 
of the crude solid (0-75 g.) from water gave needles of the monoamide methyl ester (0-6 g.) (V; 
R = CH,Ph:O-CO, R’ = OMe, R” = NH,, or an isomer), m. p. 146—148° (Found: C, 53:3; 
H, 6-0; N, 7-7. C,;H9O;N.S requires C, 53-0; H, 5-9; N, 82%). 

S-2-Carboxyethyl-pL-homocysteine (VI; m = 2).—Methionine (15 g.) in liquid ammonia 
(200 ml.) was stirred while sodium (ca. 6 g.) was added in small portions. Addition of 6-chloro- 
propionic acid (11-5 g.) and working up in the usual way afforded white needles (18-9 g.), m. p. 
215—217°. Two crystallisations from water gave the pure product (12-5 g.), m. p. 232° 
(decomp.) (lit.,° m. p. 227—230°) (Found: C, 40-0; H, 6-6; N, 7-1. Calc. for C,H,,0,NS: 
C, 40-5; H, 6-4; N, 6-8%). The same product was obtained (10-1 g.) when pL-methionime 
(14-9 g.), concentrated hydrochloric acid (200 ml.), and 6-chloropropionic acid (11-5 g.) were 
heated under reflux for 24 hr. The N-benzoyl derivative formed needles (from ethyl acetate- 
light petroleum), m. p. 122—124° (Found: C, 53-5; H, 5-5; N, 3-9. C,4H,,O;NS requires 
C, 54-0; H, 5-5; N, 45%). 

N-Benzoyl-S-2- -Aydvasinscarbonyl-vi-homocysteine Hydrazide.—The foregoing acid was 
converted via the oily dimethyl ester into the dihydrazide which separated from methanol as a 
gelatinous solid containing varying amounts of water. After drying at 50°/15 mm., the hemi- 
hydrate had m. p. 98—99° (cloudy melt, clear at 152°) (Found: C, 48-3; H, 6-2; N, 19-7. 
C,4H,,0,;N,5,0-5H,O requires C, 48-0; H, 6-3; N, 20-1%). From the dihydrazide (1-7 g.) 
N-benzoyl-S-2-carbamoylethyl-pL-homocysteine amide was obtained as needles (from dimethyl- 
formamide-ethanol) (1-0 g.), m. p. 185—-187° (Found: C, 54:6; H, 6:3; N, 13-6. C,gH,,0,N,S 
requires C, 54-4; N, 6-2; N, 13-6%). 

S-Carboxymethyl-pL-homocysteine (V1; » = 1), prepared as the carboxyethyl homologue, 
formed needles, m. p. 225—226° (decomp.) (lit.,° m. p. 224—226°). Its N-benzoyl derivative 
formed needles (from ethyl acetate-light petroleum), m. p. 155—156° (Found: C, 52-6; H, 5-2; 
N, 4:5. C,,;H,,;0;NS requires C, 52-5; H, 5-1; N, 4:7%). Treatment of the N-benzoyl com- 
pound with diazomethane afforded an oily dimethyl ester which with hydrazine hydrate was 
converted into N-benzoyl-S-hydrazinocarbonylmethyl-pL-homocysteine hydrazide (50% yield), 
needles (from aqueous methanol), m. p. 121—123° (Found: C, 48-4; H, 6-6; N, 21:3. 
C,3H,,O3N,S requires C, 48-1; H, 6-4; N, 21-6%). The corresponding diamide prepared from 
the diester by the action of aqueous ammonia in methanol formed needles (55% yield), m. p. 
184—185° (Found: C, 52-7; H, 5-8; N, 14-1. C,,H,,O,N,S requires C, 52-9; H, 5-8; N, 
14:2%). The same diamide was obtained from the diazide corresponding to the foregoing 
dihydrazide by treatment with methanolic ammonia, having m. p. and mixed m. p. 183—184°. 

N-Benzoyl-S-N-phenylcarbamoylmethyl-pL-homocysteine anilide, also prepared from the above 
dihydrazide, crystallised from aqueous dimethylformamide as needles of the hemihydrate, m. p. 
185—187° (Found: C, 65-5; H, 5-7; N, 9-2. C,,H,,0,N,S,0-5H,O requires C, 65-5; H, 5:7; 
N, 9:2%). 

S-2-Carboxypropyl-.-cysteine.—1-Cysteine hydrochloride (15-8 g.) and methacrylic acid (10-6 
g., 90% material) were brought to pH 7—8 under nitrogen with 2N-sodium hydroxide, and the 
solution was heated for 8 hr. on the steam-bath until the test for thiol was negative (nitro- 
prusside). The cooled solution was brought to pH 2 with hydrochloric acid, giving a solid 
(16-4 g.), m. p. 188—190° (decomp.). Two crystallisations from water gave the product as 
needles, m. p. 194° (decomp.) (Found: C, 40-7; H, 6-3; N, 6-6. C,H,,0,NS requires C, 40-5; 
H, 6-3; N, 68%). 
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NN’-Dibenzoyl-L(—)-allocystathionine Dihydrazide (VII; R= Bz, R’ = NH:NH,).—Di- 
benzoyl-1(—)-allocystathionine ™ (1 g.) with ethereal diazomethane gave the dimethyl ester 
(VII; R = Bz, R’ = OMe) (0-95 g.), m. p. 155—156° (from ethanol) (Found: C, 60-1; H, 5-7; 
N, 5:8. C,3H,,0,N,S requires C, 60-2; H, 5-7; N, 6-1%), which was converted into the 
dihydrazide (0-7 g.) (needles from ethanol), m. p. 225—226° (Found: C, 55-7; H, 6-0; N, 17-7. 
Cy;H,0,N,S requires C, 55-0; H, 5-7; N, 184%). 

NN’-Dibenzoyl-L(—)-allocystathionine-SS-Dioxide (VIII; R= Bz, R’ = OH).—Oxidation 
of the dibenzoyl acid (1 g.) with peracetic acid gave the sulphone hydrate (1 g.), m. p. 131—132° 
(from water) (Found: C, 53-0; H, 4-8; N, 5-8. C,,H,,0,N,S,H,O requires C, 52:5; H, 5-0; 
N, 5°8%); esterification with ethereal diazomethane gave NN’-dibenzoyl-L(—)-allocystathionine 
dioxide dimethyl ester (VIII; R = Bz, R’ = OMe) (0-9 g.), m. p. 190—191°, as needles from 
ethyl acetate-methanol (Found: C, 56-0; H, 5-4; N, 5-7. C,3H,,0,;N,S requires C, 56-3; 
H, 5-3; N, 5-7%). Treatment of the ester with hydrazine hydrate yielded a compound soluble 
in aqueous sodium hydroxide which was probably NN’-dibenzoyl-L(—)-allocystathionine dioxide 
monohydrazide, m. p. 190—192° (from aqueous dimethylformamide) (Found: C, 52-8; H, 5-1; 
N, 12:2. C,,H,,0,N,S requires C, 52:9; H, 5-1; N, 11-8%). 

NN’-Dibenzyloxycarbonyl-L(—)-allocystathionine (VII; R= CH,Ph:O-CO, R’ = OH).— 
Benzyl chloroformate (3-5 ml.) in toluene (25 ml.) was added, dropwise with stirring, to a 
mixture of L(—)-allocystathionine ' (2 g.), magnesium oxide (3-6 g.), and water at 0°. After be- 
ing stirred overnight, the solid was filtered off and the filtrate extracted with ether. The solid 
was dissolved in dilute hydrochloric acid, combined with the filtrate, and extracted with ethyl 
acetate. Evaporation of the ethyl acetate and crystallisation of the resulting solid from 
ethanol-light petroleum (b. p. 40—60°) gave the dibenzyloxycarbonyl compound (2-35 g:), m. p. 
138—140° (Found: C, 56-2; H, 5-3; N, 5-4. C,,H,,O,N,S requires C, 56-3; H, 5-3; N, 5-7%). 

NN’-Dibenzyloxycarbonyl-L(—)-allocystathionine Dihydrazide (VII; R= CH,Ph:O-CO, R’ = 
NH-NH,).—The dibenzyloxycarbonyl acid (1 g.) with ethereal diazomethane gave an oily 
dimethyl ester from which was obtained the dihydrazide (0-7 g.), m. p. 148—150° (from aqueous 
methanol) (Found: C, 52-5; H, 6-1; N, 16-1. C,3H39O,N,S requires C, 53-2; H, 5-8; N, 16-2%). 

Reduction of N-Benzoyl-S-methoxycarbonylmethyl-t-cysteine Methyl Ester (1; R= Bz, 
R’ = R” = OMe).—tThe dimethy] ester (3 g.) in dry ether (100 ml.) was added dropwise with 
stirring to a suspension of lithium aluminium hydride (1-3 g.) in dry ether (150 ml.). The 
mixture was stirred for 4 hr. and then hydrolysed by ether saturated with water. The inorganic 
solid was filtered off and extracted with ether; the filtrate and ether extract were combined 
and gradually deposited fine needles. Crystallisation from ethyl acetate gave 2-benzamido-3- 
hydroxypropyl 2-hydroxyethyl sulphide (IX; R = Bz) (0-5 g.), m. p. 117—118° (Found: C, 55-8; 
H, 6:5; N, 5-2. C,,H,,O,NS requires C, 56-4; H, 6-7; N, 55%). Evaporation of the ether 
filtrate gave an oil (0-7 g.) which was treated in ethanol with oxalic acid dihydrate (0-35 g.). 
The resulting solution, on treatment with ethyl acetate and light petroleum (b. p. 40—60°), 
deposited crystals (0-2 g.), m. p. 124—127° (decomp.). Recrystallisation of this solid from 
methanol-ethyl acetate gave di-(2-benzylamino-3-hydroxypropyl 2-hydroxyethyl sulphide) oxalate, 
m. p. 166—167° (decomp.) (Found: C, 55-0; H, 7-0; N, 4:4. CygHO,N,S, requires C, 54-5; 
H, 7-0; N, 4:9%). 

Reduction of N-Benzoyl-S-2-methoxycarboxyethyl-t-cysteine Methyl Estey (III; R= Bz, 
R’ = R” = OMe).—The dimethy] ester (5 g.), reduced as above, gave 2-benzamido-3-hydroxy- 
propyl 3-hydroxypropyl sulphide (X; R = Bz) (1-7 g.), m. p. 94—95°, as needles from ethyl 
acetate (Found: C, 58-1; H, 7-6; N, 5-2. (C,,;H,,0O,NS requires C, 58-0; H, 7-1; N, 5-2%), 
together with (2-benzylamino-3-hydroxylpropyl 3-hydroxypropyl sulphide) hydrogen oxalate, 
m. p. 130—132° [from methanol-ethyl acetate—light petroleum (b. p. 40—60°)] (Found: C, 
51-8; H, 6:7; N, 4:0. C,,;H,,0,NS requires C, 52-2; H, 6-7; N, 4:1%). 

The acid oxalate (2-5 g.) was suspended in dry methanol (10 ml.) and treated with methanolic 
0-42N-potassium hydroxide (33-7 ml.). Potassium oxalate was filtered off and the filtrate 
evaporated. The amino-diol (1-5 g.) crystallised from ethyl acetate-light petroleum (b. p. 
40--60°) as needles, m. p. 58-5—60° (Found: C, 60-7; H, 8-5; N, 5-8. C,3H,,O,NS requires 
C, 61-1; H, 8-4; N, 55%). - 

Reduction of S-2-Methoxycarbonylethyl-.-cysteine Methyl Ester (111; R= H, R’ = R” = 
OMe).—The dimethyl ester hydrochloride (5-1 g.) in chloroform (20 ml.) was treated with 
triethylamine (2-0 g.) and dry ether. The precipitated triethylamine hydrochloride was 

1 McHale, Mamalis, and Green, 2847. 
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collected and the filtrate evaporated at normal pressure. The resulting oil in dry ether (100 
ml.) was added, dropwise with stirring, to lithium aluminium hydride (2-3 g.) in dry ether 
(100 ml.). The mixture was stirred for 4 hr. and then hydrolysed by ether saturated with 
water. The inorganic solid was filtered off and extracted with ethanol. Evaporation of the 
ethanol gave a gum which on treatment with oxalic acid in ethanol gave (2-amino-3-hydroxy- 
propyl 3-hydroxypropyl sulphide) hydrogen oxalate, m. p. 104—105° (from methanol-ethy] 
acetate) (Found: C, 37-5; H, 6-5; N, 5-3. C,H,,O,NS requires C, 37-6; H, 6-7; N, 5-5%). 
Watton Oaks EXPERIMENTAL STATION, VITAMINS LIMITED, 
TADWORTH, SURREY. (Received, January 29th, 1960.] 





587. Ring Scission of Cyclic Acetals. Part I. The Formation of a 
Linear Polyester from 1,3:2,4:5,6-T'ri-O-methylene-p-glucitol, Adipic 
Acid, and Trifluoroacetic Anhydride. 


By T. G. Bonner, E. J. Bourne, and N. M. SAVILLE. 


A new synthesis of linear polyesters from a cyclic acetal and a dicarboxylic 
acid is based on conversion of the latter by trifluoroacetic anhydride into a 
powerful acylating species having two active centres; the acetal must have 
two rings susceptible to scission by acylating reagents. Mild hydrolysis of 
the product, to remove trifluoroacetoxymethyl groups, leaves a polyester 
with free hydroxyl groups along the chain. The method has been employed 
with 1,3:2,4:5,6-tri-O-methylene-p-glucitol and adipic acid. 


TRIFLUOROACETIC ANHYDRIDE converts simple carboxylic acids into powerful acylating 
agents,! which originate in the unsymmetrical anhydride known to be extensively formed 
in an equimolar mixture of the two reactants: 2 


R*COH -+}- (CFy°CO),0 === RCO‘O-COCF, ++ CFCOJH . . wee I) 


Cyclic acetals of sugars * and hexitols 4 undergo ring scission with acylating agents, and 
in the acetolysis of hexitol diacetals and triacetals a notable feature is the marked difference 
in lability of the acetal rings; e.g., the 2,4-O-methylenedioxy-ring is left intact * after 
acetolysis of 1,3:2,4:5,6-tri-O-methylene-p-glucitol, and the 2,5-O-methylenedioxy-ring 
in the reaction of 1,3:2,5:4,6-tri-O-methylene-p-mannitol; in both cases the other two 
rings open, to give O-acetyl groups at the primary carbon atoms and O-acetoxymethyl 
groups at the secondary carbon atoms. The same selectivity is shown towards tri-O- 
methyleneglucitol by an equimolar mixture of acetic acid and trifluoroacetic anhydride § 
in 4—5-fold molar excess over the acetal; with this reagent the attack on labile rings (i.e., 
the 1,3- and 5,6-rings) is represented as in reactions (2). The bistrifluoroacetoxymethyl 


+ Ac 
CH,-O CH,— 0” CH,-OAc CH)-OAc 
i Act \ : AY ot 0 pe sey Oe 2 
i CH, s i Paar — > i + cF,CO, CO, i ( ) 
GH= ©) sis CH-O=CH) CH-O-CH),-O:CO-CF, 
" ’ 


product is unstable and is not usually isolated; treatment with dry methanol readily 
converts it into 1,6-di-O-acetyl-2,4-O-methylene-p-glucitol. The ease of removal of the 
trifluoroacetoxymethyl groups by hydrolysis under conditions which do not affect the 


1 Bourne, Stacey, Tatlow, and Tedder, /., 1949, 2976. 

* Bourne, Stacey, Tatlow, and Worrall, /., 1954, 2006; Randles, Tatlow, and Tedder, J., 1954, 436; 
Bourne, Stacey, Tatlow, and Worrall, ]., 1958, 3268. 

* Schlubach, Ranchenberger, and Schultze, Ber., 1933, 66, 1248. 

* Ness, Hann, and Hudson, /. Amer. Chem. Soc., 1944, 66, 665; ibid., 1943, 65, 2215; Barker and 
Bourne, Adv. Carbohydrate Chem., 1952, 7, 138. 

5 Bourne, Burdon, and Tatlow, ]., 1959, 1864. 
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acetyl groups is a unique feature that makes this method superior to degradation by 
acetolysis, since the product of the latter is not readily susceptible to selective hydrolysis. 

The synthesis of a linear polyester from a cyclic acetal and a mixed anhydride of 
trifluoroacetic acid and a dibasic carboxylic acid depends on the presence of not more than 
two reactive acetal rings in the acetal. Since of the simple trialkylidenedioxy-derivatives 
of glucitol only the tri-O-methylene derivative contains a ring (2,4) completely resistant 
to acylating reagents, the investigation of polyester formation was begun with this 
derivative. The opening of the two labile rings (1,3- and 5,6-) with an adipic acid- 
trifluoroacetic anhydride reagent should produce a linear polymer, which after mild 
hydrolysis should contain two free hydroxyl groups per repeating unit of the chain. There 
is the possibility of an intramolecular reaction if the reactive acylating chain formed by 
the opening of one acetal ring attacked the other ring in the same acetal molecule; but 
since the cyclic derivative so formed would have to contain at least ten atoms, the 
occurrence of this reaction is unlikely in the general case and is highly improbable with 
tri-O-methyleneglucitol. A cyclic acetal with more than two labile rings would lead to 
branching in the polyester chain and the formation of a cross-linked product. 

Free alcohol groups in the polyester are desirable because of the higher absorption of 
water which is possible through hydrogen-bonding and because of the possibility of high 
dye-uptake. At some inconvenience these groups can be obtained in polymer molecules 
by the use, before polymerisation, of blocking agents which are subsequently removed, but 
by the trifluoroacetic anhydride method the hydroxy-polyester is obtained directly. 

To test the method with 1,3:2,4:5,6-tri-O-methylene-p-glucitol and adipic acid equi- 
molar quantities of the two reactants were dissolved in an excess of trifluoroacetic anhydride 
and left at room temperature for some hours. Volatile constituents were then removed 
under reduced pressure and the residue treated with aqueous sodium hydrogen carbonate. 
If the alkaline mixture was left for only a few hours before separating the insoluble product 
formed, it was found that the latter subsequently decomposed in the presence of 
atmospheric moisture liberating formaldehyde, thus showing that hydrolysis of the 
trifluoroacetoxymethyl groups was incomplete. Trifluoroacetic acid would also result 
from attack by atmospheric moisture, and might catalyse hydrolysis of the adipate ester 
groupings. This difficulty was overcome by continuing the alkali treatment for a few 
days, whereafter the insoluble polyester was stable to moisture. The polyester product 
was a colourless, brittle solid melting at 130—150° to a viscous liquid which could be 
drawn into brittle threads. The solid became swollen in some solvents and dissolved 
completely in pyridine. As expected, alkaline hydrolysis yielded adipic acid and 
crystalline 2,4-O-methylene-D-glucitol: the only other carbohydrate constituent detected 
by chromatography was a trace of glucitol. 

A linear polymer made up of alternate 2,4-O-methylene-p-glucitol and adipic acid units 
linked through ester groups was therefore indicated. 

The infrared absorption spectrum showed strong absorption by alcoholic hydroxyl 
groups at 3450 and 1075 cm. and by aliphatic carboxylate ester groups at 1726 cm. and 
in the region 1250 and 1180 cm. No absorption characteristic of fluorinated esters was 
detected. A weak band at 2770 cm. and a band at 1030 cm." indicated a cyclic ether. 
A medium band at 1565 cm. suggested the presence of the carboxylate ion which is also 
known to give rise to absorption at 1375 cm.1. When the polymer was boiled with 
N-hydrochloric acid for one minute and then dried at 90° the band at 1565 cm.1 
disappeared. No change in intensity was evident in the 1375 cm.*! region but this may 
be due to the high level of absorption in this range. If it is assumed that the absorption 
coefficients of the carboxylate ester and carboxylate ion group are the same, the ratio of 
the optical densities of the two groups indicates that there are ten ester to one carboxylate 
ion group. This result does not permit calculation of the average chain length of the 
molecules, however, since individual chains may have two, one, or no carboxylic end 
groups. 
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Viscosities of solutions of the polymer in pyridine were measured at different con- 
centrations and the intrinsic viscosity, [], was evaluated.* This is related to the average 
molecular weight, M, by the empirical expression [y] = KM + Ky, where the constants K 
and K, are calculated from the viscosity of a similar type of polymer of known molecular 
weight in the same solvent and at the same temperature. No values are available for a 
polyester in pyridine; using data for polydecamethyleneglycol adipates in chlorobenzene ? 
at 25° leads to a weight-average molecular weight of ca. 4900, corresponding to an average 
of 16 2,4-0-methylene-p-glucitol adipate residues per chain. 

If the same mechanism operates with adipic as with acetic acid,5 the ester groups in the 
polymer should be at positions 1 and 6 of the glucitol, giving the structure (I): 


6 

ZO CH 
CO CH, CH, (0 PIL Vek cae 
PE i de tc NO” 


3 
CH, CH, CO CH, OH Oy (1) 


The polymer has a softening point of 88°. Its molecular weight appears to be too low to 
provide a useful basis for a synthetic fibre but the method of synthesis does not preclude 
the formation of products of higher molecular weight. 


EXPERIMENTAL 


Reaction of Adipic Acid-Trifluoroacetic Anhydride with 1,3:2,4:5,6-Tri-O-methylene-p- 
glucitol.—Trifluoroacetic anhydride ! (7-6 ml., 6-0 mol.) was added to the acetal (2-0 g.) and 
adipic acid (1-34 g., 1 mol.); the solids dissolved rapidly with evolution of heat to give a viscous 
coloured solution. After 3 hr. at room temperature, the volatile constituents were removed 
at 40° under reduced pressure. Anhydrous carbon tetrachloride was added and the solution 
evaporated to remove remaining traces of volatile matter; this process was repeated twice and 
gave a viscous transparent residue (6-46 g.). 10% Aqueous sodium hydrogen carbonate (75 ml.) 
was added and the mixture left at room temperature for 72 hr. The insoluble residue was 
filtered off, washed with water, and dried in a vacuum-desiccator. The resulting colourless 
brittle solid (2-13 g.) softened to a viscous liquid over the range 110—120°. A second specimen, 
obtained by the same method, melted over the range 130—150°. The melt could be drawn 
into threads which became brittle on cooling. The solid swelled and then dissolved completely 
in pyridine; it also swelled in chloroform and benzene but did not dissolve completely in either. 
It did not dissolve or swell in water. The products of alkaline hydrolysis were obtained by 
refluxing the solid (0-49 g.) with 0-1N-sodium hydroxide (30 ml.) for 30 min. The solution was 
cooled, acid was added to give pH 8, the mixture was evaporated to dryness, and the solid 
residue extracted with boiling pyridine (soluble component, A). The insoluble residue was 
dissolved in water, and acid was added to give pH 4. After evaporation to dryness, the residue 
was again extracted with pyridine to give a soluble component, B. The extract containing A 
was evaporated to give a brown solid, an ethanol extract of which was shown by chrom- 
atography to contain 2,4-O-methylene-p-glucitol and a trace of glucitol; the former (0-1 g., 
33%) was obtained from the ethanol extract and had m. p. and mixed m. p. 161—162°, [{a},* 
—11-7° (c 0-64 in H,O). The extract containing B yielded a brown solid, soluble in water. 
The aqueous solution was brought to pH 9 and evaporated to dryness. Examination of the 
residue by paper chromatography showed the presence of adipic acid; the residue was con- 
verted into its S-benzylisothiouronium derivative (0-15 g., corresponding to a 52% yield of 
adipic acid from the polymer), m. p. and mixed m. p. 160°. Analysis of the polyester gave 
C, 47-6, and H, 6-7%. 

Viscosity and density determinations were carried out on solutions of the polymer in 
pyridine which were first filtered and analysed by titration with standard alkali. Viscosities 
were measured at 25-4° with an Ostwald viscometer * which had been calibrated with water. 
The viscosities of the pyridine solutions are recorded in the Table as specific viscosities, y,,, and 
relative viscosities, n,, where yj. = (7 — %o)/No = Nr — 1; 4 is the viscosity of the solution in 

® “* Physical Methods of Organic Chemistry,’”’ Vol: I, ed. A. Weissberger. Interscience Publ. Inc., 
New York, 1945. 

? Flory and Stickney, J. Amer. Chem. Soc., 1940, 62, 3032. 
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poises, and 7, that of pure pyridine; ¢ is the time of flow in seconds, c the concentration in 
g. of polymer per 100 ml. of pyridine solution, and p the density of the solution in g./ml. 


Viscosities of polymer solutions in pyridine at 25°. 


c t p 10°» Nsp Nr 

ER oo 225-4 0-9969 8-824 — —_ 

Pyridine ............ —- 229-6 0-9782 8-818 — _— 
yy ee ae 0-8405 262-3 0-9812 10-15 0-1510 1-1510 
— ere 0-4946 248-4 0-9806 9-564 0-08457 1-0846 
ee - ge er 0-1602 235-1 0-9801 9-050 0-02630 1-0263 


The intrinsic viscosity [4] of the polymer was determined by plotting »,,/c against cand measur- 
ing the intercept which the linear plot makes with the »,,/c axis. The value obtained was 0-165. 
Using the data for polydecamethyleneglycol adipates in chlorobenzene at 25° (see above) gives 
K = 2-12 x 105, Ky, = 0-06, from which, with [y] = 0-165, the calculated value of M is 
ca. 4900. 

Infrared Spectva.—These were determined at the research laboratories of British Nylon 
Spinners Ltd., Pontypool, Mon., where X-ray examination, moisture uptake, and softening 
points were also recorded. The authors are indebted to Dr. W. A. W. Cummings for arranging 
this work and for interpretations of the spectral results which were obtained on a Perkin-Elmer 
spectrometer with a sodium chloride prism. The sample was heated to 100° between sodium 
chloride plates and these were pressed together to give a film. 


Royat Hottoway CoLLeGce (UNIVERSITY OF LONDON), ; 
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588. Ring Scission of Cyclic Acetals. Part II. The Reactions of 
Di-O-methylenepentaerythritol with Carboxylic Acids and Trifluoro- 
acetic Anhydride. 


By T. G. Bonner, E. J. BourNE, and N. M. SAVILLE, 


The reaction of adipic acid and trifluoroacetic anhydride with di-O- 
methylenepentaerythritol appears to give a cross-linked polyester and not 
the expected linear product. The interpretation of this result is based on a 
study of the reaction using a monocarboxylic acid in place of adipic acid 
which shows that (i) partially esterified pentaerythritols tend to dispro- 
portionate in solutions of pH 9, and (ii) the trifluoroacetoxymethyl group is 
labile to an acylating reagent when linked to the oxygen atom of a primary 
alcohol group. 


WHEN a linear polyester was obtained from tri-O-methylene-p-glucitol by the action of 
trifluoroacetic anhydride and adipic acid,! the analogous reaction was studied with 
di-O-methylenepentaerythritol, which was expected to give products (A) and, after 
hydrolysis, (B). 

CF y*CO*O-CO[CHg]q°CO“O-CH, | /CHy'O*CO[CH,]¢CO“O-CH, | /CHyO"CO{CHg]y°COOCO-CF, 
(A) P= 
TO-CFi, ; SCH,*OT TO*CH, : \CH,OT 


n 


T = CHyO-CO-CF, 


(8) HO,C{CH,]¢CO-O-CH, { /CHgtO*CO+[CHg]y¢CO*O"CH,y | /CHyO°CO[CH4];°COZH 
HO-CFiy } \CHyOH HO*CAiy | \CH,OH 
- -/n 


Equimolar quantities of di-O-methylenepentaerythritol and adipic acid were dissolved 
in an excess of trifluoroacetic anhydride and left at room temperature for three hours. 
Evaporation of volatile constituents and treatment with aqueous sodium hydrogen 

* Part I, preceding paper. 
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carbonate solution, as before, gave a colourless, rubber-like solid which did not dissolve 
completely in any common organic solvent. It did not melt but charring began at 
ca. 300°. These properties were different from those of the linear polyester obtained 
from 1,3:2,4:5,6-tri-O-methylene-p-glucitol and suggested a cross-linked polymer. Alkaline 
hydrolysis of the polymer gave, as predicted, pentaerythritol and adipic acid in good 
yield. Viscosity measurements were not possible in absence of a suitable solvent; pyridine 
which had been in contact with the material was unchanged in viscosity. It was realised 
that the apparent branching of the polymer chain could be due to dipentaerythritol known 
to be present in technical pentaerythritol.2_ This would form di-O-methylenedipenta- 
erythritol containing two free hydroxy-groups which would be readily acylated to give a 
product having four active acylating centres. Purification of pentaerythritol by the 
standard procedure * produced a sample of higher m. p., but its di-O-methylene derivative 
had the same m. p. as that from technical pentaerythritol, and reaction with adipic acid 
and trifluoroacetic anhydride gave a similar colourless, rubber-like product. It seemed 
that the bismethylenedioxy-derivative had been effectively purified. 

Two explanations for the formation of a cross-linked polyester were considered: (i) that 
the acylating agent displaces trifluoroacetoxymethyl residues which thus do not serve as 
efficient blocking groups, and (ii) that a third or even a fourth adipate ester constituent is 
introduced into some of the pentaerythritol units in the chain during removal by mild 
hydrolysis of the trifluoroacetoxymethyl groups. To examine these possibilities simpler 
systems were first investigated, with a monocarboxylic acid in place of adipic acid. 


OCH, /CH,O RCOOCH, /CHyO-OC-R R‘COOCH, /CH,'O-OC-R 
Hic Sc¥ Sen, —— > 4 ou Tait 
No-cf, \CH,O TOCA, \CH,OT HO-CA, \CH,rOH 
-+ 
2RCOO-CO-CF, 


With benzoic acid-trifluoroacetic anhydride the product should be the known, crystal- 
line di-O-benzoylpentaerythritol. It was, however, an oil, alkaline hydrolysis of which 
gave pentaerythritol and benzoic acid. Reaction with acetic acid and trifluoroacetic 
anhydride followed by the usual hydrolysis gave an oil which was shown by chrom- 
atography to contain at least two esters. The preparation of the known compound, di-0- 
acetylpentaerythritol, was then carried out for a study of its stability to alkali and its 
Ry values. This preparation was revealing: mono-O-isopropylidenepentaerythritol is 
converted into its diacetate by acetic anhydride and sodium acetate, and the isopropylidene 
group is then hydrolysed by Nn/20-hydrochloric acid, the excess of acid being finally 
removed with silver carbonate.* Chromatography showed that isopropylidene- 
pentaerythritol diacetate contained only a trace of the tetra-acetate, but that the hydrolysis 
product contained three esters in addition to the tetra-acetate and some pentaerythritol, 
but no unchanged isopropylidene derivative. When the tetra-acetate was removed from 
the product, no more appeared to be generated on storage; when samples were then treated 
with aqueous solutions of pH <8 and the chloroform-soluble products examined by 
chromatography, no tetra-acetate was detected, but after treatment at pH 9—10 evidence 
of its presence was obtained, indicating that alkali-catalysed disproportionation of 
diacetate to tetra-acetate had probably occurred. Intramolecular acyl migrations in 
partially esterified polyols are known to be catalysed by traces of alkali; * while intra- 
molecular migration in a pentaerythritol ester would not yield a different ester, inter- 
molecular migrations could do so. The reaction of di-O-methylenepentaerythritol with 
acetic acid and trifluoroacetic anhydride was therefore repeated with the hydrolysis carried 
out in an aqueous solution buffered at pH 7; at this pH trifluoroacetoxymethyl groups 
should be removed without disproportionation of diacetate. The chloroform-soluble 


2 Berlow, Barth, and Snow, ‘‘ The Pentaerythritols,”’ Reinhold Publ. Corp., New York, 1958 
3 Orthner and Freyss, Annalen, 1930, 484, 147. 

‘ Pacsu, Adv. Carbohydrate Chem., 1945, 1, 108. 

> Moffat and Hunt, J. Amer. Chem. Soc., 1957, 79, 54. 
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material, however, again contained a mixture of three esters including the tetra-acetate, 
and the Ry values indicated the presence of the di- and tri-esters. Since our experiments 
indicate that these are not formed during hydrolysis at pH 7, they were presumably 
formed during acylation of the acetal, by displacement of trifluoroacetoxymethyl by 
acetyl groups after initial ring opening: 
AOC. JCHYOAc ACHy J CHyOAc 
TOCA, \CH,-OT AcO-CA, CHyOT 
T = CFyCO-OCH, 


—> (AcO°CH,),C 


No such reaction occurs with tri-O-methylene-D-glucitol; but there the trifluoroacetoxy- 
methyl groups are linked to oxygen atoms from secondary alcohol groups while in the 
pentaerythritol derivatives they are linked to oxygen atoms from primary alcohol groups. 
The preference of an acetylating agent for attack at a primary position is already 
established in the acetolysis of 1,3:2,5:4,6-tri-O-methylene-D-mannitol,* which gives 3,4-di- 
0-acetoxymethyl-1,6-di-O-acetyl-2,5-O-methylene-p-mannitol, and in the reaction of 
tri-O-methylene-p-glucitol with trifluoroacetic anhydride-carboxylic acid mixtures. It 
appears therefore that when trifluoroacetic anhydride and adipic acid are used, displace- 
ment of trifluoroacetoxymethyl groups in the initial linear polymer will lead to further 
reactive centres and thus to cross-linking. 

We next studied some benzylidene and isopropylidene derivatives. Tri-O-benzylidene- 
and di-O-isopropylidene-D-mannitol are converted by acetic acid and trifluoroacetic 
anhydride into mannitol hexa-acetate; ’7 the product from di-O-benzylidenepentaerythritol 
contained the tetra-acetate and smaller amounts of three other esters. Hydrolysis with 
dilute hydrochloric acid liberated benzaldehyde, suggesting that one ester was probably 
di-O-acetyl-O-benzylidenepentaerythritol. This compound was prepared by acetylation 
of mono-O-benzylidenepentaerythritol and had the same Ry value as one of the three esters 
just mentioned. Di-O-benzylidenepentaerythritol was also treated with trifluoroacetic 
anhydride and excess of acetic acid. This reagent opens methylene rings, as in acetolysis, 
with the formation of one acetate and one acetoxymethyl group per ring opened.? The 
product was similar to that obtained in the previous experiment but contained mostly the 
tetra-acetate and the di-O-acetyl-O-benzylidene derivative. Mono-O-benzylidenepenta- 
erythritol under the same conditions gave a similar mixture of esters. Thus, one acetal 
ring in the dibenzylidene compound is readily opened but the other acetal ring is more 
resistant, which is unusual since under comparable conditions no products containing 
intact benzylidene rings have been detected with the corresponding benzylidene hexitols. 
Examination of Catalin models provides an explanation. There is no steric hindrance to 
the approach of a reagent (unless very bulky) to any of the four ring-oxygen atoms of 
di-O-benzylidenepentaerythritol, but when the first benzylidene ring is opened the acetoxy- 
methyl groups introduced can hinder the approach of the mixed anhydride to the un- 
opened ring. The same situation can arise in mono-O-benzylidenepentaerythritol since 
the free alcohol groups are almost certainly more rapidly attacked than the acetal ring.’ 

With equimolar proportions of acetic acid and trifluoroacetic anhydride mono-O-iso- 
propylidenepentaerythritol gave a small yield of the tetra-acetate which was doubled 
when excess of acetic acid was used. Only traces of other esters could be detected and 
di-O-acetyl-O-isopropylidenepentaerythritol was not obtained. This behaviour is similar 
to that of isopropylidenehexitols which give low yields of the hexitol hexa-acetate under 
the same conditions. 


EXPERIMENTAL 
Detection of Products by Paper Chromatography.—The two solvents mainly employed were 
(a) water-saturated butan-l-cl, prepared by shaking the two liquids together for a few hours, 
cooling to 0°, and removing the organic layer, and (b) light petroleum (b. p. 60—80°) saturated 


® Ness, Hann, and Hudson, J. Amer. Chem. Soc., 1943, 65, 2215. 
? Bourne, Burdon, and Tatlow, J., 1959, 1864. 
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with dimethyl sulphoxide,* the stationary phase in the paper being the sulphoxide. With the 
latter solvent the paper is dipped in a 20% solution of the sulphoxide in benzene, pressed 
between absorbent paper, and dried for 1 min. at 60°; this treatment is repeated and the paper 
placed between glass plates to prevent absorption of water. After elution of a reaction product 
with the light petroleum solvent the paper is dried at 120° for 20 min. before being sprayed. 
Both solvents (a) and (b) were used with Whatman No. 1 paper. The most satisfactory spray 
for esters of pentaerythritol is the hydroxylamine reagent ® [a freshly prepared 1: 1 v/v mixture 
of methanolic hydroxylamine hydrochloride (6-95 g./100 ml.) and potassium hydroxide 
(6-17 g./100 ml.)}. After spraying, the paper is dried at a temperature and for a time depending 
on the reactivity of the ester, e.g., pentaerythritol tetra-acetate is detected only by heating to 
110° for 10 min. The paper is finally sprayed with a 1: 1 v/v mixture of aqueous ferric chloride 
and aqueous 0-5N-hydrochloric acid. Acetates and lactones appear as purple spots on a yellow 
background, but benzoates are not detected. The 2,4-dinitrophenylhydrazine spray } was 
used to detect benzylidene and isopropylidene derivatives. 

Reaction of Trifluoroacetic Anhydride—Adipic Acid with Di-O-methylenepentaerythritol.—The 
acetal (0-5 g.) and adipic acid (0-46 g., 1 mol.) were treated with trifluoroacetic anhydride 
(2-6 ml., 6-3 mol.) and left for 3 hr. at room temperature. The volatile constituents were 
removed at 40° under reduced pressure, carbon tetrachloride was added, and the solution again 
evaporated. This was repeated twice to give a colourless glass. Aqueous sodium hydrogen 
carbonate was added and after 4 days the insoluble residue was filtered off, washed with water, 
and dried. The rubber-like solid obtained (0-54 g.) did not melt but darkened at 300° (Found: 
C, 52-9; H, 75%). 

The product (0-13 g.) was hydrolysed with boiling 0-1N-sodium hydroxide, and the mixture 
evaporated to dryness. Extraction of the residue with boiling pyridine gave a soluble product, 
A, which after concentration of the pyridine solution was acetylated with sodium acetate and 
acetic anhydride, to give tetra-O-acetylpentaerythritol (0-08 g., 50%), m. p. 78—79°, mixed 
m. p. 79—80°. The residue from the pyridine extraction was dissolved in water, and the 
solution was acidified and evaporated to dryness. The residue was extracted with methanol 
and the solution shown to contain adipic acid [S-benzylisothiouronium salt (0-06 g., 68%), m. p. 
and mixed m. p. 161—162°]. 

Di-O-acetylpentaerythritol._(i) Mono-O-isopropylidenepentaerythritol was prepared by 
stirring together for 15 min. at room temperature pentaerythritol (10 g.), hydrochloric acid 
(d 1-18; 5-0 ml.), water (53 ml.), and acetone (202 ml.) and then refluxing the whole for 30 min. 
After 24 hr. at room temperature, the solution was treated with aqueous 25% sodium hydroxide 
to obtain a pH of 8 and then concentrated under reduced pressure, first at 50° and then at 70° 
(sublimation of the product occurs at higher temperatures). The dry residue was ground and 
extracted (Soxhlet), first with light petroleum (b. p. 40—60°) for 6 hr., then with ether for 
12 hr. The ether yielded colourless crystals (3-6 g., 28%), m. p. 126-5—127-5° (Rapoport ™ 
gave m. p. 126—-127° for isopropylidenepentaerythritol) (Found: C, 54:4; H, 9-3. Calc. for 
C,H,,0,: C, 54:5; H, 9-2%). 

(ii) Di-O-acetyl-O-isopropylidenepentaerythritol was obtained by refluxing the ketal 
(0-83 g.), sodium acetate (0-83 g., 2-1 mol.), and acetic anhydride (3-75 ml., 8-6 mol.) in chloro- 
form (16-6 ml.) for 1 hr. and leaving the mixture overnight at room temperature. The solution 
was filtered and evaporated, and the residue extracted with light petroleum (b. p. 60—80°); 
concentration of the extract gave the diacetate (0-94 g., 77%), m. p. 45—46° (Orthner and 
Freyss * gave m. p. 48—49°) (Found: C, 55-5; H, 7-7. Calc. for C,,H,,O,: C, 55-4; H, 7-7%). 

(iii) ‘‘ Di-O-acetylpentaerythritol ’’ was obtained by shaking the ketal diacetate (0-7 g.) 
with 0-05n-hydrochloric acid for 15 min.; after 1 hr. silver carbonate was added; the pH did 
not rise above 4. The mixture was filtered, concentrated under reduced pressure, and treated 
with hydrogen sulphide. As no silver sulphide separated, the black solution was shaken 
with charcoal and filtered, then concentrated and freeze-dried. From the residue ether removed 
a colourless oil (0-51 g.) from which a solid later separated. Chromatography with solvent (a) 
and the hydroxylamine spray reagent revealed constituents with Rp 0-67 and 0-81—0-89 (tetra- 
O-acetylpentaerythritol, Ry 0-94). With solvent (b) some of the product remained on the base 


® Wickberg, Acta Chem. Scand., 1958, 12, 615. 

* Abdel-Akher and Smith, J. Amer. Chem. Soc., 1951, 78, 5859. 

‘© Barker, Bourne, Foster, and Pinkard, Chem. and Ind., 1959, 226. 
11 Rapoport, U.S.P. 2,441,595 (Chem. Absir., 1948, 42, 7323d). 
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line; in addition, there was one constituent with Rp 0-27 (tetra-O-acetylpentaerythritol, 0-27). 
The tetra-acetate was separated from the product by elution on Whatman No. 3 paper with 
solvent (b). The base line was cut away and eluted with chloroform. The chloroform solution 
was concentrated to give an oil on which chromatograms were run after different time intervals; 
no disproportionation to tetra-acetate was detected in the oil itself. The oil was left in contact 
with aqueous solutions of different pH values (see below) for several hours, the mixtures were 
extracted with chloroform, and chromatograms run on the extracts, examination for tetra- 
acetate gave the following results: with 0-05n-hydrochloric acid or 1% sodium hydrogen 
carbonate (pH 7—8), none; with 10% sodium hydrogen carbonate (pH 9), a trace; with a 
sodium hydrogen carbonate—carbonate (pH 10), an appreciable amount. 

Reactions of Trifiuoroacetic Anhydride—Acetic Acid.—(i) With di-O-methylenepentaerythritol. 
A mixture of acetic acid (0-22 ml., 6-0 mol.), trifluoroacetic anhydride (0-55 ml., 6-3 mol.) and 
the acetal (0-10 g.) formed a homogeneous solution which was left at room temperature for 3 hr. 
Volatile constituents were removed to give an oil (0-31 g.) which was shaken for 2 hr. with an 
aqueous solution (80 ml.) buffered at pH 7 (phosphate) and then left at room temperature 
overnight. Chloroform-extraction yielded an oil A (0-04 g.); the aqueous layer was freeze- 
dried and the residue extracted with chloroform to give an oil B (0-09 g.); finally, the residue 
was extracted with pyridine to give a solution C. Chromatograms with solvent (a) showed that 
these three fractions contained constituents with Rp values: A, 0-79 and 0-87; B, 0-64 and 
0-79; C, 0-64 and 0-76. With this solvent pentaerytritol has Ry 0-45 and its tetra-acetate has 
Ry 0:94; with solvent (b), the tetra-acetate was detected in the oil A. The products therefore 
appear to be mono-, di-, tri-, and tetra-acetate. 

(ii) With di-O-benzylidenepentaerythritol. A mixture of acetic acid (0-37 ml., 20 mol.), 
trifluoroacetic anhyaride (0-9 ml., 20 mol.), and the acetal (0-1 g.) formed a red solution. After 
24 hr. at room temperature the volatile constituents were removed to give a dark oil (0-20 g.). 
This was hydrolysed as in (i), and extracted with chloroform to yield a yellow oil (0-13 g.), 
chromatography of which with solvent (a) revealed tetra-O-acetylpentaerythritol, and with 
solvent (b) three other products of Ry 0, 0-68, and 0-84. As one of these appeared to be di-O- 
acetyl-O-benzylidenepentaerythritol this ester was prepared by acetylation of mono-O-benzylidene- 
pentaerythritol (0-10 g.) with sodium acetate and acetic anhydride (procedure as above). It 
was a colourless oil which on chromatography with solvent (b) gave two compounds with Rp 
values of 0-05 (possibly the monoacetate) and 0-66 (cf. 0-68 above). Separation on a cellulose 
column (length 21 cm., diameter 1-5 cm.) with solvent (6) gave an oil (0-1 g.), chromato- 
graphically pure and corresponding to the diacetate (Found: C, 62:2; H, 7-1. CygH. 0, 
requires C, 62-3; H, 6-5%). 

(iii) With mono-O-isopropylidenepentaerythritol. Acetic acid (0-37 ml., 20 mol.), trifluoro- 
acetic anhydride (1-0 ml., 20 mol.), and the ketal (0-06 g.) gave a yellow solution which became 
redin 26hr. This was treated as in (ii), to yield an oil (0-14 g.) which partly crystallised; with 
solvent (b) chromatographic examination revealed tetra-O-acetylpentaerythritol and a product 
with Rp 0. Crystallisation from light petroleum (b. p. 60—80°) gave the tetra-acetate (0-014 g., 
14%), m. p. 78—79°, mixed m. p. 79-5—80°. 

Reactions of Trifluoroacetic Anhydride and Excess of Acetic Acid.—(i) With di-O-benzylidene- 
pentaerythritol. Acetic acid (1-90 ml., 100 mol.), trifluoroacetic anhydride (0-45 ml., 10 mol.), 
and the acetal (0-1 g.) formed a colourless solution which became yellow in 24 hr. Treatment 
with the aqueous buffer (pH 7) as above and chloroform-extraction yielded an oil (0-14 g.). 
With solvent (6) the chromatogram showed compounds with Ry, 0, 0-51, 0-71, and 0-82 (tetra-O- 
acetylpentaerythritol, Rp 0-51; di-O-acetyl-O-benzylidenepentaerythritol, 0-71). A similar 
chromatogram was obtained with mono-O-benzylidenepentaerythritol after the same treatment. 

(ii) With mono-O-isopropylidenepentaerythritol. Acetic acid (1-90 ml., 100 mol.), trifluoro- 
acetic anhydride (0-5 ml., 11 mol.), and the ketal (0-06 g.) gave a yellow solution, from which 
after 17 hr. a colourless oil (0-14 g.) was obtained. The chromatogram showed compounds 
with Rp 0, 0-49 (tetra-O-acetylpentaerythritol, Ry 0-49), and 0-78 (very faint). A light 
petroleum (b. p. 60—80°) extract of the oil yielded crystals of tetra-O-acetylpentaerythritol 
(0-026 g., 25%), m. p. and mixed m. p. 75—77°. 


The authors thank Dr. A. Lovecy and Mr. C. H. Miller for their interest. 
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Boron—Carbon Heterocyclic Compounds. Part I. Synthesis and 
Reactions of Perhydro-9b-boraphenalene. 


By N. N. GREENWooD and J. H. Morris. 


The tricyclic structure of perhydroboraphenalene (II) has been established 
and the physical and chemical properties of this compound have been com- 
pared with those of the tributylborons. Adducts of perhydroboraphenalene 
with ammonia, pyridine, and piperidine were studied and the infrared 
spectra of perhydroboraphenalene, cyclododecane, cyclododeca-1,5,9-triene, 
and cyclododecanetriol have been recorded. 


ALKYLBORONS were first prepared one hundred years ago! and have since then been 
extensively studied.2 However, cyclic organic compounds including boron in the ring 
have only recently been prepared and no systematic study of their properties has been 
reported. The present work was initiated to study the effect of ring size and ring 
substituents on the reactivity of the boron atom and to compare the properties of selected 
heterocyclic compounds with those of the corresponding open-chain compounds. At that 
time, only six compounds containing boron-carbon rings were known ** and these were 
distributed equally between 5-, 6-, and 7-membered rings. Further examples have since 
appeared 7" but little is known of the chemistry and information on physical properties 
is also meagre. 

In most cyclic boron-carbon compounds each boron atom occurs in one ring only. 
Lithium bis(diphenyleno) borate ® is the sole example in which a boron atom is common to 
two rings, and one tricyclic compound (II) has been mentioned. This compound, now 
named perhydro-9b-boraphenalene, was stated to be formed by addition of borine-triethyl- 


' 3 
3a 
4 


(1) (II) 


amine to cyclododeca-1,5,9-triene (I); it boiled at 131°/16 mm., was thermally stable, 
unreactive towards hydrogen and olefins, and extremely sensitive to air, and formed an 
addition compound with ammonia. We have confirmed the existence of perhydro- 
boraphenalene and report details of its synthesis and certain of its physical and chemical 
properties. 

Reaction between cyclododeca-1,5,9-triene (obtained by trimerising butadiene) and 
diborane yields a polymer and the tricyclic monomer (II). The yield of perhydrobora- 
phenalene was poor when diborane was added directly to cyclododecatriene at temper- 
atures between 20° and 100°, the main product being polymer. Yields increased when the 
reaction was carried out in carbon tetrachloride or trimethylamine, and considerable 
improvement resulted when triethylamine was used as solvent. The yield of perhydrobora- 
phenalene increased still further when cyclododecatriene was treated with separately 
Frankland and Duppa, Proc. Roy. Soc., 1860, 10, 568. 

Lappert, Chem. Rev., 1956, 56, 959. 

Torssell, Acta Chem. Scand., 1954, 8, 1779. 

Letsinger and Skoog, J. Amer. Chem. Soc., 1955, 77, 5176. 

Wittig and Herwig, Chem. Ber., 1955, 88, 962. 

Késter, Angew. Chem., 1957, 69, 684. 

Clark, Jones, and Stange, Abs. Papers, 133rd Meeting, Amer. Chem. Soc., 1958, p. 45x. 
Winternitz, Abs. Papers, 135th Meeting Amer. Chem. Soc., 1959, p. 19M. 

Késter and Reinert, Angew. Chem., 1959, 71, 521. 


Késter, Angew. Chem., 1959, 71, 520. 
Davidson and French, J., 1960, 191. 
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prepared borine-triethylamine i in carbon tetrachloride, and almost quantitative hydroboron- 
ation occurred at 110° in light petroleum or 2,2’-dimethoxydiethy] ether. 

The structure of the product was established by analysis, by molecular-weight determin- 
ation (cryoscopically in cyclohexane), and as follows. It had no infrared bands near 715 
and 795 cm. characteristic of the cis- and trans-double bonds of cyclododecatriene, but a 
new doublet appeared at 1129—1140 cm. close to the expected frequencies for the 14B-C 
and !©B-C asymmetric vibrations. Hydrolysis with alkaline hydrogen peroxide yielded 
cyclododecanetriol. 


Physical Properties.—Perhydroboraphenalene, n,** 1-5107, is a colourless, moderately 
viscous liquid, immiscible with de-aerated water but miscible with carbon tetrachloride, benzene, 
carbon disulphide, or cyclohexane. In the range 0—50° the density d', = 0-9619 — 7-69 x 1074. 
Its vapour pressure (Table 1) can be represented by the relation log p (mm.) = 7-848 — 2625/T. 
The heat of vaporisation is 12-0 kcal. mole™, the extrapolated b. p. ~255°, and the Trouton 
constant 22-7 cal. deg.-! mole. 


TABLE 1. Vapour pressure of perhydro-9b-boraphenalene. 

20-7° 39-5° 50-5° 60-2° 71-:2° 79-8° 90-8° 101-4° 109-9° 120-1° 130-2° 

> (mm.) 0-06 0-32 0-53 0-98 1-57 2-26 4-07 6-47 10-29 15-65 22-58 
The electron-acceptor strength of perhydroboraphenalene towards a variety of ligands was 
investigated. No complex with tetrahydrofuran could be detected by vapour-pressure 
measurements even at —40°. Water and triethylamine also failed to form complexes but 
1:1 adducts were obtained with arnmonia, pyridine, and piperidine. The vapour pressure— 
composition curve for the system perhydroboraphenalenc-ammonia at 20° is shown in Fig. 1 
and the dissociation vapour pressure of the viscous, liquid 1: 1 complex is given in Table 2. 
The data led to a linear plot, log » (mm.) = 6-835 — 1680/T, but the corresponding enthalpy 
change 7-69 kcal. mole cannot be taken as the heat of dissociation of the liquid complex into 


TABLE 2. Dissociation pressure of the complex C,,H,,B-N Hs. 
—10-0° 0-0° 10-0° 16-2° 20-0° 34-0° 40-0° 
2-73 4-79 7-52 10-26 12-47 22-53 29-63 
liquid perhydroboraphenalene and gaseous ammonia since it also incorporates the heat of mix- 
ing of perhydroboraphenalene with the comiplex and the heat of solution of ammonia in the 
liquid mixture. The complex solidified below 10°. 

The vapour pressure—composition curve for the system perhydroboraphenalene-pyridine at 
20° is also given in Fig. 1. The system exhibits an increasing dissociation pressure of pyridine 
at compositions above a mole ratio of about 0-7 and at the equimolar ratio this pressure is 
45mm. The 1: 1 complex is a white solid which melts over a range of temperature near 60°. 
The variation of its dissociation pressure as a function of temperature is given in Table 3. 


TABLE 3. Dissociation pressure of the complex C,,H,,B-C;H;N. 
—20-0° —15-0°  —10-0° — 5-0° 0-0° +5-0° 10-0° 15-0° 21-1° 
0-64 0-90 1-17 1-66 2-02 2-43 3-01 3-49 5-13 
48-5° 56-6° 66-2° 76-0° 82-4° 890° 99-7° 
6-79 11-60 16-25 23:25 36-5 45°5 62-3 94-3 
The Arrhenius plot has two limbs intersecting at 60°. The slope in the low-temperature region 
corresponds to 6-5 kcal. mole and that in the high temperature region to 11-0 kcal. mole™. 
The higher value for the liquid complex presumably implies that the heat of solution of the 
solid complex in liquid perhydroboraphenalene is greater than the heat of mixing of the liquid 
complex with perhydroboraphenalene by an amount which exceeds the heat of fusion of the 
complex. 


Discussion.—There are four possible cis-trans-isomers of cyclododeca-1,5,9-triene. 
Molecular models indicate thaf all can react to give perhydroboraphenalene but the all- 
trans-configuration (I) is the most convenient to use when representing the reaction in 
plane projection. As the length ! of a normal B-C bond (1-56 A) is almost identical with 

2 “ Tables of Interatomic Distances,” Chem. Soc. Special Publ. No. 11, 1958. 
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that of a C-C bond (1-54) the most stable conformation of perhydroboraphenalene 
should be that shown in Fig. 2. Each ring is in the chair configuration and the boron atom 
is 0-5 A above the plane of the three adjacent carbon atoms. In this conformation the 
distance between neighbouring axial hydrogen atoms is 2-5A. Appreciable strain is 
required to force the boron atom into the plane of the adjacent carbon atoms and, if this 
is done, the distance between axial hydrogen atoms is reduced to 2-35 A (provided that 
tetrahedral symmetry is maintained around each carbon atom). Another configuration 
of the molecule is possible in which the three-carbon bridge shown as between the two 
equatorial positions eg in Fig. 2 is attached at the axial positions ax. The chair conform- 
ation can be retained in each ring but the shortest H-H distance is only 1-8 A, implying 
considerable steric interference. 


Fic. 1. Dissociation pressure, at 20°, 
of (A) perhydro-9b-boraphenalene— 
ammonia and (B) —pyridine. 
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Fic. 2. Steric model of perhydvo-9b- 
boraphenalene. 
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The tricyclic perhydroboraphenalene (II) can be transformed into tri-n-butylboron by 
breaking three carbon-carbon bonds (3-3a, 6—6a, 9-9a) and adding six hydrogen atoms. 
The properties of the heterocycle might therefore be expected to resemble those of the 
trialkyl. Perhydroboraphenalene has a higher b. p. (255°) than has tri-n-butylboron 
(210°),4* and is less volatile at all temperatures above —30° (f ~ 10% mm.) despite its 
lower heat of vaporisation: 


perhydroboraphenalene: log # (mm.) = 7-848—2625/T; —AH,,,, = 12-0, kcal. mole 
tri-n-butylboron: ™ log » (mm.) = 8-797—2857/T; —AH,,). = 13-0, kcal. mole* 


Perhydroboraphenalene is the more stable to heat and does not decompose below 150° 
(at least), whereas the trialkyl yields }* trans-2-butene or but-l-ene and tetra-n-butyldi- 
borane above 100°. The electron-acceptor strength of tri-n-butylboron has not been 
investigated quantitatively but, like perhydroboraphenalene, it does not react with water 
or triethylamine.'® 

Scission of the three carbon-carbon bonds at positions 1-2, 4-5, and 7-8 leads to tri-s- 
butylboron but no properties of this compound have been reported. Though structurally 
less closely related to perhydroboraphenalene, tri-isobutylboron and tri-t-butylboron are 
known and have properties resembling those of the tricyclic compound to some extent. 

18 Booth and Kraus, J. Amer. Chem. Soc., 1952, 74, 1415. 

14 Skinner and Tees, /., 1953, 3378. 


18 Rosenblum, J. Amer. Chem. Soc., 1955, 77, 5016. 
16 Johnson, Snyder, and Van Campen, J. Amer. Chem. Soc., 1938, 60, 115. 
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Thus, tri-isobutylboron 1”-18 boils at 188° and has d? 0-7380, ,?25 1-41882 (perhydro- 
boraphenalene, b. p. 255°, df 0-9427, n,*! 1-5107), and tri-t-butylboron boils at 181-5° 
and forms no complex with triethylamine,’® but forms a liquid 1 : 1 adduct with ammonia ”° 
which has a dissociation pressure of 1-5 mm. at 0° and 13-3 mm. at 25° (perhydrobora- 
phenalene-ammonia: ) 4:8 mm., $2, 15-5 mm.). These comparisons indicate that 
perhydroboraphenalene resembles trialkyl borons of comparable molecular weight and 
that the main effect of placing the boron atom in a heterocyclic ring is to restrict the 
movement of the butyl groups, making the boron atom slightly less accessible for complex- 
formation. 


EXPERIMENTAL 


Intermediates and Solvents.—Solvents and reagents were dried by the usual procedures, 
fractionated in an atmosphere of dry, oxygen-free nitrogen, and handled subsequently either in 
a nitrogen-filled glove-box or by cold distillation in a vacuum-line. 

Diborane was obtained in 85% yield by addition of boron trifluoride—ethyl ether to lithium 
aluminium hydride in ether, in an apparatus similar to that described by Schlesinger et al.*! 
The gas had M 30-8 (calc., 27-7) and was pure (infrared spectrum) except for a trace of silicon 
tetrafluoride. 

Borine-triethylamine was prepared by direct addition of the stoicheiometric amount of 
diborane to triethylamine or by a modification of the method used to prepare borine—trimethyl- 
amine, namely: *2 Triethylamine hydrochloride (30 g.), dried by warming at 100° under 
reduced pressure, was placed with 50 ml. of ether in a three-necked flask, the apparatus flushed 
with oxygen-free nitrogen, and lithium borohydride (4 g. in 200 ml. of ether) added with stirring. 
Hydrogen was evolved according to the equation, Et, NHCl + LiBH, = LiCl + BH,;,NEt, + 
H,. After 1 hr. under reflux the solvent was distilled off and the product fractionated in the 
vacuum-line. The yield was almost quantitative. Borine-triethylamine was a colourless 
liquid, m. p. —3°, m,*! 1-4427, stable in air, miscible with carbon tetrachloride and carbon 
disulphide but immiscible with water. Because of its ready preparation, stability, and ease of 
handling either as liquid or as vapour, borine—triethylamine is a convenient laboratory source 
of the BH, radical. 

Cyclododeca-1,5,9-triene was synthesised from butadiene by Ziegler’s method,** the catalyst 
being prepared from titanium tetrachloride and diethylaluminium chloride.** After the 
product had been fractionated, pure cyclododecatriene was obtained having b. p. 99°/11 mm., 
m. p. —20° (lit.,2%25 b. p. 100°/11 mm., m. p. —18°) (Found: C, 88-8; H, 11:0%; M, 165. 
Calc. for C,,H,,: C, 88-8; H, 11-2%; M, 162); it had dj? 0-8925 and m,*° 1-5062. The infrared 
spectrum (see below) was identical with that obtained from authentic samples of cyclododeca- 
1,5,9-triene kindly supplied by Koninklijke/Shell Laboratorium, Amsterdam, and by Imperial 
Chemical Industries Limited, Billingham. 

Cyclododecane.—Catalytic hydrogenation of 1-574 g. of cyclododecatriene over palladised 
charcoal resulted in absorption of 714 ml. of H, (3C:C = 722 ml.). During the hydrogenation, 
crystals of cyclododecane were deposited; after recrystallisation from carbon tetrachloride they 
had m. p. 61-0° (lit.,2* 61-0°). 

Perhydro-9b-boraphenalene.—Borine-triethylamine (10-93 g., 0-1 mole) was dissolved in 
100 ml. of light petroleum in a 500 ml., 3-necked flask fitted with a mercury-sealed stirrer, 
reflux condenser, and dropping funnel. The apparatus was flushed with oxygen-free nitrogen 
and heated under reflux during the dropwise addition (2 hr.) of 15-62 g. (0-1 mole) of cyclo- 
dodecatriene in light petroleum (50 ml.). This minimised the possibility of polymerisation 
during hydroboronation. (It is Wet necessary to isolate borine-triethylamine; e.g., a solution of 

17 Krause and Nitsche, Ber., 1921, 54, 2784. 

8 Hurd, J. Amer. Chem. Soc., 1948, 70, 2053. 

1 Brown, J. Amer. Chem. Soc., 1945, 67, 1452. 

2° Brown, J. Amer. Chem. Soc., 1945, 67, 374. 

*t Schlesinger, Brown, Gilbreath, and Katz, J. Amer. Chem. Soc., 1953, 75, 195. 

*2 Schaeffer and Anderson, J. Amer. Chem. Soc., 1949, 71, 2143. 

3 Belgian Pat. 555,180. 

*4 Ziegler and Martin, Makromol. Chem., 1956, 18/19, 186. 


5 Wilke, Angew. Chem., 1956, 69, 397. 
*6 Ruzicka, Plattner, and Wild, Helv. Chim. Acta, 1946, 29, 1611. 
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lithium borohydride in 2,2’-dimethoxydiethyl ether can be added to a suspension of triethyl- 
amine hydrochloride in the same solvent; the mixture is heated to 110° and a solution of cyclo- 
dodecatriene in the same solvent is added slowly.) The product was then fractionated at 
reduced pressure to give a quantitative yield of perhydroboraphenalene (Found: C, 80-1; 
H, 12-1; B, 615%; M,185. Calc. for C,,H,,B: C, 81-9; H, 12-0; B, 615%; M, 176) (this 
boron analysis was the mean of 6-3% based on the weight of ash after combustion and 6-0% 
obtained by conductimetric titration of a solution prepared by vigorous oxidation of 
perhydroboraphenalene with concentrated nitric acid). The molecular weight was determined 
cryoscopically in cyclohexane (ky 20-2); rigorous exclusion of oxygen was essential. 

Cyclododecanetriol.—Perhydroboraphenalene (5 g.) was hydrolysed with alkaline hydrogen 
peroxide,?’ then extracted with ether, and the ether layer was re-extracted with water. Slow 
evaporation of the aqueous extract during several days yielded white crystals of cyclododecane- 
triol, m. p. 185° after recrystallisation [Found: C, 66-6; H, 11-2%; M (Rast), 246. C,,.H,,0, 
requires C, 66-6; H, 11-2%; M, 216]. The triacetate, recrystallised from aqueous alcohol, had 
m. p. 95° (Found: C, 62-8; H, 8-6; Ac, 36-7%; M (Rast), 330. C,H 390, requires C, 63-1; 
H, 8-8; Ac, 37-8%; M, 342]. 

Vapour-pressure Measurements.—Conventional vacuum-line techniques are inconvenient for 
handling a liquid such as perhydroboraphenalene which is involatile at room temperature 
(p = 0-06 mm. at 20°), and they were supplemented by use of a nitrogen-filled glove box. A 
known weight of perhydroboraphenalene was transferred to the manometer system, and suc- 
cessive amounts of ligand were then condensed in from a weighing tube or calibrated bulb. 
Pressure differences were measured with a cathetometer (0-01 mm.). For measurements above 
room temperature, where condensation was a problem, the whole apparatus was immersed in 
an electrically heated oil-bath in a transparent vacuum-flask, the mercury having previously 
been degassed im vacuo at 180°. Observed pressure differences at each temperature were 
corrected for the changing density of mercury. 

Infrared Spectra.—The infrared spectra of cyclododecatriene, perhydroboraphenalene, and 
cyclododecanetriol have not previously been recorded. The spectra of solutions of cyclo- 
dodecane agree with that recently published for the mqlten compound *§ at 81°. Spectra were 

.1 by use of a Unicam S.P. 100 Spectrometer. 

For liquid cis,cis,tvans-cyclododeca-1,5,9-triene,* the frequency (cm.) and, in parentheses, 
apparent ¢ values of bands having e > 15 were: 713 (61), 953 (38), 975 (93), 1017 (23), 1441 (56, 
sh), 1447 (61), 2847 (66), 2912 (107), 2930 (87), 2999 (40), 3030 cm. (17). There were no bands 
between 3050 and 8000 cm.*! but several weak bands (with ¢ 3—7) occurred between 375 and 
1700 cm." in addition to those listed above, viz., at 407, 606, 784, 796, 809, 870, 927, 1087, 1141, 
1197, 1216, 1312, 1345, 1410, 1470(sh), 1661, and 1675 cm.?. 

Cyclododecane was dissolved in carbon tetrachloride and in carbon disulphide in order to 
obtain a spectrum over the whole frequency range. The principal bands were at 722 (e 68), 
768 (23), 788 (41), 822 (10), 964 (13), 1044 (12), 1247 (13), 1308 (16), 1345 (25), 1362 (13), 1445 
(83), 1470 (130), 2679 (11), 2849 (140), 2862 (160), 2905 (170), 2932 cm. (340). 

Liquid perhydro-9b-boraphenalene had absorption bands (¢ > 15) at 831 (21), 937 (19), 
1090 (20), 1129 (49), 1140 (39), 1247 (17), 1272 (17, sh), 1280 (20), 1301 (35, sh), 1312 (55), 1329 
(42), 1349 (60), 1360 (59), 1368 (58), 1447 (58), 1459 (58), 2766 (28), 2844 (250), 2890 (200, sh), 
and 2915 cm. (290). In addition there was a large number of weaker bands (¢ 8—15): 673, 
790, 839 (sh), 857, 889, 981, 995, 1010, 1025, 1048, 1080(sh), 1148 (sh), 1178, 1197, 1222, 1600, 
2659, and 3001 cm.?. 


* It has been stated * that the titanium-containing catalyst used in the present work gives the 
cis,trans,trans-isomer though no evidence was cited to support this configuration. On the basis of infra- 
red intensity measurements we believe that the product is cis,cigjMens. Thus, the C-H out-of-plane 
deformation in trans-substituted olefins which occurs at 975 cm.“ has a fairly constant intensity 29 of 
132—141 1. cm. mole“, and polybutadienes formed by trans-addition have an intensity *° of 133 in 
CS,. Our ¢ values were 93 for a liquid film and 138 for solutions in CS,. The corresponding band in 
cis-substituted olefins (713 cm.-') is more variable in intensity but is always weaker than the ¢rans- 
band.* The observed intensity (¢ 61) therefore indicates that two of the three double bonds in cyclo- 
dodecatriene have the cis-configuration. 


27 Brown and Subba Rao, J. Amer. Chem. Soc., 1956, 78, 5694. 

28 Billeter and Gunthard, Helv. Chim. Acta, 1958, 41, 338. 

*® Bellamy, ‘“‘ The Infra-Red Spectra of Complex Molecules,’’ London, Methuen, 2nd edn., 1958. 
3° Silas, Yates, and Thornton, Analyt. Chem., 1959, $1, 529. 
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The spectrum of cyclododecanetriol (KBr disc) showed bands at 396 (6), 457 (7), 483 (6), 
513 (7), 530 (5), 538 (5), 756 (16), 849 (10), 901 (18), 933 (20), 952 (18), 962 (20), 996 (16), 1024 
(22), 1054 (19), 1082 (18), 1112 (14, sh), 1125 (18), 1157 (15), 1197 (16), 1264 (12), 1304 (14), 1352 
(16), 1372 (16), 1427 (17), 1450 (20), 1472 (23), 2679 (10), 2859 (27), 2920 (32, sh), 2948 (37), 
3308 cm. (broad 36). 


This research was supported by the European Office of the Air Research and Development 
Command, United States Air Force. 
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590. The Infrared Spectra of Deuterium Compounds. Part I. 
The C-H Stretching Bands of OMe and NMe Groups. 


By F. Datton, R. D. Hit, and G. D. MEAkrns. 


The assignment of specific bands in the CH stretching region of the infra- 
red spectrum to OMe and NMe groups ?? has been confirmed by examining 
compounds containing trideuteromethyl groups. 


PREVIOUSLY }? it was shown that attachment of a methyl group to oxygen or nitrogen 
causes displacement of the CH stretching bands from the positions normally found with 
hydrocarbons. This led to a spectrographic method for detecting methoxyl and various 
types of methyl- and dimethyl-amino-groups: the validity of the correlations proposed 
has now been confirmed by examining trideuteromethyl compounds. 

Trideuteromethyl bromide * was prepared via diacetyltartaric anhydride, carbon 
suboxide, tetradeuteromalonic acid, and tetradeuteroacetic acid. Although each step is 


known,‘ the procedures (see Experimental section) developed for the reaction of carbon 
suboxide with heavy water (dioxan as solvent) and for the decarboxylation of the deutero- 
malonic acid are simpler and more effective than previous ones. Reaction of the bromide 
with the sodium salts of cyclohexanol, phenol, and acetanilide (and subsequent acid 
hydrolysis in the last case) gave the trideutero-compounds whose infrared spectra are 
shown in the Figure. Comparison of methoxy- and [#H,|)methoxy-cyclohexane (curves 1 
and 2) supports the assignment ! of the 2975 and 2817 cm. bands to the methoxy-group, 
since these bands are absent from the spectrum of the deuterated compound. Similarly, 
the peaks at 2835 cm." in anisole (curve 3) and at 2814 cm. in N-methylaniline (curve 5) 
are shown to be the most useful ones for detecting these methyl groups. (The frequencies 
and intensities of the bands mentioned differ slightly from those previously reported: }»? 
the present results were obtained under higher dispersion and are therefore to be preferred.) 

The bands at 2933 and 2854 cm.* in methoxycyclohexane are primarily associated with 
the antisymmetric and symmetric CH stretching vibrations of the methylene groups. 
However, in the deuterated analogue these bands (particularly the higher-frequency com- 
ponent) are weaker, and it is unlikely that removal of the neighbouring methyl absorption 
is the sole cause of this effect. [The decrease (Ae = 70) in the 2933 cm.* peak is greater 
than the intensity (« = 55) of the adjacent methyl band.] This suggests that the methoxy- 
group in ethers, as in methyl esters,® gives more than two bands in the CH stretching 
region: the presence of at least three bands in the CD stretching region of [H,}methoxy- 
cyclohexane (see Fig.) supports this conclusion. 


1 Henbest, Meakins, Nicholls, and Wagland, J., 1957, 1462. 
* Hill and Meakins, J., 1958, 760. 
% Leitch and Nolin, Canad. J]. Chem., 1953, $1, 153; Leitch and Renaud, ibid., 1956, 34, 179. 


For references see Murray and Williams, ‘‘ Organic Syntheses with Isotopes,” Interscience 
Publishers Inc., New York, 1958, pp. 1262—1264. 


® Nolin and Jones, Canad. J. Chem., 1956, 34, 1382. 
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Absorption spectra of (1) methoxy- and (2) (*H;]methoxy-cyclohexane; (3) methoxy- and (4) (*H;]methoxy- 
benzene; (5) N-methyl- and (6) N-[*H,]methyl-aniline. 
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(The absorption scales are in mole 1. cm.*! units: for some bands the molecular extinction coefficients 
are given in parentheses under the peak frequency values.) 


EXPERIMENTAL 


(2H,|Acetic Acid.—A mixture of 99-5% deuterium oxide (5 c.c.) and pure dioxan (30 c.c.) 
was distilled (by using a vacuum manifold) into a reaction vessel cooled in liquid air. (The 
reaction vessel consisted of a round-bottomed 100 ml. flask sealed on toa condenser. The lower 
end of the condenser was tapered down and continued for a short distance inside the flask, 
finally being bent into a semicircle. This device prevented “ spluttering ’’ of the deuterated 
malonic acid during stages described below. A B14 cone was fitted to the upper end of the 
condenser, and the tubing from this cone continued upwards for a further 5 cm.) Carbon 
suboxide (6 g.; prepared by pyrolysing ® diacetyltartaric anhydride and purified by several 
distillations at 0-05 mm. through tubes packed with dry calcium oxide) was distilled into the 
cooled reaction vessel, which was then sealed off in vacuo above the Bl4 cone. After removal 
of the cooling bath, the vessel was allowed to warm to room temperature. The exothermic 
reaction which occurred was moderated by periodically cooling the vessel in acetone-solid 
carbon dioxide. When no more heat was evolved the vessel was kept at 20° for 24 hr., then 
cooled in liquid air, opened, and immediately connected to the manifold through the B14 cone. 
Volatile material was removed at 20°/0-05 mm., and the solid residue ({?H,]malonic acid) was 
kept at 60°/0-05 mm. for 4 hr. Dry air was admitted to the apparatus, and water was run 
through the condenser. The vessel was heated to 170° for 3 hr. to decarboxylate the [*H,]- 
malonic acid. Two distillations of the product at 0-05 mm. using receivers cooled in liquid air 
gave [*H, Jacetic acid (4-8 g.). 

Following Leitch’s procedure,® the acid was converted into [?H,]methyl bromide (80% 
yield), shown by mass analysis to contain 98 atoms % of deuterium. 

[*H,] Methoxycyclohexane.—A vigorously stirred mixture of powdered sodium (5 g.), cyclo- 
hexanol (50 c.c.), and dry ether (500 c.c.) was refluxed for 48 hr. under nitrogen. The resulting 
sodium salt was collected under nitrogen and washed with ether. Lumpy material was 
discarded, and the remaining powder was kept at 100°/0-05 mm. for 24 hr. to remove adsorbed 
cyclohexanol. A vessel containing the salt (2-44 g.) and ether (30 c.c.) was attached to the 
vacuum manifold and cooled in liquid air. [*H,]Methyl bromide (1-1 c.c.) was distilled 
(0-05 mm.) from a graduated flask into the suspension, and the vessel was then sealed off. 
After 2 weeks at 20° with periodic shaking, the mixture was filtered and the insoluble material 
washed with ether. The solution so obtained was treated with phosphorus pentoxide (5 g.) 
for 1 hr., filtered, and evaporated at 60° through a fractionating column. The residue was 


* Hurd and Pilgrim, ]. Amer. Chem. Soc., 1933, 55, 757. 
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distilled twice from sodium to give (H,)methoxycyclohexane (0-82 g.), b. p. 132—133°, shown 
by mass analysis to contain ~OC(*H,], 90; —OC(*H,]H, 6; —OC[*H}H, and -OCH;, 4%. No 
impurities were detected by gas-phase chromatography. 

(2H) Methoxybenzene.—Phenol (1-94 g.) was added to sodium ethoxide (from 0-46 g. of sodium) 
in ethanol (10 c.c.), and the sodium salt so obtained was dissolved in purified dioxan (60 c.c.). 
(?H,]Methy! bromide (2-2 g.) was distilled into the solution as described above. The containing 
vessel was sealed and kept at 80° for 2 hr. Addition of water (200 c.c.) containing sodium 
chloride (10 g.) and sodium hydroxide (2 g.), followed by extraction with ether (5 x 20c.c.), gave 
material which was dissolved in pentane and filtered through alumina (50 g.,Grade H). Evapor- 
ation of the solution, followed by two distillations of the product, gave [*H,]anisole (0-79 g.), 
b. p. 152—153°, n,** 1-5140; no impurities were detected by gas-phase chromatography. 

N-[?H,)]Methylaniline.—A solution of the sodium salt of acetanilide [from acetanilide (4-6 g.) 
and sodium (0-78 g.) in refluxing toluene (80 c.c.)] and [7H,]methyl bromide (3-55 g.) in dioxan 
(60 c.c.) was kept at 60° for 3 hr. Insoluble material was collected and washed with ether. 
Evaporation of the combined filtrates and crystallisation of the residue gave N-[*H,]methyl- 
acetanilide (2-9 g.), m. p. 99—100°, which was refluxed with 10N-hydrochloric acid for 5 hr. 
Basification with 4N-sodium hydroxide solution, extraction with ether, and two distillations of 
the product gave N-(*H,]methylaniline (1-9 g.), b. p. 193—194°, m,** 15700; no impurities were 
detected by gas-phase chromatography. 

Spectroscopy.—Approximately 0-1% solutions of the compounds in carbon tetrachloride 
were examined in l-mm. cells, on a Unicam S.P. 100 spectrometer fitted with a prism-grating 
monochromator. Under the conditions used, the spectral slit width was probably about 
5 cm.7. 


The authors are grateful to Dr. J. H. Baxendale for the mass analyses, to the Department 
of Scientific and Industrial Research for a grant (to F. D.), and to Manchester University for a 
research scholarship (to R. D. H.). 


THE UNIVERSITY, MANCHESTER, 13. 
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591. Dealkylation and Deacylation of Carbohydrate Derivatives 
with Boron Trichloride and Boron Tribromide. 


By T. G. Bonner, E. J. BouRNE, and S. McNALLy. 


The use of boron trichloride and boron tribromide is described for the 
deacylation and demethylation of mono-, di-, and poly-saccharide derivatives, 
the last two types being converted into the monosaccharide constituents. 

All the monosaccharides investigated are stable to the reagent, except 
fructose and sorbose which are both degraded to 5-hydroxymethylfurfur- 
aldehyde. 





THE oxygen atoms of ethers, esters, and many other derivatives of carbohydrates provide 
sites for co-ordination with electron-deficient molecules such as Lewis acids. Since some 
diversity of co-ordinating power can arise in a molecule through variation in polar character 
and steric environment of these basic oxygen centres there are clearly possibilities for 
effecting particular reactions at selected sites. Some initial studies with aluminium 
chloride were only partially successful because this reagent is difficult to separate from the 
products of reaction. Boron trichloride does not have this disadvantage and has proved 
to be a versatile reagent in carbohydrate chemistry, as has already been reported briefly. 
Although it is a gas at room temperature (b. p. 12°), boron trichloride is strongly reactive 
at temperatures well below its boiling point and can easily be handled in a medium such 
as a mixture of solid carbon dioxide and acetone (ca. —80°).2 One of its valuable uses is 
for removal of O-methyl groups from methylated sugars which provides a rapid and 


1 Allen, Bonner, Bourne, and Saville, Chem. and Ind., 1958, 630. 
* Gerrard and Lappert, /., 1951, 2545. 
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convenient method of identifying the monosaccharide units in a methylated polysaccharide, 
or in the methylated monosaccharides derived therefrom. The polysaccharide requires 
only partial methylation, sufficient to effect dissolution in the reagent, and partial 
acetylation is equally effective. A survey of this method of converting carbohydrate 
derivatives into the monosaccharide units present has been carried out for over 60 com- 
pounds and forms the main subject of this paper. Cyclic O-methylenedioxy-, O-ethylidene- 
dioxy-, and O-benzylidenedioxy-derivatives of hexitols also react with boron trichloride, 
giving the unsubstituted hexitol as the main product; the mechanism of this ring opening 
is the subject of a separate report. 

All the monosaccharides so far investigated are unchanged by prolonged contact with 
boron trichloride, except fructose which, whether free or part of a higher saccharide, is 
always substantially converted into 5-hydroxymethylfurfuraldehyde; only traces of 
fructose itself survive. 

The formation of oligosaccharides in some reactions indicated that boron trichloride 
can initiate syntheses in some cases; @.g., with methyl «-D-glucoside co-ordination at the 
glycosidic oxygen could lead to the formation of a glucosyl cation, the hemiacetal character 
of a glucoside providing resonance stabilisation through the ring oxygen atom adjacent 


Oy 1e) 
ad +—-H + MeO-BCI; 
OMe 
¥ 
BCI, 


to Cq. The ionic complex may undergo conversion into glucosyl chloride and methoxy- 
boron dichloride but under suitable conditions either form should behave as a glucosylating 
agent. This possibility has been investigated by removing the excess of boron trichloride 
from the product of its reaction with methyl «-p-glucoside and adding an excess of a 
suitable substrate. The expected products have been obtained witli benzene, phenols, 
and glucose, the last forming a number of disaccharides. This synthetic use of boron 
trichloride is being investigated further. 

Reactions with boron trichloride are conveniently carried out in dichloromethane 
which is inert and easily removed. Few solvents are suitable since the reagent co-ordinates 
readily with any electronegative centre in the solvent molecule and even if there is no 
subsequent decomposition the complex formed is usually non-volatile. The only other 
solvents which appear to have found use are n-pentane ? and tetrahydropyran.* Reaction 
of a substrate with boron trichloride requires a homogeneous environment. This is 
sometimes achieved without the addition of a solvent, dissolution gradually occurring in 
the boron trichloride as the temperature rises from ca. —80° to room temperature. Where 
dissolution did not occur, boron tribromide (b. p. 92°) often provided an alternative. 
Disaccharides, in particular, which were recovered unchanged from prolonged contact 
with boron trichloride underwent partial dissolution in boron tribromide with the expected 
scission at the glycosidic linkage. Boron tribromide was also more effective in the reaction 
with tri-O- and tetra-O-methyl-p-glucose, almost complete demethylation being effected 
in a single treatment in both cases, in contrast to the formation of some partly methylated 
derivatives in the reaction with boron trichloride. 

In the general procedure, the reactants and solvent were mixed at ca. —80°, allowed 
to attain room temperature, and left overnight. After removal of excess of boron tri- 
chloride and dichloromethane, and treatment of the residue with methanol or silver 
carbonate, the product was isolated and examined by paper chromatography in several 
different solvents; where desirable, separation by ionophoresis in a borate buffer was also 


3 Bonner and Saville, J., 1960, 2851. 
* Brown and Tierney, J. Amer. Chem. Soc., 1958, 80, 1552. 
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used. The results reported in detail in the Table are based on a qualitative examination 
only of 1—10 mg. amounts of substrate. 
Methylated monosaccharides form the monosaccharide as the chief product (see Table), 


Substance 


Methylated sugars 
2,3,5-Tri-O-methyl-L-arabinose 
2,4-Di-O-methyl-L-arabinose 
Me 2,3,4-tri-O-methyl-«-L-fucoside 
2-0-Methyl-L-fucose 
2,3,4,6-Tetra-O-methyl-p-galactose and 
3,4-di-O-methyl-L-rhamnose 
2,3,4,6-Tetra-O-methyl-p-glucose 


2,3,6-Tri-O-methyl-p-glucose 


Me 2,3-di-O-methyl-a-p-glucoside 
3-O-Methyl-p-glucose 
2,3,4,6-Tetra-O-methyl-p-mannose 


3,4-Di-O-methyl-D-mannose monohydrate 
Di-O-methylsucroses 


3-O-Methyl-p-xylose 
Methylated amylopectin 


Methylated cellulose 


Glycosides 
Me f-p-arabinoside 
Me «a-p-fructofuranoside 


Me «-p-galactoside 

Me B-p-galactoside 

Me a-p-glucoside 

Me B-p-glucoside 

Ph a-p-glucoside 

Ph B-p-glucoside 

Quinol B-p-glucoside (arbutin) 

o-Hydroxymethylphenyl f-p-glucoside 
(salicin) 

Me a-D-mannoside 

Me a-L-rhamnoside 

Me £-p-riboside 

Me a-p-xylofuranoside 


Acetals and ketals 
4,6-O-Benzylidene-p-glucose 

Me 4,6-O-benzylidene-«-D-glucoside 
1,2:5,6-Di-O-isopropylidene-p-glucose 
1,2-0-Isopropylidene-p-glucose 
2,3:4,5-Di-O-isopropylidene-p-fructose 


Acetylated sugars 
Octa-O-acetylgentiobiose 
Penta-O-acetyl-8-p-glucose 
Octa-O-acetylsucrose 


Acetylated amylopectin 
Acetylated cellulose 


Anhydro-sugars 

1,6-Anhydro-B-p-galactopyranose 

1,6-Anhydro-«-p-galactofuranose 

1,6-Anhydro-B-p-glucopyranose «- 

1,6-Anhydro-B-p-gulopyranose 

1,6-Anhydro-8-p-mannopyranose 

Me 2,3-anhydro-4,6-O-benzylidene-«-p- 
mannoside 

Me 2,3-anhydro-f-t-riboside 


Principal product 


Arabinose 
Arabinose 
Fucose 
Fucose 


Galactose, rhamnose 
Glucose 
Glucose 


Glucose 
Glucose 
Mannose 


Mannose 

Glucose, 5-hydroxymethyl- 
furfuraldehyde 

Xylose 

Glucose 


Glucose 


Arabinose 
Fructose, 5-hydroxymethyl- 
furfuraldehyde 
Galactose 
Galactose 
Glucose 
Glucose 
Glucose, phenol 
Glucose, phenol 
Glucose, quinol 
Glucose, saligenin 


Mannose 
Rhamnose 
Ribose 
Xylose 


Glucose 

Glucose 

Glucose 

Glucose 

5-Hydroxymethylfurfur- 
aldehyde 


Glucose 

Glucose 

Glucose, 5-hydroxymethyl- 
furfuraldehyde 

Glucose 

Glucose 


Galactose 
Galactose 
Glucose 

Gulose 

Mannose 

2-3,2-5 (Reannose) 


0-7, 1:7 (Repose) 


Other products * 


Oligosaccharides, 2-7tt,3-8tt 

1-4tt 

0-9 ¢ "(Re) 

Oligosaccharides, 2-O-methyl- 
fucose t+ 

0-88 ¢ (Rp) 


Mono-, di-, and tri-O-methyl- 
glucoses 

Mono- and di-O-methyl- 
glucoses, 0-77 ¢ (Rg) 

Mono-O-methylglucoses f 

3-O-Methyl-p-glucose t 

0-37, 0-52, 0-61 ¢, 0-74, 0-93 


(Re) } 
0-40, 0- 56 (Ra) ¢ 
Fructose, di- 0: -methyl- 
sucroses ft 


Mono- and di-O O- -methy! 1- 
glucoses 

Mono- and di-O-methyl- 
glucoses 


Me f-p-arabinoside t¢ 


Oligosaccharides + 


Oligosaccharides + 


Fructose ¢ 


Gentiobiose, 1-15, 1-54 
2-7, 5-0 t 
2-4 t 


Oligosaccharides, 1-9, 2- 
Oligosaccharides, 1-9, 2- 


“2 
2 


Oligosaccharides 
Oligosaccharides 
Oligosaccharides 
Oligosaccharides 
Oligosaccharides 
4-7 T (Rmannose) 
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Substance 
Monosaccharides 
L-Arabinose 


p-Galactose 
p-Glucose 
p-Lyxose 
p-Mannose 
L-Rhamnose 
D-Xylose 
p-Fructose 


L-Sorbose 


Disaccharides 
Lactose 
Maltose 
Melibiose 
Sucrose 


Turanose 


Miscellaneous 
Raffinose 


TABLE. (Continued.) 


Principal product 


Arabinose 


Galactose 

Glucose 

Lyxose 

Mannose 

Rhamnose 

Xylose 

5-Hydroxymethylfurfur- 
aldehyde 

5-Hydroxymethylfurfur- 
aldehyde 


Galactose, glucose 

Glucose 

Galactose, glucose 

Glucose, 5-hydroxymethyl- 
furfuraldehyde 

Glucose, 5-hydroxymethyl- 
furfuraldehyde 


Galactose, glucose, 5-hydr- 
oxymethylfurfuraldehyde 


Other products * 


Oligosaccharide f, 2-4 ¢ 


(RF glucose 


0-90 t (Rp) 

Sorbose 

Lactose 

Maltose 

Melibiose +, 1-6 t (Rgtacose) 


Sucrose ft 


Fructose ¢ 


Fructose ft 


Inulin 5-Hydroxymethylfurfur- 
aldehyde 
Nitrocellulose Glucose 
Me 4,6-O-benzylidene-2,3-di-O-methyl-«- | Glucose 
p-glucoside - 
Me 4,6-O-benzylidene-2-0-p-toluene 57 (Retucose) 
sulphonyl-«-p-glucoside 


* Unless otherwise stated, unidentified products are indicated by FR, values in butanol-ethanol- 
water (4: 1:5), where x refers to the principal product irf each case. Rg indicates that 2,3,4,6-tetra- 
O-methyl-p-glucose is the reference compound. 

+t Traces only present. { Probably partially methylated products. * Solvent propan-i-ol- 
ethyl acetate—water (7: 1: 2). 


0-38,-2-1, 3-6.t 

Mono- and di-O-methyl- 
glucoses, 0-70 ¢ (Rg) 

Glucose ¢ 


and frequently any other formed is only present in traces. Highly methylated sugars that 
are not completely demethylated in a single treatment with boron trichloride give the 
expected partially methylated derivatives which in some cases were identified chromato- 
graphically; when authentic compounds were not available for comparison, the Rp values 
of the products clearly indicated this type of derivative. In the case of the monomethyl 
product from 2,3,4,6-tetra-O-methyl-p-glucose, elution from the paper on which it was 
separated and examination of the eluted product by ionophoresis established that no 
selective demethylation had occurred. The Mg values of 0-21 and 0-81 (with values of 
0-26 and 0-82 in a duplicate determination) indicate the presence of either or both 2- 
(Mg 0-23) and 4-O0-methylglucose (Mg 0-24), and of either or both the 3- (Mg 0-82) and 
6-O-methylglucose (M, 0-82).5. The two methylated polysaccharides gave mainly glucose 
as expected, with some mono- and di-O-methylglucose. Di-O-methylsucrose is converted 
into glucose and 5-hydroxymethylfurfuraldehyde; the latter showed the same chromato- 
graphic behaviour as the product obtained on a preparative scale directly from the same 
treatment of fructose. The structure of this product was established by comparison of 
its ultraviolet absorption spectrum with that of an authentic specimen and by conversion 
by mild oxidation into 5-hydroxymethyl-2-furoic acid. Stoicheiometrically, the reaction 
involves loss of three molecules of water from fructose. Mechanisms have been proposed 
for this dehydration when brought about by acids® and by iodine in dry dimethyl- 
formamide.’ In the latter reaction, the presence of the furanoside ring and of the attached 
hydroxy- and hydroxymethyl groups at the tertiary carbon atom at position 2 provide 


* Foster, J., 1953, 982. 
* Haworth and Jones, J., 1944, 667. 
7 Bonner, Bourne, and Ruszkiewicz, J., 1960, 787. 
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a plausible route for the progressive elimination of three molecules of water. A similar 
scheme for the interaction with boron trichloride could be formulated based on the 
formation of a carbonium ion at Cy) similar to that of the glucosyl ion (above), followed by 
elimination of a proton at C,,) togive an aldehyde group; the aldehyde group would assist 
the elimination of the second and third molecules of water from positions 2,3 and 4,5 by 
resonance stabilisation through conjugation with the olefinic bonds so formed, as in the 
jodine reaction. 

Glycosides, acetals, and ketals are converted almost exclusively into the parent sugar 
(accompanied on chromatograms by the corresponding aglycone in the case of the phenyl 
glucosides), except when a fructose unit is present. Acetylated sugars behave similarly, 
but small amounts of subsidiary products are formed which appear to be incompletely 
deacetylated derivatives; oligosaccharides appear in addition with cellulose and amylo- 
pectin acetates. Nitrocellulose also gives glucose as the main product, with smaller 
amounts of other derivatives. The behaviour of 1,6-anhydro-sugars contrasts with that of 
2,3-anhydro-compounds. The former react normally with boron trichloride, but neither 
of the 2,3-anhydro-sugars examined gave detectable quantities of the parent sugar, the 
chief products in both cases having Ry values well removed from the expected values. 
Chloro-sugars may be formed with these substrates and this possibility is being examined. 
No evidence has been obtained that any monosaccharide formed as the principal product 
in the reaction of boron trichloride with its derivatives itself undergoes detectable 
degradation with this reagent under the experimental conditions reported in the Table. 
The effect of boron tribromide was examined when no dissolution in boron trichloride was 
apparent, but no differences in the type of reactivity of the two reagents were observed. 
p-Fructose forms 5-hydroxymethylfurfuraldehyde with both reagents; this product is 
also obtained by the action of boron tribromide on L-sorbose, which is not soluble in boron 
trichloride. 

The disaccharides investigated, together with raffinose, did not dissolve in or react 
with boron trichloride, but reaction occurred with boron tribromide in all cases, with 
fission into the expected monosaccharide units; as expected, 5-hydroxymethylfurfur- 
aldehyde appears in the products from sucrose, turanose, and raffinose with only traces of 
fructose. This was the only product from inulin which, in contrast to the other three 
substrates, reacts with boron trichloride. 

One type of sugar derivative which is being investigated further is that containing the 
toluene-f-sulphonyl group. Only a trace of glucose was obtained from methyl 4,6-0- 
benzylidene-2-O0-toluene-p-sulphonyl-«-D-glucoside, the main product having a high Ry 
value. Unless there is some particular effect exerted by the toluene-p-sulphonyl group, 
the a-methyl and benzylidene groups should be completely removed by the reagent; the 
product might then be the monotoluene-f-sulphonyl ester. If this is the case, it should 
be possible to demethylate methylated toluene-p-sulphonic esters of sugars with retention 
of the ester group. 


EXPERIMENTAL 

Materials.—Commercial methanol was used without purification. 

Boron trichloride was handled as described elsewhere. Boron tribromide (b. p. 92°) was 
distilled before use. Dichloromethane was washed with 5% aqueous sodium carbonate and 
water, dried (CaCl,), and distilled, the fraction boiling at 39-5—41° being collected. 

Paper Chromatography and Paper Ionophoresis.—Paper chromatography was carried out 
on Whatman No. 1 filter paper, with the following solvents (the organic phase being used where 
two phases form): (1) butan-l-ol-ethanol—water (4: 1: 5); (2) propan-l-ol-ethyl acetate—water 
(7: 1:2); (3) butan-l-ol-benzene—pyridine—-water (5: 1:3: 3), (4) ethyl acetate-acetic acid- 
water (9:2:2); (5) butan-l-ol-acetic acid-water (4:1:5). The sprays most commonly 
used to detect the sugars and their derivatives were: (1) silver nitrate and ethanolic sodium 
hydroxide; (2) p-anisidine hydrochloride; (3) aniline hydrogen phthalate; (4) urea hydro- 
chloride; (5) diphenylamine, aniline, and phosphoric acid; (6) 2,4-dinitrophenylhydrazine and 
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hydrochloric acid; (7) «-naphthol and phosphoric acid; (8) phloroglucinol and trichloroacetic 
acid; (9) potassium periodatocuprate.® 

Paper ionophoresis was carried out on Whatman No. 3 paper in borate buffer (0-2m) at 
pH 10-0. 

Interaction of Sugar Derivatives and Boron Trichloride—The sugar derivative (I—10 mg.) 
was dissolved or suspended in dry dichloromethane (1—2 ml.) and cooled in acetone-solid 
carbon dioxide. Boron trichloride (1—2 g.), cooled to —80°, was then added. The mixture 
was kept at —80° for 30 min., then allowed to warm to room temperature and kept for 16 hr. 
under anhydrous conditions. Substances which were insoluble in dichloromethane initially 
frequently became soluble as the mixture attained room temperature. Any solvent or boron 
trichloride remaining was removed under diminished pressure at room temperature. The 
glassy residue was treated by adding either (2) methanol (3 x 3 ml.) and evaporating to dryness 
under diminished pressure after each addition or (b) an aqueous suspension of silver carbonate 
to neutralise the solution, filtering from the insoluble silver salts, and freeze-drying the aqueous 
filtrate. The residue in either case was dissolved in a small amount of methanol or water and 
examined by paper chromatography and paper ionophoresis. 

Interaction of p-Fructose and Boron Trichloride.—Boron trichloride (10 g.) was added to a 
suspension of p-fructose (1-6 g.) in dichloromethane at — 80°. After 30 min. at —80° and 16 hr. 
at room temperature excess of boron trichloride and of dichloromethane was removed and the 
product treated by the silver carbonate method. On examination by paper chromatography 
(with solvents 1, 2, 3, and 5) and by paper ionophoresis, the principal product could not be 
distinguished from authentic 5-hydroxymethylfurfuraldehyde. This product was purified by 
chromatography on several sheets of thick paper (Whatman No. 3) in solvent 1. The papers 
were viewed under ultraviolet light, which rendered 5-hydroxymethylfurfuraldehyde visible. 
The appropriate sections were cut into thin strips and extracted with ether (Soxhlet). Concen- 
tration of the extract gave a syrup (0-4 g.) which was shown to be pure 5-hydroxymethyl- 
furfuraldehyde by chromatography and by oxidation with silver oxide (1 g.) and sodium 
hydroxide (1-6 g.) in water to 5-hydroxymethyl-2-furoic acid (0-37 g.), m. p. and mixed m. p. 
165°. A solution of the sample in water had the same ultraviolet absorption spectrum as a 
pure sample of 5-hydroxymethylfurfuraldehyde.°® 


The authors are indebted to the Department of Scientific and Industrial Research for the 
award of a Scholarship (to S. McN.), to the Royal Society for financial assistance, and to many 
friends for samples. 


Royat Ho.titoway CoLiLeGe (UNIVERSITY OF LONDON), 
ENGLEFIELD GREEN, EGHAM, SURREY. [Received, February 22nd, 1960.} 


8 Bonner, Chem. and Ind., 1960, 345. 
* Wolfrom, Schuetz, and Cavalieri, J. Amer. Chem. Soc., 1948, 70, 514. 


592. The Infrared Vibrations of a s-Butyl Group attached to an 
Aromatic Ring. 


By N. A. PuTTNAM. 


s-Butyl groups attached to an aromatic ring show weak bands at 957 + 2, 
995 + 3, and 1016 + 1 cm.? which appear to be characteristic. These 
correlations are useful in studies of aromatic rearrangements involving butyl 
groups. 


Tue strong out-of-plane C-H deformation modes (650—1000 cm.) and the relatively 
weak in-plane deformation modes (950—1225 cm.) of benzene derivatives are well 
known.2 The methyl rocking frequencies also occur within this latter range, as described 
by Sheppard and Simpson.? Randle and Whiffen‘ reported that an isolated aromatic 
1 Bellamy, ‘‘ The Infrared Spectra of Complex Molecules,’’ Methuen, London, 1958. 
2 Randle and Whiffen, Paper No. 12, Conference on Molecular Spectroscopy, 1954, Institute of 
Petroleum, p. 111. 


* Sheppard and Simpson, Quart. Rev., 1953, 7, 19. 
* Randle and Whiffen, J., 1955, 3497. 
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methyl group gave rise to a characteristic absorption at ca. 1040 cm.", while, in ortho- 
dimethyl compounds, two bands appeared at ca. 995 and 1022 cm.1. 

This paper records some observations made on a series of Compounds containing s-butyl 
groups where it was noticed that weak absorptions occurred iff the region 950—1020 cm.* 
when the s-butyl group was attached to an aromatic ring. 


TABLE 1. Monoalkylbenzenes. Frequencies in cm. (e,). (Values of e, less 


than 5 not recorded.) 
Ring 
Subst. y(CH) y(CH) vibration B(CH) 
Et 902(7) 964 1002 1029(19) 
1028(20) ¢ 
907(9) 1030(15) 
1029 > 
904(7) 1027(16) 
1029 5 
903(9) 1029(23) 
1031 5 
905(8) 955(7) 994(9) 1002 1015(10) —1030(14) 
1031 5 
904(6) 923 1002 1031(26) 
1032 5 


Table 1 records the frequencies and apparent molecular extinction coefficients (e,), 
which are comparable amongst themselves although different from the true molécular 
extinction coefficients, for a.series of monoalkylbenzenes (Nos. 1—6) over the range 
900—1030 cm.*}. 

The band at 1030 cm.* in s-butylbenzene was ascribed by Randle and Whiffen 5 to an 
in-plane C-H deformation, and the band at 1002 cm.* is the ring vibration reported by 
them ? at 1001 + 4.cm.+(v). They reported an out-of-plane C-H deformation at 908 + 
10 cm. (mw), which is the 905 cm. band of s-butylbenzene. Two more out-of-plane 
C-H deformations were reported by them at 962 + 6 cm. (w) and 982 + 6 cm. (vw), 
neither of which was detected by Katritzky and Lagowski.* The former is undoubtedly 
the 964 cm. band in Nos. 1 and4. By comparison of e, values for Nos. 1 and 4 (7.e., 2 and 3 
respectively), the 955 cm.! band of s-butyibenzene does not appear to arise from this type 
of vibration. 

Table 2 records similar data for polysubstituted benzene derivatives over the range 
910—1035 cm.. Compounds having a methoxy-group exhibited a very strong band at 
1020—1037 cm. due to the C-O stretching, reported by Katritzky and Coats? at 1034 + 
8cm."; further, compounds with an isolated methyl group exhibited a weak band at 
1035 + 5 cm. due to the methyl rocking mode; these bands have not been recorded in 
the Table. 

In ortho-disubstituted benzene derivatives (Nos. 7—13) the out-of-plane C-H deform- 
ation occurring ? at 934 + 11 cm.+ (w) was shown by all except No. 7, and the in-plane 
mode occurred within the limits quoted. In Nos. 11 and 12 it was hidden by the very 
strong v(C-O) absorption of the methoxy-group. Another out-of-plane (C-H) deform- 
ation reported ? at 977 + 9 cm. (w) was missing in No. 9. The bands at ca. 957 cm.* or 
ca. 994 cm.! in Nos. 12 and 13 may arise from this vibration. 

The in-plane C-H deformation of para-disubstituted benzene derivatives (Nos. 14—21) 
occurred close to the value (1013 + 5 cm.) quoted by Katritzky and Simmons ® for 
compounds with an alkyl group and an electron-donating group as substituents. The 
out-of-plane C-H deformation ? at 961 + 12 cm. (w) was missing in Nos. 14—16. This 
may be the origin of the bands at ca. 956 cm.*! in Nos. 20 and 21 but they are considerably 
stronger than those in Nos. 17 to 19. 

® Randle and Whiffen, Trans. Faraday Soc., 1956, 52, 9. 

* Katritzky and Lagowski, J., 1958, 4155. 


* Katritzky and Coats, J., 1959, 2062. 
* Katritzky and Simmons, /J., 1959, 2051. 
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In 1,2,4-trisubstituted benzenes (Nos. 22—34) an out-of-plane C-H deformation, an 
in-plane C-H deformation, and a ring vibration were shown by all the compounds, in 
agreement with values quoted by Randle and Whiffen * at 929 + 11 (w), 1033 + 10 (m) 
and 1001 + 4 cm.* (w) respectively. 


TABLE 2. Polysubstituted benzenes. Frequencies in cm. (e,). (ea values less 
than 5 not recorded.) 
ortho-Disubstituled 


No. Subst. y(CH) y(CH) p(CH) 
Me, 984(15) ° 1020(20) * 
OH,Me 923(8), 928(5) 980(10) ® 1037(25) * 
OH, Pr! 932(10) 1032(> 30) 
OH,Bu® 934(11) 965 1037(>30) 
OMe,Bu" 928(10) 964 
OMe, Bu* 926(8) 956(7) 994(10) 

OH,Bu* 932(9) 957(6) 997(10) 


para-Disubstituted 
B(CH) 
Pri, 918(8) 1020(>30) 
Me, Pr! 1019(15) § 
OH,But 1012(17) 
OH,Et 948 1015(7) 
OMe, Bu® 933 5 1011(12) 
OH,Bu® 923 1013(11) 
OMe, Bu* 927 957(7) 994(11) 1010(9) 1016(14) f¢ 
OH,Bu* 956(8) 995(10) 1014(20) 
1,2,4-Trisubstituted 
; Ring 
Subst. breathing 
OH,Me,Bu® 935 957(8) 993(9) 1004(9) 1017(7) 
OMe,Me,Bu* 959(6) 992(12) 1003(6) 1015(13) ¢ 
OMe,Bu*, 929 957(9) 994(18) 1000 1017(18) ¢ 
OH,Bu*, 934 958(17) 996(20) 1005 1017(15) 
Me, 999 4 
OH,Bu'*,Me 926, 937 955(9) 993(10) 1003(5) 1015(6) 
OMe, Bu*,Me 924 959(6) 992(8) 1006 1016(12) t¢ 
OH,Pr',Et 922, 934 978(6) 
OMe,Pr',Et 921 976(5) 1000 
OH,Me, 928(9) 981 
Pr',OH,Me 944(> 30) 1004 
OMe,Pr',Et 921 978(5) 
OH,Pr'!,Et 922, 934 978(6) 1002 


1,2,3,5-Tetrasubstituted 
35 Bu',OH,Me,Bu* 933(9) 958(15) 996(18) 1015(15) 


36 Bu’,OH,Bu*, 957(21) 998(27) 1017(20) 
37 Bu*,OH,Bu*,Me 936 959(14) 996(19) 1016(13) 


* Hidden by very strong »v(C-O) at 1029—1037 cm.". 
t Determined on side of very strong »v(C-O) at 1029-1037 cm.*. 


No out-of-plane or in-plane C-H deformations between 880 and 1160 cm.* were 
reported by these authors ? for 1,2,3,5-tetrasubstituted benzene derivatives. 

Discussion.—It was noticed that whenever an s-butyl group was attached to an 
aromatic ring, three weak bands were present at 957 + 2, 995 + 3, and 1016 + 1 cm.7, 
which could not be assigned to any C-H deformations of the ring; further, these bands 
were not shown with other alkyl groups. The increase of e, values when more than one 
s-butyl group was attached to the ring supported the idea that these bands arose from 
vibrations of the s-butyl group. 

Sheppard and Simpson ? reported the carbon-carbon stretching vibration of a paraffinic 
ethyl group at 1010 cm.. Since the Cg-Cy) stretching vibration in an s-butyl group 


® Katritzky and Jones, J., 1959, 3670. 
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would resemble that of a paraffinic ethyl group, this may be the origin of the band at 
1016 + 1 cm.+. \ 

The same authors reported an absorption at 955 cm." for paraffinic isopropyl groups 
due either to a carbon-carbon stretching vibration or to a methyl rocking mode. Since in 
the compounds studied the s-butyl group was attached to a more rigid skeleton, the two 
bands at 957 + 2 and 995 + 3cm.~ are, therefore, probably rocking modes of the «-methyl 

oup. 
-< These three absorptions, although weak and occurring in a highly complex region of 
the spectrum, have been found useful in studies of intermolecular and intramolecular 
aromatic rearrangements involving butyl groups. 


Experimental.—The compounds examined were recrystallised or fractionally distilled before 
measurement and had m. p. or b. p. in agreement with literature values. 

The spectra were determined on a Grubb-Parsons G.S. 2A, double-beam grating spectrometer 
in 0-24m-carbon disulphide solutions in a 0-91 mm. cell. 

Apparent molecular extinction coefficients (¢,4) were calculated from e, = (1/cl) logis (I,/Z), 
where c is concentration in moles per litre and / is the cell thickness incm. No account has been 
taken of finite slit width, and relative values are considered not accurate to better than +7%. 


The author thanks Professor M. J. S. Dewar for facilities and Mr. P. D. Cook for experi- 
mental assistance. 


QuEEN Mary COLLEGE (UNIVERSITY OF LONDON), 
Mite Env Roap, Lonpon, E.1. [Received, March 21st, 1960.] 





593. N-Ozxides and Related Compounds. Part XVII The 
Tautomerism of Mercapto- and Acylamino-pyridine 1-Oxides. 
By R. ALAN Jones and A. R. Katritzky. 


Basicities and spectra are recorded for 2- and 4-mercapto-, 2- and 4- 
acetamido-, and 2-benzamido-pyridine l-oxide, and certain alkylated 
derivatives. The mercapto-compounds are shown to exist predom- 
inantly (by a relatively small factor) in the thione form, and the acylamino- 
compounds as such. These results are related to the general pattern of 
tautomerism in the pyridine series. 


2- and 4-SUBSTITUTED PYRIDINE 1-OXIDEs in which the substituent atom adjacent to the 
ring carries a proton are potentially tautomeric (I= II; III= IV). In previous 
Parts 3 of this series we showed that the amino-compounds exist predominantly as such 
but that both possible structures are important for the hydroxy-compounds. We now 
deal with the mercapto- and acylamino-analogues, the corresponding mercapto-* and 
acylamino-pyridines ® having been studied recently. 


XH x 
7 _ S 
| eed =a | : | i = | | 
Nv ~ XH nN” Xx N N 
“| O res 


H Oo 
(I) (II) (II) May) 


Preparation of Compounds.—l-Hydroxypyrid-2-thione was prepared from 2-chloro- 
pyridine 1-oxide by way of the isothiouronium salt (cf. preparation from 2-bromopyridine 


? Part XVI, Katritzky, Beard, and Coats, J., 1958, 3680. 

* Gardner and Katritzky, J., 1957, 4375. 

® Katritzky, J., 1957, 191. 

* Jones and Katritzky, J., 1958, 3160; Albert and Barlin, J., 1959, 2384. 
® Jones and Katritzky, /., 1959, 1317. 
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l-oxide *). 2-Chloropyridine l-oxide and sodium benzyl sulphide gave 2-benzylthio- 
pyridine l-oxide. The 4-analogues were prepared similarly. Attempts failed to prepare 
(a) 1-methoxypyrid-2- and -4-thione, by action of phosphorus pentasulphide on 1-methoxy- 
pyridones, and (b) 1-benzyloxypyrid-2- and -4-thione by attempted rearrangement of 2- 
and 4-benzylthiopyridine 1-oxide with boron trifluoride (contrast the successful rearrange- 
ment of 2- and 4-benzyloxyquinoline 1-oxide ’). 

2- and 4-Aminopyridine l-oxide and 2- and 4-methylaminopyridine l-oxide were 
monoacetylated and benzoylated (see p. 2941). The acylation of 2-aminopyridine 1-oxide 


S S S S S 
i] «-(f ) — f a , 
N* NH hi7 ~NH, N7~ ~NHAc NZ NHAc N7 NH, 
1 ' 

OAc -O “Oo OMe “OTs OMe 
(V) (VI) (VII) (VII (IX) 


was shown previously to afford as normal products the N-acyl (VI —» VII), and not the 
O-acyl derivatives (VI—» V), because the products were identical with those of N- 
oxidation of the corresponding acylamino-pyridines.? We now confirm this by hydro- 
genating (cf. ref. 8) 2-acetamidopyridine l-oxide to 2-acetamidopyridine. The infrared 


spectra discussed below also show that these acylations take place on the amino-nitrogen 
atom. 


Attempts failed to prepare 4-benzamidopyridine l-oxide by benzoylation of 4-amino- 
pyridine l-oxide, and by oxidation of 4-benzamidopyridine, as did attempts to oxidise 
4-acetamidopyridine. 2- and 4-Acylaminopyridine l-oxides should be rather unstable 
towards hydrolysis for the amino-nitrogen atom carries two strongly electron-withdrawing 


TABLE 1. - 
Wave- pk, of 
Concn. length’  corresp. 

No. Compound pK.* «® (10-*m) (mp) pyridine ApK, 
1 ; , neal . . —1-38 0-57 
4 1-Hydroxypyrid-2-thione 2 a ry tal 517 
3 2-Benzylthio-pyridine l-oxide —0-23 0-03 0-57 237-5 3-23 3-46 
4 : : 1:53 0-02 0-68 286 1:48 —0-05 
as 1-Hydroxypyrid-4-thione 3:82 0-01 212 a 8-65 4-83 

4-Benzylthiopyridine l-oxide 2:09 0-10 0-30 226 5-41 3-32 
2-Acetamidopyridine l-oxide —0-42 0-13 1-03 285 4-09 4-51 
2-(N-Methylacetamido)pyridine l-oxide —1-02 0-10 1-25 312 2-01 3-03 
2-Benzamidopyridine 1-oxide —0-44 0-16 1-20 295 3-33 3-77 
2-(N-Methylbenzamido)pyridine l-oxide —1:39 0-03 0-63 290 1-44 2-83 
3-Acetamidopyridine 1-oxide 0-99 0-05 0-66 246 4-46 3°47 
4-Acetamidopyridine 1l-oxide 159 0-09 0-84 290 5-87 4-28 
4-(N-Methylacetamido) pyridine 1-oxide 1:36 0-09 0-87 270 4-62 3-26 
4-(N-Methylbenzamido)pyridine 1-oxide 1:70 0-07 0-84 237 4-68 2-98 
* Arithmetical means of 6 values. Apparent values are given; thermodynamic pK, may be 
calculated by using the concentration given (cf. ref. 17). Nos. 2 and 5 refer to proton loss, others to 
proton addition. * Standard deviation. ¢* An entry in this column signifies that the determination 
was spectrometric (otherwise potentiometric). Measurements were in phosphate buffers, or sulphuric 
acid of known H,. Spectroscopic pK, measurements were made with a Cary recording spectro- 
photometer (model 40M-50) and buffers of known pH which were measured on a Cambridge direct- 
reading pH meter with glass and calomel electrodes. 


groups, and this may explain the foregoing failures. Attempts to prepare crystalline 
metho-salts (cf. VIII) of the acylaminopyridine l-oxides failed: 2- and 4-acetamido- 
pyridine 1-oxide, on being heated with methyl toluene-f-sulphonate, gave 2- and 4-amino-1- 
methoxypyridinium salts (as IX), the acetyl groups having been lost, evidently by 
hydrolysis. 


* Shaw, Bernstein, Losee, and Lott, J. Amer. Chem. Soc., 1950, 72, 4362. 
? Tanida, J. Pharm. Soc. Japan, 1958, 78, 613. 
® Katritzky and Monro, J., 1958, 1263. 
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Basicity Measurements.—(a) Thiones. When the usual assumption is made that 
alkylation of the individual tautomeric forms has little effect on their basicity, the weaker 
basicity of the potentially tautomeric 1-hydroxypyridthiones than of the corresponding 
benzylthiopyridine 1-oxides shows that the former exist predominantly in the pyridthione 
form (II and IV; X=S). The thione forms are preferred by factors of 10"7? and 10° 
in the 2- and the 4-series respectively. It is of interest that changing from pyrid-2- and 
-4-thione to the corresponding 1-oxides little affects the strength of these compounds as 
bases, but makes them much more strongly acidic (Table 1, last column). This is to be 
expected, for the oxygen atom is introduced at the site of the acidic centre, but removed 
from the basic centre. 

(b) Acylamino-compounds. The (N-methylacylamino)- are weaker bases than the 
acylamino-compounds. This is ascribed to steric inhibition of resonance; the differences 
(0-23—0-95 pK unit) are smaller than those for the corresponding pyridines: substituents 
are known to affect the basicity of pyridine 1-oxide less than that of pyridine. The pK, 


TABLE 2. Ultraviolet spectral maxima. 

Ions ® Neutral molecules 
mp 10%c my 10% my 10% my 10%c mp 10% 
241 93 299-5 9-2 235 10-1 = 261-5 7-0 322 3-6 
290 11-4 329 4-6 
251 123. 314 11-1 237-5 28-6 261-5 10:2 307-5 4-7 
286 214 285 8-6 326 9-9 
323 233 * 
308 205 
290 — 233 
270 * 313 6-1 230 
296 — 246 
290 — 243-5 
245 279 6-3 240 
206-5 271-5 19-2 206-5 
203 286 15-0 276-5 15:3 
237-5 280-5 17-5 a 285:5 15-9 - 

For conditions see Figs. 1-6. * Numbers refer to compounds in Table 1. * All cations except 
Nos. 2 and 5 which refer to anions. * Inflection. 
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values are consistent with the potentially tautomeric 2- and 4-acylaminopyridine 1-oxides 
existing as such. 

Ultraviolet Spectra.—1-Hydroxypyrid-2- and -4-thione form cations (as X) of similar 
structure to those (as XI) from 2- and 4-benzylthiopyridine l-oxide. Figs. 1 and 2 show 


SH $-CH,Ph 

| +Z | +Z | +H xp 
N N NON 

OH OH -O Me 
(X) (XI) (XI) 


that the ultraviolet spectra of the cations in each series are similar; the benzyl groups 
cause the expected bathochromic shift. However the spectral similarity does not extend 
to the corresponding neutral species and this is additional evidence that 1-hydroxypyrid-2- 
and -4-thione exist predominantly as such in aqueous solution. 

In the 2-acetamido- and 2-benzamido-series (Figs. 3 and 5) a methyl group on the 
amide-nitrogen atom lowers the intensity of the longest wavelength band; for the neutral 
species this results in the coalescence of the two longest wavelength bands into a single 
band. Steric hindrance would be expected to be particularly severe for the 2-substituted 
compounds (as XII). The effect in the 4-acetamido-series is smaller (Fig. 4). 

Infrared Spectra.—The infrared spectra of 1-hydroxypyrid-2- and -4-thione indicate 
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that these compounds exist predominantly in the thione form; * they do not show the 
characteristic bands of the pyridine l-oxide ring as do 2- and 4-benzylthiopyridine 
l-oxide.“ The acylaminopyridine l-oxides all showed the bands characteristic both of 
the -NR-COR’ substituent #* (R = Me or H; R’ = Me or Ph) and of the 2-,! 3-1 o 
4-substituted " pyridine l-oxides, indicating that the potentially tautomeric acylamino- 
pyridine 1-oxides exist predominantly as such. 





Fig.2 

Fic.1. 1-Hydroxypyrid-2-thione —— (neutyal 
species, pH 1-8), X X X X (anion, pH 10), 
. + « « (cations, 20N-H,SO,). 2-Benzylthio- 
pyridine l-oxide ——-— (neutral species, 
pH 10), —-— -— (cation, 20N-H,SO,). 


Fic. 2. 1-Hydroxypyrid-4-thione —— (neutral 
species, pH 2-7), x X X X (anion, pH 10), 
. .. » (cation, 20N-H,SO,). 4-Benzylthio- 
pyridine 1-oxide as for 2-compound. 





Fic. 3. 2-Acetamidopyridine 1-oxide —— 
(neutral species, pH 10),. . . . (cation, 20n- 
H,SO,). 2-(N-Methylacetamido)pyridine 1- 
oxide ——— (neutral species, pH 10), 

(cation, 20N-H,SO,). 


Fic. 4. 4-Acetamidopyridine 1-oxide and 4- 
(N-methylacetamido)pyridine 1-oxide as for 
2-series. 





Fic. 5. 2-Benzamidopyridine 1-oxide and 2- 
(N-methylbenzamido) pyridine 1-oxide as for 
acetamido-series. 


Fic. 6. 4-(N-Methylbenzamido)pyridine 1- 
oxide as for 2-compound. 











JOO 22) 
Wavelength (m) 





Discussion.—The N-oxide oxygen atom of pyridine 1-oxides makes canonical forms of 
type (XVI) more important in stabilising structures (XV) than the stabilisation in corrte- 
sponding pyridines of structures of type (XIII) by forms of type (XIV). Moreover, 
the N-oxide oxygen atom causes canonical form (XX) to stabilise (XIX) less than forms 
(XVIII) stabilise structures (XVII). For hydroxy- and amino-compounds the ratios of 
pyridine 1-oxide form to 1-hydroxypyridone form are greater by factors of ca. 10* than the 
corresponding ratios of pyridine to pyridone form.? As the pyridthione structure 
predominates * over the mercaptopyridine structure by a factor of ca. 10* the present 
results for 1-hydroxypyridthiones are as expected. 

® Katritzky and Jones, J., 1960, 2947. 

1° Katritzky and Hands, J., 1958, 2195. 


11 Katritzky and Gardner, J., 1958, 2192. 
12 Katritzky and Jones, /., 1959, 2067. 
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Similar reasoning for the acylamino-compounds based on results for acylamino- 
pyridines ° leads to the expectation that the acylaminopyridine 1-oxide form should be 


XH *XH XH * XH x x7 x x" 
S S S S 
- 4 +tZ 
N N N: N N N N N 
-¢ -¢ H H : : 
fe) Oo OH OH 
(XIII) (XIV) (XV) (XVI) (XVII) (XVIII) (XIX) (XX) 


preferred by a factor of ca. 10°. The experimental data are not at variance with this 
conclusion. 
EXPERIMENTAL 
1-Hydroxypyrid-2-thione.—2-Chloropyridine 1l-oxide* (1-94 g.), refluxed with thiourea 
(1-5 g.) in ethanol (30 c.c.) for 1 hr. and then cooled, gave S-2-pyridylisothiouronium chloride 
l-oxide (1-94 g., 60%) which separated from ethanol in needles, m. p. 156—157° (Found: 
C, 35:5; H, 4:1; N, 20-3. C,H,ON,SCI requires C, 35-0; H, 3-9; N, 20-4%). 

The thiouronium chloride (1-25 g.) was kept for 4 hr. with aqueous sodium carbonate (1 g. 
in 12:5 c.c.}. Acidification with 20% hydrochloric acid (2 c.c.) gave 1-hydroxypyrid-2-thione 
(0:3 g., 49%) which, crystallised from aqueous ethanol, had m. p. 63—64° (lit.,* m. p. 65—67”). 

Toluene-w-thiol (4-5 c.c.) and 2-chloropyridine 1-oxide (1-55 g.) were successively added to 
ethanolic sodium ethoxide (from 1 g. of sodium and 30 c.c. of ethanol). The whole was refluxed 
for 1 hr. and left for 2 hr. more. After basification with 10% aqueous sodium hydroxide, 
extraction with ethyl! acetate gave (from the evaporated extracts) 2-benzylthiopyridine 1-oxide 
(1-92 g., 73%) which, crystallised from ethyl.acetate, had m. p. 168—170° (lit.,6 m. p. 169— 
170°). 

1-Hydroxypyrid-4-thione.—4-Chloropyridine l-oxide (2-0 g.) gave S-4-pyridylisothiouronium 
chloride 1-oxide (2-3 g., 70%), m. p. 169—170° (lit.,45 m. p. 167°), as in the 2-series, which was 
converted as above into 1-hydroxypyrid-4-thione (0-8 g., 57%), needles (from aqueous ethanol, 
m. p. 140° (decomp.) (lit.,44 m. p. 142°). 

For 4-benzylthiopyridine 1-oxide see ref. 11. 

2-Acylaminopyridine 1-Oxides.—The following were prepared by acylation of the corre- 
sponding amine: * 2-acetamido-, m. p. 139—140° (lit., 140-5—141°); 2-benzamido-, m. p. 
121—123° (lit., 122—124°); 2-(N-methylacetamido)pyridine l-oxide, m. p. 97—98° (lit., 
95—97°). Infrared bands due to the ring for 2-(N-methylacetamido)pyridine 1l-oxide were 
1613 (100), 1554* (25), 1500 (290), 1432 (195), 1268 (290), (—), (—), 1109* (30), 1040 (30), 
838 (155). 

2-Methylaminopyridine 1-oxide (0-5 g.) in benzene (12-5 c.c.) and triethylamine (1-2 c.c.) 
was treated with benzoyl chloride (0-56 g.) in benzene (2-5 c.c.). Precipitated triethylamine 
hydrochloride was filtered off and the filtrate evaporated to give 2-(N-methylbenzamido) pyridine 
l-oxide (0-72 g., 78%), m. p. 152—153° (rhombs from ethyl acetate) (Found: C, 68-3; H, 5-6; 
N, 12-2. C,,H,,O,N, requires C, 68-4; H, 5-3; N, 12-3%). 

3-Acetamidopyvidine 1-Oxide.—3-Acetamidopyridine (1 g.) was heated with 30% hydrogen 
peroxide (1-2 c.c.) and acetic acid (4 c.c.) for 24 hr. at 70°. Volatile material was removed at 
100°/20 mm. and the residue in chloroform (10 c.c.) was digested with potassium carbonate 
(0-5 g.) for 10 min. Solid was filtered off, and evaporation of the filtrate gave 3-acetamido- 
pyridine l-oxide (1-0 g., 90%) which, crystallised from ethanol, had m. p. 208—211° (lit.,25 
m. p. 208—210°). 

Infrared bands due to the 3-pyridine l-oxide nucleus! were 1615s, 1575m, 1485m, (—), 
(—), 1152s, 1006m, (—), (—). 

4-Acylaminopyridine 1-Oxides.—4-Aminopyridine 1-oxide (1-0 g.) was refluxed with acetic 
anhydride (0-9 c.c.) and ethyl methyl ketone (5 c.c.) for 45 min. Solid separated, the whole 
was cooled, and the solid was crystallised from ethanol-ethyl acetate (1 : 1) to yield 4-acetamido- 
pyridine 1-oxide as needles, m. p. 260—261° (Found: C, 55-0; H, 5-4; N, 184. C,H,O,N, 
requires C, 55-2; H, 5-3; N, 184%). 

3 Itai, J. Pharm. Soc. Japan., 1954, 74, 5648. 


4 Ochiai, J. Org. Chem., 1953, 18, 534. 
® Leonard and Wajngust, J. Org. Chem., 1956, 21, 1077. 
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Infrared bands due to the 4-pyridine l-oxide nucleus 1 were 1606s, 1480ts, 1442s, 1200s, 
1174s, 1038m, 1012m, 857s, 805s. 

4-Methylaminopyridine 1-oxide ? (0-7 g.) was refluxed with acetic acid (3-0 c.c.) and acetic 
anhydride (1-5 c.c.) for 2 hr. Volatile material was removed at 100°/20 mm. and the residue 
taken up in hot chloroform (10 c.c.) and digested with potassium carbonate (0-5 g.) for 10 min. 
Solid was filtered off. Evaporation of the filtrate gave 4-(N-methylacetamido)pyridine 1-oxide 
(0-35 g., 38%) which separated from chloroform-light petroleum (5:1) in rods, m. p. 145— 
147° (Found: C, 57-8; H, 6-1; N, 16-6. C,H,,O,N, requires C, 57-8; H, 6-1; N, 16-9%). 

4-Methylaminopyridine 1-oxide (0-85 g.), ethyl methyl ketone (50 c.c.), triethylamine 
(2-5 c.c.), and benzoyl chloride (1-4 g.) were kept for 15 hr. at 20°. Separated solid was then 
filtered off and washed with ethyl methyl ketone; the filtrate and washings were evaporated, 
to give 4-(N-methylbenzamido) pyridine 1-oxide benzoate (1-35 g., 55%) which separated from 
chloroform-light petroleum as needles, m. p. 116—118° (Found: C, 68-2; H, 5-3; N, 7-8, 
C.9H,,0,N, requires C, 68-5; H, 5-2; N, 8-0%). 

The foregoing benzoate (0-1 g.) in hot chloroform (10 c.c.) was digested with potassium 
carbonate (0-06 g.). Solid was removed and then evaporation of the filtrate gave 4-(N-methyl- 
benzamido) pyridine 1-oxide (0-03 g., 43%) which formed cubes (from benzene), m. p. 144-5—145° 
(Found: C, 68-6; H, 5-8; N, 12-0. C,,;H,,O,N, requires C, 68-4; H, 5-3; N, 12-3%). 

Hydrogenation of 2-Acetamidopyridine 1-Oxide.—The oxide (1-5 g.) was reduced (cf. ref. 8) 
to 2-acetamidopyridine (1-0 g., 80%), m. p. 69—70° (mixed m. p. 69°; lit.,4® m. p. 71°). 

Reaction of 2- and 4-Acetamidopyridine 1-Oxide with Methyl Toluene-p-Sulphonate.— 
2-Acetamidopyridine 1l-oxide (0-7 g.) was heated with methy lItoluene-p-sulphonate (0-7 g.) 
at 105° for 12 hr. Recrystallisation of the product from ethanol-ethyl acetate (1:1) gave 
2-amino-1-methoxypyridinium toluene-p-sulphonate (0-7 g., 50%), m. p. 123—124° (lit.,3 m. p. 
127—129°) (Found: C, 52-4; H, 5-3; N, 9-3. Calc. for C,,H,,0,N,S: C, 52-6; H, 5-4; N, 9-4%), 
Amax, 228 (c 16,000) and 299 my (ce 9000) in 20N-H,SO,; 222 (ec 12,900), 246 (ec 11,800), and 311 
mu (¢ 6200) in N-NaOH (cf. ref. 3). 

Similarly 4-acetamidopyridine l-oxide gave 4-amino-l-methoxypyridinium toluene-p- 
sulphonate (60%) m. p. 126—127° (lit..2 m. p. ]27—129°) (Found: N, 9-4. Calc. for 
Cy3H,,0,N.S: N, 9:4%), Amax, 209 (¢ 19,100) and 272 my (e 20,800) in 20N-H,SO,; 272 mu 
(¢ 27,100) in N-NaOH (cf. ref. 2). 


Part of this work was carried out during the tenure (by R. A. J.) of a D.S.I.R. grant. 
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594. The Infrared Spectra of Polycyclic Heteroaromatic Com- 
pounds. Part I. Monosubstituted Quinolines. 


By A. R. Katritzky and R. ALAN JONES. 


The bands characteristic of the various mono-substituted quinoline nuclei 
are correlated with those of similarly substituted naphthalenes, and tentative 
assignments to specific molecular vibration modes are suggested. 


THE infrared bands (e, >15) for monosubstituted benzenes, pyridines, pyridine 1-oxides, 
furans, and thiophens are characteristic of either the substituent or the nucleus.’ Further, 
any one nucleus (or substituent) shows a definite number of bands, the positions and 
intensities of which are either reasonably constant or vary with the electronic nature of the 
substituent (or nucleus); mass effects are small provided the substituent is attached to 
the nucleus by a carbon, nitrogen, or oxygen atom. We are now investigating polycyclic 
compounds, and this paper describes the results for monosubstituted quinolines. For 


! For references see Katritzky, Quart. Rev., 1959, 18, 353. 
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reasons already given,? where possible, the spectra of 0-189m-chloroform solutions were 
measured in a 0-106 mm. compensated cell and apparent molecular extinction coefficients 
measured; the errors and approximations involved are noted in ref. 2. As in our earlier 
work the bands were characteristic of the ring or of the substituent. The bands charac- 
teristic of each class of substituted quinoline were recorded for the following compounds: 
2-amino-, -ethoxycarbonylamino-, -methoxy-, -chloro-, -methyl-, -2’-hydroxyethyl-, and 
-methoxycarbonyl-quinoline; 3-amino-, -acetamido-, -bromo-, -methyl-, -cyano-, -ethoxy- 
carbonyl-, and -nitro-quinoline; 4-amino-, -anilino-, -acetamido-, -methyl-, -cyano-, 
-carbamoyl-, -formyl-, -methoxycarbonyl-, and -nitro-quinoline; 5-amino-, -thioformamido-, 
-methoxy-, -hydroxy-, -methyl-, and -nitro-quinoline; 6-amino-, acetamido-, -chloro-, 
-methyl-, -formyl-, -methoxycarbonyl-, and -nitro-quinoline; 7-chloro-, -methyl-, -ethoxy- 
carbonyl-, and -nitro-quinoline; 8-amino-, -thioformamido-, -hydroxy-, -chloro-, -methyl-, 
-methoxycarbonyl-, and -nitro-quinoline. 

In our work on monocyclic heterocyclic compounds we found that the number and 
position of the ring stretching bands in the 1600—1400 cm.* region were not very sensitive 
to the orientation or the nature of the substituents, but that the intensity of these bands 
was often altered drastically. However, the number and position of the CH in-plane and 
CH out-of-plane deformation bands depended on the number and orientation of the 
substituents. The data now obtained lead to similar conclusions for the quinolines, as 
discussed below. In our work on the monocyclic compounds, we were helped by the 
assignments Randle and Whiffen * made for the bands for substituted benzenes; we have 
been aided in the present work by Hawkins, Ward, and Whiffen’s study of naphthalenes.* 

The infrared and Raman spectra of quinoline itself have been discussed in detail by 
Chiorboli and Bertoluzza® who have made a nearly complete assignment based on 
naphthalene. 

Ring-stretching Bands in the 1620—1560 cm. Region.—The results are summarised in 
Table 1. Three bands are usually found, near 1620, 1590, and 1575 cm., and these 


Polycyclic Heteroaromatic Compounds. 


TABLE 1. Ring-stretching bands at 1620—1560 cm.1.* 
First band Second band Third band 


Posn. of c i * - —_—_—_=, cs ~_~ - _ -otiiammnenmningenine 


ia 


substn. cm.~! 
None 1622 
° 1622 + 2 
= 1608 + 3 
1617 + 3 
1617 + 2 
1621 + 4 
1622 + 3 


1621 + 6 
1619 + 6 


Allsubst. 1623 + 5 


* Arithmetical means and standard deviations given. 


eA 
25 
250 ——» 10 
340 —> <10 
15 —> 150 
10+ 5 
80 ——»> 10 —> 
150 
40 + 30 
20 + 5 
50 + 50 


cm. 

1598 
1588 + 6 
ca. 1605 
1592 + 6 


1593 + 5 
1599 +. 5 


1595 + 5 
1597 +1 
1598 + 8 


Ea 
35 
165 ——» 20 


ca. 35 
180 ——» 55 
190 ——> 40 

50 + 25 


75 + 45 


cm-! 

1576 
1570 +. 4 
1578 + 6 
1573 + 3 
1575 +7 
1575 + 3 


1570 + 7 
1579 + 3 
1577 + 6 


ea 
40 


85 —e> 25 


25 ——> 90 
145 ——» 20 
135 ——> 35 

30 + 15 


30 + 5 
50 + 25 
55 + 35 


_ 250——» 10 means that the absorption depends upon the electronic properties of the substituent 
in such a way that it falls from ca. 250 for strong electron-donors to ca. 10 for strong electron- 


acceptors. 


positions do not vary greatly (however, 2-substituted quinolines show four bands) 
Chiorboli and Bertoluzza’s 5 work would indicate that modes (I), (II) and (III), and (IV). 


respectively, were the origin of these bands. The intensity of the first band is low for the 
4-, 5-, and 8-substituted compounds; it rises for the 3- and falls for the 2- and 7-substituted 


® Katritzky, Monro, Beard, Dearnaley, and Earl, J., 1958, 2182. 


’ Randle and Whiffen, Paper No. 12, Report on the Conference of Molecular Spectroscopy, Institute 
of Petroleum, 1954. 


* Hawkins, Ward, and Whiffen, Spectrochim. Acta, 1957, 10, 105. 
* Chiorboli and Bertoluzza, Ann. Chim. (Ttalv), 1959, 49, 245. 
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quinolines with increasing electron-accepting power of the substituent and shows a more 
complicated dependence for the 6-isomers. 

Ring-stretching Bands in the 1500—1350 cm. Region (Table 2).—Five bands are usually 
found, near 1500, 1470, 1440, 1400, and 1360 cm.*; again, these positions are relatively 
invariant. The apparent extinction coefficient for the first band is near 100 for the 3-, 4-, 
7-, and 8-compounds, and low for the 5-isomers, and it falls with decreasing donor power 
of the substituent for the 2- and 6-substituted compounds. 

The second, third, fourth, and fifth bands frequently have «, values of ca. 20—40, 
However, the intensity of the second band falls with decreasing electron-donor properties 
of the substituent for 5- and 8-substituted compounds and falls and then rises for the 


(ar Ur Go od 


(II) (111) (IV) 


CH Or Oo op 


(VI) (VII) (VIII) 


corresponding 2-isomers. The third band is absent for 5-substituted compounds and the 
intensity falls with decreasing electron-donor properties of the substituent for the 2-, 3-, 
and 4-compounds. The fourth band is absent for the 8-isomers, and is of high intensity 
for 5-substituted compounds. 

Chiorboli and Bertoluzza® assigned bands at_ 1499, 1430, 1400, and 1360 cm. in 


i) LO TD Me 


(XII) 


quinoline to modes (V)—(VIII) respectively. Three of these bands correspond to the 
first, to the third, and to the fifth of our sequences. However, the 1430 cm.* band is at a 
very high frequency for a CH in-plane vibration (VI), and finding this sequence throughout 
the various substituted compounds causes us to reject this assignment. 

In- and Out-of-plane CH-Deformation Frequencies in the 1300—800 cm. Region.—By 
analogy with the similarities found between bands of this type in monosubstituted 
pyridines with those in benzenes,! absorption of the quinolines in this region should be 
comparable to that of corresponding naphthalenes. Whiffen and his co-workers have 
shown * that the characteristic absorption pattern of naphthalenes in this region could be 
correlated with the substitution pattern, each ring being treated separately. They 
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TABLE 5. 


1,2,4-Trisubst. benzenes ¢... 


Naphthalenes ¢ 
6-Subst. quinolines 
7-Subst. quinolines 


1,2,4-Trisubst. benzenes ¢... 


Bor (XVI) 


Three hydrogen atoms at 5,6,8 and 5,7,8. 


Bou (XVII) 





cm,"! fa 
1151+ 8 m 
1180 + 10 Var. 
W72+11 25+ 15 


Ycu 
- A con) 
cm. fA 
929 + 11 w 
901 +. 10 m—s 


cm.~! fA 
1127 + 10 m 
1092 + 12 m—s 
1120 + 2 60 + 25 


Ycu 
- a ~ 
cm."! fA 
868 + 11 w 
864 + 10 n—s 


Part I. 


Naphthalenes ¢ n 
6-Subst. quinolines 893 +12 55+ 30 858414 75+ 40 
7-Subst. quinolines 891+ 17 70+ 40 — — 


¢ Ref. 4. ¢ Ref. 3. 


TABLE 6. Two hydrogen atoms at 2,3. 
i Bou Am (Aen) Beu a GA LS 


= =F “———_ * _ rr om ~~ 
cm." fa cm. Ea cm."! fa cm." ea 
1,2,3,4-Tetrasubst. benzenes 4 -— —- — — 1165 s 804 vs 
Naphthalenes ° 1263 + 11 Var. 1193+ 6 m—s 1160+ 7 Var. 82446 s—vs 
4-Subst. quinolines a -- — — 1161+3 25415 849+ 8 70+ 40 
¢- Ref. 4. ¢ Ref. 3. 


TABLE 7. Two hydrogen atoms at 2,4. 
Bou (XXII) yeu out-of-phase ycu in-phase 
A “A oe Ae 


| gong se . —— 
cm. . ‘ fa cm.~* 
1,2,3,5-Tetrasubst. : 
benzenes 4 
Naphthalenes ¢ 
3-Subst. quinolines 


Var. _— — 5 


- _ 8 
120446 Var. 110249 Var. 888+10 m—s_ 861 


1 
-8 
1179 + 9 ca.30 1099+ 17 ca.30 890+ 10 654.45 8544-8 


TABLE 8. Two hydrogen atoms at 3,4. 
(XXIII) 


—, «— 


Ben (XXIV) yeu out-of-phase yeu in-phase 
— ~ eo ——A~— = " a _ oe}? 
1,2,3,4-Tetrasubst. 
benzenes ¢ . . s 
Naphthalenes ¢ 220+65 Var. 1151+5 m 940 + 14 w 810 + 10 
2-Subst. quinolines (CHCI,) 1141+ 3 304 10 945+ 4 ca.20* 822+ 10 160 + 60 


* Intensity of the chloro-compound excepted. “4 See earlier Tables. 


suggested no assignments for these bands, but as each ring could be treated separately an 
attempt has now been made to correlate these bands with the correlations for similarly 
substituted (monocyclic) benzenes established by Randle and Whiffen.? The data for 
similarly substituted benzenes, naphthalenes, and quinolines are arranged in Tables 3—8 
to bring out these relations. Of 53 band sequences found in this region for the quinolines, 
it was possible to correlate 46 with the naphthalenes and benzenes as detailed: 


3 4 E 6 8 
8 9 
76 c g¢@ 


Position of substituent in quinoline . 7 
Total no. of bands between 1300—800 cm.-! ( ll 6 5 
No. correlated in Tables 3—8 8¢ 6 4° 


Additional band sequences at: * 1127 + 3 (30 + 15); 980 + 6(30 + 10); and 935 + 9 (80 + 40); 
> 1088 + 18 (55 + 40); © 1001 + 17 (ca. 10); 4950 + 5 (10 + 5); * 866 + 25 (20 + 5). 
Bands corresponding to some modes are not found, e.g., (XVIII) for 6-substituted 
quinolines, because they are intrinsically weak. 
Previous work has been concerned mainly with the out-of-plane CH deformation modes 
in the region 900—700 cm. (which was partially obscured in our work) and has been 
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limited to alkylquinolines. Karr e¢ al.6 demonstrated that the two strongest CH out-of- 
plane modes (?.¢., the modes with all the hydrogen atoms of each ring moving in phase) of 
50 mono- and poly-alkylquinolines could usually be correlated with fair accuracy with the 
bands of corresponding naphthalenes, benzenes, and pyridines. Shindo and Tamura? 
obtained the spectra of all the monomethylquinolines and reached similar conclusions; 
they also pointed out that methylquinolines usually showed three bands in the 1600 cm. 
region and another near 1500 cm.*. 

Other Bands.—The compounds showed the characteristic bands of the substituents; ® 
very few bands (less than 2% of the whole) could be correlated with neither the ringymor 
the substituent. 


Experimental.—For conditions of measurement see refs. 2 and 6. Compounds were recrystal- 
lised or redistilled immediately before measurement. 


This work was carried out during the tenure (by R. A. J.) of a D.S.I.R. maintenance grant. 
We thank Dr. J. M. Pryce and Dr. F. L. Rose, O.B.E., F.R.S., of Imperial Chemical Industries 
(Pharmaceuticals) Limited, for kindly supplying us with some of the compounds used. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, November 18th, 1959.} 
* Karr, Estep, and Papa, J. Amer. Chem. Soc., 1959, $1, 152. 


7 Shindo and Tamura, Pharm. Bull. (Japan), 1956, 4, 292. 
§ Katritzky and his co-workers, J., 1958, 2182; 1959, 2062, 2067, and in the press. 





595. Infrared Absorption of Heteroaromatic and Benzenoid Six- 
membered Monocyclic Nuclei. Part X.1 Pyridones and Pyrid- 
thiones. 


By A. R. Katritzky and R. ALAN JONEs. 


The infrared spectra of ten pyridones and six pyridthiones are recorded. 
Tentative assignments for most of the bands are made on the basis of the 
similarity of the spectra of these with those of other heteroaromatic 
compounds. 


PREVIOUS papers in this and a cognate series were concerned with the infrared spectra of 
monosubstituted pyridines * and pyridine 1-oxides * and bands were tentatively assigned 
to specific molecular vibration modes. The compounds were found to possess four ring- 
stretching modes in the 1600—1400 cm. region, the positions of which were relatively 
constant and the intensities of which could be correlated with the charge disturbance 
created in the ring by substituent and hetero-group. The in- and out-of-plane CH bend- 
ing depended mainly on the number and relative orientation of the ring hydrogen atoms 
(for a review see ref. 4). 

The present work was undertaken in an attempt to interpret the spectra of, and extend 
the above generalisations to, pyridones and pyridthiones. As planar six-membered ring 
compounds in which each annular atom possesses a f-orbital perpendicular to the plane of 


? Part IX, Katritzky and R. A. Jones, J., 1959, 3670. 

* (a) Katritzky and Gardner, J., 1958, 2198; (b) Katritzky and Hands, ibid., p. 2202; (c) Katritzky, 
Hands, and Jones, ibid., p. 3165. 

* (a) Katritzky and Gardner, J., 1958, 2192; (b) Katritzky and Hands, ibid., 2195; (c) Katritzky, 
Beard, and Coats, J., 1959, 3680. 

* Katritzky, Quart. Rev., 1959, 18, 353. 
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the ring and a total of six x-electrons they are aromatic and their reactions are in accordance 
with this.5 

Pyrid-2- and -4-one are usually depicted by the uncharged structures (I) and (IV), but 
charged canonical forms (e.g., II, III) are of great importance in these mesomeric com- 
pounds, and such structures demonstrate the similarity to pyridine l-oxides (cf. V). As 
before, the spectra were measured as 0-189m-solutions in purified chloroform in a 0-106 mm. 


0-0-9. 0 @. 


(I) (II) (111) (IV) v) 


compensated cell. The bands in the regions 4000—3020, 3000—1240, 1200—800 cm. 
(i.e., the region unobscured by solvent absorption) are recorded in Tables | and 2; tentative 
assignments are given at the heads of the columns to the molecular modes approximately 
depicted in formule (VI)—(XXIV). The compounds containing H or OH groups at the 
1-position were less soluble: in the 2-series saturated solutions had to be used in two cases 
and in the 4-series satisfactory solution spectra could not be obtained. 

NH and OH Stretching Frequencies (Tables 1 and 2, col. 1).—All the compounds are 
shown to be very strongly hydrogen-bonded, both by the positions of the peaks and by 
their broad nature. 1-Hydroxypyrid-2-one and -2-thione exist as monomers (cf. X XV); 


S. 
a “ws Ry eo" -H- =s... ak 
WN~0% we", ~H-s7' >R 


(XXV) (X XVI) (XXVII) 


strong hydrogen bonds involving sulphur are known (e.g., XXVI) ® but are rare. Pyrid- 
2-one is a dimer, presumably (X XVII), under these conditions,’ and pyrid-2-thione is also 
largely dimerised in chloroform solution (as shown cryoscopically). 

The 3000 cm.1 Region (Table 1, col. 2; Table 2, col. 2).—All the compounds show a 


Approximate vibration modes of pyrid-4-ones.* 


OROROBEHOBOB ONG 


(VI) (VII) (VIII) (IX) (X) (XI) (XII) (X11) 
Col. 3 4 7 13,14T 16 18 20 


* Double bonds are omitted. 

+ As a Referee has commented, the assignment of the bands in both cols. 13 and 14 of Table 1 to 
mode (X) is not certain. However, as the Referee implies, it is unlikely that the fourth Bey vibration 
[i.e., that corresponding to (XIX) for the 4-series] should absorb at frequencies as low as these. Further, 
any assignment to yN-R frequencies would leave bands unexplained in the N-H and N--O-R compounds. 
We thus tentatively let the assignment of the doublet to mode (X) stand. 





® Katritzky and Lagowski, ‘‘ Heterocyclic Chemistry,” Methuen and Co. Ltd., London, 1960, pp. 
51—52. 

* Allenand Colclough, J., 1957, 3912; cf. Bellamy, ‘‘ The Infra-Red Spectra of Complex Molecules,” 
2nd edn., Methuen, London, 1958, p. 351. 

7 Personal communication from Dr. C. A. Dekker. 
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No. 1-Subst. 


Pyrid-4-ones. 
1 


Pyrid-4-thiones. 
6 H (Nj) 
7 Me 
8 CH,Ph 
9 OH (Nj) { 


8 


No. Ph 


Pyrid-4-thiones. 
l NA 
2 


3 { 


NA 


1486 * 75 
1456 90 
NA 
1456 35 
NA 
NA 
1500 * 55 


1452 * 70 
NA 


16 
Bou 


cm.-! 


No. 
ca 
Pyrid-4-thiones. 

1081 w 


1093 15 


1081 § 25 


1079 =m 
1094 * 35 
- 
1098 * m 


cm, 


cm,~} 


1 


vOH 
vNH 
Ea 


3200m 
2650m 


3190w 
NA 


NA 


TABLE 1. 


- 3 


vCH 


4 


pyridone ring stretch 


Benzenotd Six-membered Monocyclic Nuclet. 





€&, cm. e, 


(—) 
1664 165 
1660 * 130 
1650 * 290 
1645 * 195 


3090w 


ca. 2500w 
broa 


9 


Me 
ca 


NA 


10 
CH, 
wag 

Ea 


11 


vNO 


cm." cm. ge, 


NA NA 


1488 50 


1440 
NA 


NA NA 


15 


1355 60 NA 


1460 85 


1445 75 


NA 
NA 


{FA 
NA 
NA 


17 


Ph 


om.* ¢ 


NA 


NA 
1075 15 
1027 25 
NA 
1081 £2 
1027 * 
NA 
NA 
1075 * 40 
“FJ 
NA 


5 
5 


NA 1326 60 
1350 40 1326 40 


NA NA 
NA NA 


1354 25 
NA 


NA 
(—) 
18 
Bou 


cm," 


19 


vC-O 


fq cm. eg, 


1032 
989 
1015 


1013 


NA 
NA 
NA 


1027 65 
975 185 
939 50 
901 110 


NA 
NA 
NA 


{989 w 
25 
20 


1011 30 


1010-25 


1040 
1030 
1027 


Y 
135 
160 


1029 960 w { 


cm." 


1631 


1643 
1640 
1624 
1630 


1615 


s 
600 
650 


440 
510 


vs 


‘ 


ca 


1635>500 
1621 600 


1613 ss 
1580* s 


12 


? 
cm." 


1302 m 
1260 * w 


45 


65 
30 
30 


60 


1361 


1376 
1330 
1300 


1292 


1373 w 
1276 w 


1369 30 


1380 


20 


Ycu 


cm.+ €,4 


827 m 
840* w 
845 240 


845 200 
843 
843 


280 
240 


792 
819 
821 


827 
812 


135 
160 


w 
w 


ca 


w 
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6 
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7 


pyridone ring stretch 





P 
cm. e4 


14 
Pe 





— 


em, 


1187 


1192 


1176 


1179 
1174 
1195 


(CHCI,) 


1184 
1194 


820 * 40 


988 m 
970 w 


&q cm." 


s 1144* w 


220 1144 20 
320 


75 
80 
mw 


1158 95 
1152 70 
1149 m 
1150 * 20 


35 
m 


1160 * 25 
1180 m 


M. p. 


r™ 


ay 
Ea 


cm.}  é 
1384 


1401 
1408 
1403 
1394 


1458 
1471 
1470 


1472 


NA 
NA 
NA 


NA 
NA 


1106 ~=6s 


1119>550 


1108 750 


1110 6s 





Found 


146—147° 
92—93 


109—111 
60—65 
112—114 


184—186 
161—163 
183—185 


Lit. 


148-5° 
92—94 


60—65 
112—113 


186 
161—163 


f 





2950  Katritzky and Jones: Absorption of Heteroaromatic and 


No. 1-Subst. 


Pyrid-2-ones. 
H 


Me 
CH,Ph 
OH (sat.) 
OMe 
OCH,Ph 


Pyrid-2-thiones. 


H (sat.) 


Me 
CH,Ph 
OH 


6 


No. Ph 


cm." 
Pyrid-2-thiones. 
1 NA 


1492% 60 
14558 75 
NA 


NA 


hen 
1465 
NA 


50 
95 


13 


Box 
cm.* ex 
Pyrid-2-thiones. 


1 = 
2 1138 * 


1144 


1148 
1141 


1141 


25 


110 


m 
90 


80 


em.-! 


TABLE 2. Pyrid-2-ones and -thiones. 


1 


vOH or NH 
ea 


cm. 


3120 
3070 
2820 


NA 


2 


vCH 


cm. 4 


55 
50 


29905160 {i e56 


3000 = 880 
2990 105 
2940 s 

3000 3=—75 
3000 = 80 


1665 
1659 
1655 
1664 
1666 


2900 s 
(v. broad) 


NA 

NA 
2600 
(v. broad 


= 
‘ 


14 
Ea 


NA 
NA 
NA 
NA 
NA 
NA 
1135s 
1142 230 
1112 440 
1113 * 150 
1104 175 
1086 240 


1142 290 { 


30 


2960 
2960 


) 2990 
8 9 
ring stretching 


— 


cm.' €4 


1472 
1500 


1501 
1500 
1500 * 


90 1444: 


1415 
1435 * 
1446 
1439 


110 


30 
m 
40 


1492 ¥ 


1490 * 
1485* 35 
1473 155 
1488* 35 
1470 145 
1486 185 
1458 200 


60 


w 


1455 
1443 
1417 


1422 


1416 


15 16 
Ph 


cm."! cm."! 


NA 
NA 
1074 
1028 
NA 
NA 
1073 * 
1025 
NA 


NA 


25 
20 


: (—) 
NA {10278130 
1112 


1081 NA 


£1672 * 210 


650 


550 
600 
s 
640 
700 


NA 


1620 


4 


5 


ring stretching 





Cc 


cm.! €&, 


1619 330 


1590 370 
1590 440 
1570* s 

1593 300 
1591 330 


m 

(1590 =6s 
1628 145 
1624 130 


1612 70 


11 


Bou 
cm," 


1254 
1318 


1242 
1252 * 
1272 

1255 125 
1250 * mw 
1306 35 
1252 50 


1263 110 


18 


Bor 


cm.* 


1012* 25 


1018 20 


1010—s-115 
1010 20 
1040 
1020 


1027 ¢ 130 


1024 
(1013 


10 


15 


, a 
cm.1 gy, 


1544 


1545 
1541 
1560 ss 
1535 


1539 190 


1560* m 
1525* m 
1537 220 
1534 260 


1572 150 


12 


— 


Bou 


cm.* g& 


1156 
1154 


55 
85 


m 
60 
50 


w 


60 
80 


breathing? 
cmt & 


993 
NA 


NA 


NA 
NA 


NA 
998 
NA 


100 
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Z 
- wr = ° 


comstkt nm oO 


- 
i] 


Nj = Nujol mull (insoluble in CHC1,). 
considered to be the superimposition of two 
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20 
vC-—O 
cm. e, 
NA 
NA 
NA 
NA 
980 
960 
939 
NA 
NA 


NA 
NA 


115 
40 
40 


873 


871 
867 


Ea 
35 
50 
45 
m 
m 
30 
70 
45 
w 


cm." 


TABLE 2. 


22 
Ycu 


Extra 
bands 
cm.1 e, 


845 1097 15 


837 
842 
842 


835 
832 
834 


< 800? 
804 45 


830 25 
813.45 


95310 


990 
952 


15 
15 


bands. 


(Continued.) 
M. p. or b. p./mm. 


Pari X. 


vs) 
a 





Found 
105—107° 
t 98—100°/2 


74—75° 
148—149° 

t 130°/0-05 

76—78° 


124—126 
88—90 


85—87 
63—64 


sat. = saturated solution in CHC],. 
— Absence of band. 


Lit. 
106—107° 
122—124°/11 

715—76° 


> 


149—150° 
130°/0-05 
76—78° 
125 
89—90 
65—67 n 


*Shoulder. $ Band 
(—) Band masked by 


f 
f 


Sr ih 


stronger absorption. (CHCl,) Band masked by solvent. 
§ Band the intensity of which is markedly raised by overlap with neighbouring band. f B. p. 


Refs.: a, Tschitschibabin and Ossetrowa, Ber., 1925, 58, 1711. 6, This work. c, Gardner and 
Katritzky, J., 1957, 4375. d, Cunningham, Newbold, Spring, and Stark, J., 1949, 2091. e, King 
and Ware, /., 1939, 873. f, Jones and Katritzky, J., 1958, 3610. g, Ochiai, J. Org. Chem., 1953, 
18, 534. h, Kénigs and Geigy, Ber., 1884, 17, 589. i, Prill and McElvain, Org. Synth., Coll. Vol. II, 
John Wiley and Son Inc., New York, 1946, p. 419. j, Fischer, Ber., 1899, 82, 1302. k, Shaw, J. 
Amer. Chem. Soc., 1949, 71, 67. J, Philips and Shapiro, J., 1942, 584. m, Gutbier, Ber., 1900, 38, 
3359. mn, Shaw, Bernstein, Losee, and Lott, J. Amer. Chem. Soc., 1950, 72, 4362. 


NA = Band neither found nor expected. 


Approximate vibration modes of pyrid-2-ones.* 


Cm. ise 
~ - 


ie tl Ci. <x. 
R R R 


R 
(XIV) (XV) (XVI) (XVII) 
Col. 4 5 8 g 


(XVIII) 
10 


+ + 
N7-O N7~O ene =o —eO 
R R R R R 


(XXII) 
13 


(XIX) 
It 


(XX) 
i2 


(XXII) (XXIID) 
18 21 
* Double bonds are omitted. 


strong band at 3000—2940 [2975 + 20] * cm.* of intensity (135—170) [(155 + 15)] * for 
the 4-series and (70—115) [(85 + 15)] for the 2-series. This band was not present for a 
carbon tetrachloride solution of 1-benzylpyrid-2-one and for a tetrachloroethylene solution 
of 1-methylpyrid-2-thione, which indicates that it was due to the H-bonded chloroform 
C-H stretching band (cf. refs. 2, 3). 

C=O and C=S Stretching Modes (Table 1, cols. 5, 15; Table 2, cols. 3, 14).—These modes 
are found (see Table 3). In the 4-series earlier workers ® assigned the band at ca. 1630 cm. 
(Table 1, col. 4) to the vC=O; the present assignment is in better agreement with the 
pyrid-4-thione spectra and we have been informed by Dr. L. J. Bellamy ® that application 

* Parentheses signify apparent molecular extinction coefficients and square brackets denote arith- 


metical means and standard deviations, calculated by omitting shoulders and, in the case of e,, over- 
lapped bands. 


* Leonard and Locke, J. Amer. Chem. Soc., 1955, 77, 1852. 
* Personal communication, cf. Bellamy and Rogasch, Spectrochim. Acta, 1960, 16, 30. 


(XXIV) 


Col. 22 





2952 Katritzky and Jones: Absorption of Heteroaromatic and 


TABLE 3. 
vC=O yC=S 

1577—1575 cm. (430—600) 1119—1108 (> 550) 

1666—1655 cm.- (550—700) 1142—1112 (290—440) 
of his method of solvent shifts led him independently to the same assignment. The low 
positions of the C=O stretching bands are in accord with the expected high contribution of 
single-bond character of this link. Our data for the C=S bands are in reasonable agree- 
ment with those of Spinner ! who has discussed this region for pyrid-2- and -4-thione and 
their 1-methyl derivatives. 

Ring-stretching Modes (Table 1, cols. 3, 4, 6, 7; Table 2, cols. 4, 5, 8, 9).—The bands are 

assigned to these modes as in Table 4. These compounds show the usual four ring- 


TABLE 4. 
4-Series: ring-stretching modes. 


ca. 1650 cm.“ shoulder. 
1643—1621 cm.-! (440—650) [1630 + 10 cm.-! (555 + 90)] 
1510—1484 cm.-! (45—180) [1502 + 11 cm.“ (80 + 50)} 
1408—1394 cm.-! (25—155) for CO compounds; 
1471—1470 cm. (330—340) for CS compounds. 

2-Series: ring-stretching modes. 


1628—1590 [1603 + 17] cm.-t; (300—370) for CO, (70—145) for CS 

1572—1535 cm. (105—220) [1545 + 12 cm.-! (160 + 55)] 

1500—1458 [1479 + 17] cm.; (15—90) for CO, (155—200) for CS 

1455—1415 [1429 + 12] cm.-!; (20—110) for CO, (240—280) for CS. 
stretching bands, at positions not very different from those in pyridines and benzenes.‘ 
The 4-series compounds are of C2, symmetry and there is a very large disturbance of charge 
symmetry co-directional with the symmetry axis; the fact that one of the pair of higher- 
frequency bands is much stronger than the other is in agreement with this.“ As expected, 
for the 2-series compounds of C, symmetry, the difference in the intensities of the pair of 
higher-frequency bands is less. Changes in the position and intensity of the pairs of bands 
of iower frequency are less easy to explain: these bands are considerably stronger in the 
pyridthiones than in the oxygen compounds. 

Vibration of the Benzyl Groups.*—The benzene ring vibrations near 1600 cm. are 
doubtless hidden by stronger absorption; those near 1490 and 1450 cm.* can be 
distinguished (Table 1, col. 8; Table 2, col. 6), as can the phenyl Boy frequencies near 1070 
and 1028 cm." (Table 1, col. 17; Table 2, col. 16). A band at 1355—1350 cm. is possibly 
the CH, wagging mode. 

Vibrations of the Methyl Groups (Table 1, col. 9; Table 2, cols. 7, 17).—Some bands in 
the 1450 and 1050 cm.* regions are very tentatively assigned to methyl bending and 
rocking modes. 

Ring Modes.—The band for the 2-series compounds at 1387—1345 cm.+ (5— 45) 
[1358 + 17 (20 + 15)] (Table 2, col. 10) is possibly the ring vibration (XVIII). A band 
has been reported at 1315 + 11 cm.* in ortho-disubstituted benzenes ™ but is usually not 
easily detected in heterocyclic compounds. In the 4-series the compounds also show some 
unexplained bands hereabouts (Table 1, col. 12). Aromatic compounds in which the ring 
is free from heavy substituents in the 1,3,5-positions show a ring breathing mode near 
1000 cm.*; such are possibly the bands of Table 2, col. 19. 

In-plane CH Deformation Modes (Table 1, cols. 13, 14, 16, 18; Table 2, cols. 11—13, 
18).—These bands have been assigned (see Table 5) by comparison with other compounds 
containing the same orientation of ring hydrogen atoms. 

The NO Stretching Vibration.—This will absorb at fairly high frequencies because the 


1@ Spinner, J. Org. Chem., 1958, 23, 2037. 

" Katritzky, J., 1958, 4162. 

1 Randle and Whiffen, Paper No. 12, Report on Conference of Molecular Spectroscopy, Institute 
of Petroleum, 1954. 
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TABLE 5. 


4-Series para-Disubst. benzenés * 


Obscured (1258 + 11 cm. (ca. 15)] 
baal -1 7 
Doublet at{ T1982 tag His! = 7 cm." }variable e4 (1176 + 6 cm. (var.)] 


1093—1081 [1089 + 4] cm.-!; (ca. 20) {1111 + 7 cm. (20 + 15)] 
1030—1010 [1018 + 8} cm.-! (20—30) for CO, (135—160) for CS [1013 + 5 cm. (var.)] 
2-Series ortho-Disubst. benzenes 12 


1318—1254 cm.~! (35—125) [1270 + 32 cm. (80 + 30)] [1269 + 17 cm. (ca. 15)] 
1193—1154 cm. (50—85) [1168 + 15 cm. (70 + 15)] [1160 + 4 cm.- (20 + 10)] 
1150—1141 [1145 + 4] cm.-}, e, variable [1125 + 14 cm.— (25 + 15)] 
1040—1010 cm. (<25) [1019 + 11 cm.) [1033 + 11 cm. (50 + 40)] 


NO bond has some double-bond character in these compounds (overlap of oxygen 
p-orbitals with the aromatic ring). Bands near 1325 cm." (Table 1, col. 11) and 1100 cm. 
(Table 2, col. 15) have been provisionally assigned to these modes, but the first is doubtful. 

Alkyl-Oxygen Stretching Mode.—This has been assigned bands near 950 cm. (Table 1, 
col. 19; Table 2, col. 20). 

Out-of-plane CH Deformations.—The characteristic in-phase mode of four hydrogen 
atoms in 2,3,5,6-positions is shown in the 4series at 845—843 cm.? (200—280) 
(844 + 1 cm. (240 + 35)] for the oxo-compounds and at 821—819 cm. (135—160) for 
the thio-analogues (Table 1, col. 20). 

In the 2-series (Table 2, cols. 21, 22) there is a band at 917—871 cm. (30—70) (absent 
for two of the thio-compounds) and another at 845—832 cm.+ (20—85) for the oxo- 
compounds and at 813 cm. for the thio-analogues. ortho-Disubstituted benzenes with 
two donor substituents absorb at 916—906 cm.? (10—25) and many ortho-substituted 
benzenes show a band in the 900—800 cm.* region. 

General Conclusions.—The spectra of pyridones and pyridthiones have been shown to 
resemble those of other heteroaromatic compounds. The generalisations established for 
pyridines, etc., apply to these compounds and it has been possible to give a tentative 
assignment to nearly all the bands. The spectra reported here for potentially tautomeric 
pyridones and pyridthiones support the conclusion! that these compounds exist 
predominantly as such and not in the hydroxy- or mercapto-pyridine form. 


Experimental.—1-Benzylpyrid-4-one. Pyrid-4-one (0-95 g.), benzyl chloride (1-25 g.), and 
sodium in ethanol (0-22 g. in 25 c.c.) were refluxed for 1 hr. The solid was filtered off and the 
filtrate evaporated to give 1-benzylpyrid-4-one (1-1 g., 60%) which crystallised from benzene as 
deliquescent plates, m. p. 109—111° (Found: C, 77-7; H, 6-3; N, 7-7. C,,H,,NO requires 
C, 77-8; H, 6-0; N, 7-6%). 

1-Benzylpyrid-4-thione. 1-Benzyl-4-pyridone (0-4 g.) was heated with phosphorus penta- 
sulphide (0-8 g.) for 3 hr. at 130°. Aqueous sodium hydroxide (10% ca. 10 c.c.) was added and 
the alkaline solution extracted with chloroform (2 x 20 c.c.). The extracts were dried and 
evaporated to give 1-benzylpyrid-4-thione (0-19 g., 45%) which crystallised from ethanol as 
yellow plates, m. p. 183—185° (Found: C, 71-3; H, 6-0; N, 7-0. C,,H,,NS requires C, 71-6; 
H, 5:5; N, 7-0%). 

1-Benzylpyrid-2-thione was prepared by a method analogous to that of the 4-compound and 
crystallised from benzene as yellow needles (40%), m. p. 85—87° (Found: C, 71-0; H, 556%). 

Other compounds were prepared by recorded methods and recrystallised or distilled im- 
mediately before use. P 

The spectra were measured under the same conditions as before. 


We thank Dr. L. J. Bellamy for an interesting discussion and for communicating to us his 
unpublished results. This work was carried out during the tenure (by R. A. J.) of a D.S.I.R. 
maintenance grant. ‘ 


Untversity CHEMICAL LABORATORY, CAMBRIDGE. [Received, November 18th, 1959.] 
8 Katritzky and Simmons, J., 1959, 2051. 


™ Gardner and Katritzky, J., 1957, 4375; R. A. Jones and Katritzky, J., 1958, 3610; Mason, /., 
1957, 4874, 5010; 1958, 674. 
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Interaction at a Distance in Conjugated Systems. Part IV} 
The Ultraviolet Spectra of 4-p-Substituted Styryl- and Phenylethynyl- 
pyridines and their 1-Oxides and Benzenoid Analogues. 


By A. R. Katritzky, A. J. Boutton, and D. J. SHorrt. 


The ultraviolet spectra of the ionic and neutral species of the compounds 
mentioned in the title are recorded. The frequencies of the longest-wave- 
length band are used to obtain a measure of the influence of the substituents 
and heteroatoms on the energy of the transition from the ground to the first 
excited state. This, together with infrared and basicity data,'? indicates 
that long-distance interaction between substituent and heteroatom is 
qualitatively similar but is quantitatively much greater in the excited state 
than in the ground state. 


THE basicities of a series of 4-trans-styryl- and 4-phenylethynyl-pyridines (I, II; Z = N) 
and their l-oxides (I, II; Z = *N-O°) indicate that interaction between the substituents 
on the benzene rings and the heteroatom is always small, but is larger for the styryl than 
for the phenylethynyl series.2_ The intensities of the C=C and C=C stretching modes in 


re N-cuscn¢ ‘Z re \-cacl : 
(1) = —/ (II) 


the infrared spectrum show that the heteroatom and the substituent group influence the 
electron distribution essentially independently.1 The foregoing work was related to the 
ground state of the molecules: in order to obtain information about the degree of inter- 
action in excited states we have now studied ultraviolet spectra. 

The absorption maxima are recorded in Table 1. We wished to compare the energies 
of the electronic transition from the ground to the first excited state in these compounds; 
this is proportional to the frequency of the longest-wavelength band. These frequencies 
are given in Table 2; where the band had vibrational fine structure the true position of 
the band centre was estimated by the extrapolation to the smoothed-out envelope of mid- 
points of lines connecting points on the envelope of equal extinction. 

The effect of the substituents in the purely benzenoid compounds is measured by the 
differences between the values for the substituted compounds and that for stilbene or 
tolan. These differences are given in Table 3, cols. 1 and 6. They are all negative, 
showing that the introduction of the substituents lowers the energy of transition to the 


TABLE 1. Positions and absorption coefficients of light absorption maxima of substituted 


stilbenes and tolans. 


Compounds R-C,H,-CH=CH-C,H, 


R=H 
NMe, 


OMe 

Me 

Cl 

NO, 
Compounds 
R=H 


OMe 
Me 


Cl 
NO, 


a 
a 


a 
a 


228 (15,400); 
234 (11,500); 
228 (14,000); 
229 (13,000); 
230 (15,400); 
230 (14,200); 
242 (10,200); 


294 (27,900) ; 
330 (21,000) 

297 (28,700) ; 
303 (28,100); 
229 (29,000) ; 
300 (32,400); 
267 (8,320) *; 


R-C,H,-C=C-C,H, 


215 (17,200); 220 (15,400); 237 (7,800); 264 (19,100); 272 (20,900); 279 (27,000); 


307 (27,600) 


308 (28,400) 
318 (27,500) 
312 (29,000) 
313 (31,800) 
356 (21,400) 


287 (19,600); 296 (23,800) 


287 (28,400) ; 
218 (19,000) *; 


303 (24,400) 


(24,600); 300 (30,400) 


223 (16,400); 269 (24,800); 277 (27,500); 285 (36,200); 293 (26,100); 302 (32,200) 
234 (12,000) ; 


330 (20,100) 


223 (16,800) *; 





1 Part III, Katritzky, Boulton, and Short, J., 1960, 1519. 


2 Part II, Katritzky, Short, and Boulton, /J., 1960, 1516. 





267 (23,600); 275 (26,000) *; 282 (34,200); 291 
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TABLE 1. (Continued.) 
Compounds R-C,H,’CH=CH:C,H,N 
R=H 227 (13,700); 304 (23,600) 
234 (11,200); 335 (20,100) 
250 (9,100); 374 (23,600) 
260 (10,700); 392 (13,700) *; 461 (17,800) 
230 (11,700); 325 (22,100) 
231 (10,800); 322 (21,700) 
247 (15,800); 365 (21,000) 
231 (14,100); 314 (31,300) 
240 (13,600); 348 (22,200) 
229 (14,000); 312 (30,500) 
238 (13,700); 339 (23,000) 
334 (22,800) 
338 (23,000) 
Compounds R-C,H,C=C-C,H,N 
R= H 216 (15,800); 233 (10,300); 244 (10,300); 282 (25,700); 298 (23,300) 
234 (11,300); 275 (10,000); 282 (9,900); 327 (22,000) 
249 (13,900); 256 (13,000); 263 (12,000); 306 (26,100) 
244 (15,800); 275 (8,800) *; 354 (25,600) 
225 (15,200); 240 (11,500); 251 (10,600); 290 (26,400); 305 (26,500) 
237 (14,000); 275 (9,600); 283 (8,700) *; 339 (25,600) 
238 (10,600) *; 249 (12,200) *; 256 (13,400) *; 287 (31,700); 304 (29,600) 
234 (15,400); 251 (10,700) *; 275 (11,600); 283 (11,000) *; 331 (27,800) 
315 (23,700) 
326 (30,100) 
Compounds R-C,H,-CH=CH-C,H,NO 
R=H 213 (20,800); 239 (12,100) *; 278 (8,800); 316 (13,000) 
237 (12,100); 342 (11,700) 
277 (12,500); 403 (22,500) 
277 (12,800); 328 (40,300) 
232 (18,400); 326 (17,500) 
247 (18,300); 347 (36,700) 
248 (7,700); 374 (8,700) 
243 (15,600); 325 (17,400) 
244 (19,300); 356 (18,700) 
232 (13,200); 338 (41,100) 
243 (12,000); 356 (33,600) 
220 (16,500) *; 352 (34,400). 
220 (14,000); 351 (33,800) 
Compounds R’C,H,y’C=C-C,H,NO 
R=H 218 (20,500); 309 (45,100); 326 (47,600) 
236 (16,900); 282 (13,300); 339 (28,700) 
217 (14,600); 331 (35,800) 
240 (15,700); 289 (9,700); 347 (23,300) 
217 (17,600); 313 (35,400) *; 330 (38,000) 
238 (23,600); 265 (25,400); 344 (24,400) 
218 (18,000); 331 (33,700) 
214 (32,100); 341 (61,100) 


* Shoulder. Letters refer to solvent: a, 50% ethanol-water; b, 50% ethanol-aqueous sodium 
phosphate buffer, pH 10; c, 1-0N-aqueous H,SO,; d, aqueous sodium phosphate buffer, pH 10; 
e, phosphate buffer, pH 5-3; /, 5-On-aqueous H,SO,; g, 20N-aqueous H,SO,; h, phosphate buffer, 
pH 2-2. Phosphate buffers were ca. 0-01m in phosphate. Positions are given in mp, with molar 
absorption coefficients in parentheses. 


NMe, 


OMe 
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OMe 
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TABLE 2. Frequency of longest-wavelength band (cm."). 
2 3 4 5 6 7 8 9 10 
Compounds R-C,H,-CH=CHAr Compounds R-C,H,-C=CAr 


— — a 

Py PyHt PyO PyOH* Ph Py PyH*t PyO PyOHt 
26,750 21,700 24,800 — _ _ _ 
31,200 27,400 28,800 26,760 32,700 28,250 — — 

32,000 28,760 30,800 28,100 33,750 29,700 30,700 28,850 

33,200 29,900 31,700 29,270 35,800 34,700 30,800 31,600 29,700 

32,630 29,400 29,600 28,260 34,900 34,000 30,400 31,200 29,100 

29,950 29,600 28,400 28,600 31,800 30,700 30,100 29,500 
— 30,800 30,500 30,750 — = on _ — 
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TABLE 3. Interaction between heterocyclic group and substituent (cm.*). 


1 2 3 4 5 6 7 8 9 10 
Compounds R-C,H,-CH=CHAr Compounds R-C,H,-C=CAr 
(See (See : 
text) Py PyH+ PyO PyOHt text) Py PyH*+ PyO PyOH*+ 
(— 240) (—3540) (—1740) (— 4170) (—1100) (—5000) (— 4200) (— 6100) 
—3260 -—5010 —3710 — (—) _ —_— — _ 
—1060 —1560 -—1960 -—1570 (—1700) -—300 —850 — — 
—760 -—700 -—460 -—730 (—750) -—200 -—350 -—150 —100 
+70 +140 —1460 -—370 (—900) +200 +500 +500 +300 
+2090 +5040 +2040 +4670 (—5660) +2750 +5550 +4150 +5450 
+1040 —1060 +1620 (—) _- —_ — — 





excited state in all cases. For both the stilbenes and tolans the size of the effect varies 
with the substituent thus: NO, > NMe, > OMe > Cl > Me > NMe,H*. The effect 
therefore depends on the conjugation power of the substituent but not on whether it is an 
electron-acceptor or -donor. For the electron-donor substituents (OMe, Me, Cl) the effect 
is considerably greater in the tolan than in the stilbene series, probably because of the 
superior electron-withdrawing power of the C=C group than of the C=C group. 

The effect of the hetero-groups in the unsubstituted heterocyclic compounds is indicated 
by the difference between their frequencies and that of stilbene or tolan. These differences 
are given in the first row of Table 3, and are in the ordez,* Py < PyO < PyH* < PyOH’*, 
which is that expected for increasing perturbation of the aromatic system by the heteroatom. 

For the substituted heterocyclic compounds, the substituent will alter the extent to 
which the hetero-group interacts with the rest of the system, and the hetero-group will 
alter the extent to which the substituent interacts. It is impossible to separate these two 
effects. The object of this work was to measure the interaction between the substituents 
and the hetero-groups, and it is considered that a measure of this is given by subtracting 
from the observed frequency the quantities expected-to result from the substituent, the 
hetero-group, and the aromatic system,f i.e.: 


Vinteract. = Ysubst. het. — (Veubst. benz. Ypenz.) 
— (het. = Ypenz.) — Ybenz. 
= Veubst. het. + Ybenz. — Vhet. — Vsubst. benz. 


The quantities Vinteract. are listed in Table 3, cols. 2—5, 7—10. 

We shall consider first the dimethylamino-, methoxy-, and methyl compounds. The 
quantities are all negative, i.e., the interaction !owers the energy of transition to the 
excited state, which is as expected since these groups are electron-donors. The magnitude 
depends largely on the group, NMe, > OMe > Me, 7.e., on the electron-donor power of 
the substituent. It also depends on the intervening group, C=C > C=C, which agrees with 
the conclusion from the basicity work that interaction through a double bond is greater 
than through a triple bond. The variation with the heterocyclic group is uneven and 
relatively small; this is rather unexpected: it indicates that for each substituent there 
is an increase of interaction on passing from the benzenoid to the heteroaromatic system, 
but that there is little variation through the various heterocyclic types. 

For the chloro-ethynyl compounds the interaction is small and unfavourable, 7.e., the 
energy required for the transition to the first excited state is raised. This demonstrates 
that the electron-withdrawing inductive effect of chlorine is dominant. For the chloro- 
ethylenes, the interaction is less unfavourable, or even (in the case of the N-oxides) 
favourable: this probably indicates that the mesomeric electron-donor nature of chlorine 


* Here and elsewhere Py indicates pyridine, PyO pyridine l-oxides; the cationic species are desig- 
nated similarly. 

+ This is only true if the whole molecule behaves as one single conjugated system. If the two halves 
of the molecule were but weakly conjugated with each other, then clearly the frequency expected (for no 
interaction) would be the same as if only the most powerful of the two substituents were present. How- 
ever, we consider that the spectra of stilbene and tolan themselves show evidence of strong conjugation. 
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js more important, which is reasonable in view of the increased interaction through the 
ethylenic linkage. 

For the nitro-compounds the result, Ph > Py > PyO > PyH* ~ PyOH*, demon- 
strates the opposing influence of the nitro-group and the heteroatoms, which as expected is 
stronger for the cationic rings than for the other heterocyclics. It is of interest that this 
unfavourable interaction is greater for the acetylenes than for the ethylenes, which 
suggests that it is partly inductive in nature. 

The available data for the NMe,H* group indicate an opposing effect for the two 
cationic rings, but quite a large favourable interaction for the pyridine oxide. This may 
be due to back-co-ordination of type (ITI). 


Q ‘3 
HMe N X \ion cH Snot 


(III) 
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General Conclusions.—Basicity measurements ? indicated that the interaction between 
substituent and hetero-group in 4-p-substituted styryl- and phenylethynyl-pyridines was 
small but measurable, and was greater in the former class of compound. The present 
work shows that the interaction in the first excited state, while qualitatively similar, is 
much greater than the interaction in the ground state. 


Experimental.—Preparational details have been given before.s* The spectra were 
measured on a Cary Model 14M-50 recording spectrophotometer in the solvents indicated in 
the footnotes to Table 1. 


We thank Dr. J. N. Murrell for helpful discussion. 
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597. The Alkaline Hydrolysis of Some N-Acyl-benzanilides and -benz- 
amides, with a Note on the Behaviour of N-Acylbenzanilides in 
Sulphuric Acid. 


By Avex. H. LAMBERTON and A. E. STANDAGE. 


Rate constants have been allotted for the competitive modes of alkaline 
hydrolysis of compounds X°C,H,-CO-NPh’COPh and X-C,H,-CO-NH-COPh, 
which result in the removal of X°C,H,°CO or Ph‘CO. For meta- or para- 
substituents X, the rate of removal of X-C,H,°CO can be correlated with the 
pk, of the acid X-C,H,°CO,H, or with the rate of hydrolysis of the amide 
X°C,H,’CO-NH,; to obtain the second correlation, the rates of hydrolysis of 
substituted benzamides have been measured. The rate of removal of Ph-CO 
varies, though to a smaller extent, with changes in X, and shows some 
relation to the strength of the acid X°C,H,°CO,H. ortho-Substituents exert 
steric hindrance at the nearer carbonyl group, but influence the farther 
reaction centre in a more normal fashion. 

Hydrolysis may be brought about rapidly by concentrated sulphuric acid, 
where a different méchanism operates, steric retardation disappears, and 
the weaker acid, rather than the stronger, is produced preferentially. 





WHEN two acyl groups are directly linked to a single central atom, they render each other 
mutually more susceptible to attack by nucleophilic reagents. Kinetic aspects of the 
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behaviour of acid anhydrides! and of @-diketones? have been investigated, but only 
qualitative observations have hitherto been made on NN-diacylamines.* 


TABLE 1. Alkaline hydrolysis of the N-acylbenzanilides R°CO*NPh°COPh in 
methanol—water (76 : 24, w/w) at 54-6°. 


Total rate of Percentage of Ph-CO,H Rate of removal 
hydrolysis * molecules formed (1. mole min.~) of 
Nature of R (1. mole min.~) at 54-6° at 71° R-CO Ph:CO 
Phenyl 0-34 0-17 0-17 
o-Nitrophenyl 0-30 100 96 0-30 
m-Nitropheny! 4:3 13 12 3- 0-6 
p-Nitrophenyl 6-2 15 16 5 0-9 
o-Bromopheny] 0-29 97 95 . 0-28 
m-Bromophenyl 1-50 36 36 | 0-54 
p-Bromopheny] ......... 0-95 31 33 “66 0-29 
o-Tolyl 0-24 100 i 0-24 
0-25 54 0-13, 
0-23 59 0-13; 
p-Methoxyphenyl 0-21 61 : 0-13 
p-t-Butylphenyl 0-22, 77 “05 0-17, 
a-Naphthyl 0-50 100 i 0-50 
* With respect to the anilide (initially ca. 0-01mM) and potassium hydroxide (initially ca. 0-02, 
or ca. 0-01 for the faster rates). 


Z 
a 
C 


COIS TmeOtE& ¢ 


N-Benzoylbenzanilide is hydrolysed at least 1000 times faster than benzanilide; for 
N-benzoylbenzanilide (and similar compounds) it is therefore possible to follow the first 
stage of hydrolysis (Ph-CO-NPh-COPh + KOH —» Ph:CO,K + Ph-NH:COPh) without 
interference by subsequent similar reactions. In addition to N-benzoylbenzanilide itself, 
we have studied a series of unsymmetrical compounds X*C,H,*CO-NPh-COPh where X is 
o-, m-, or p-NO,, 0-, m-, or p-Br, o-, m-, or p-Me; p-OMe, or p-Bu', and the related «- 
naphthyl compound C,,H,-CO-NPh-COPh. For all‘of these we have determined the 
(second-order) rate of alkaline hydrolysis, and, for the unsymmetrical compounds, also the 
relative rates of attack on the dissimilar carbonyl groups. This has been done in normal 
fashion by hydrolysis to completion, and quantitative analysis of either the acid 
(X°C,H,°CO,H mixed with Ph°CO,H) or the neutral products (X°C,H,-CO-NHPh mixed 
with Ph-CO-NHPh). By combining these observations we have obtained rate constants 
applicable to the competing, and concurrent, processes of hydrolysis, and our results are 
presented in Table 1. 


TABLE 2. Alkaline hydrolysis of the N-acylbenzamides R*CO*NH°COPh in 
methanol—water (76 : 24, w/w) at 54-6°. 


Total rate of Percentage Rate of removal 
hydrolysis * of Ph-CO,H (I. mole min.~) of 

No. (l. mole min.*) — molecules formed R:CO Ph-CO 

14 ‘ 0-07, 

15 p-Nitrophenyl 25 15 

16 m-Bromophenyl 2: 35 1-6 

17 «-Naphthyl 0-46 100 (at 71°) nil 

* With respect to the amide (initially ca. 0-01m) and potassium hydroxide (initially ca. 0-02M, or 
0-01m for the faster rates). 


We have similarly examined four N-acylbenzamides (X*C,H,CO*-NH°COPh; Table 
2) (which are hydrolysed about 1000 times faster than the amides X-C;H,-CO-NH,), and 
four unclassified N-acylanilides (Table 3). 


1 E.g., see bibliographies and collected data by Vles, Rec. Trav. chim., 1933, 52, 809; Gold, Trans. 
Faraday Soc., 1948, 44, 506; Berliner and Altschul, J. Amer. Chem. Soc., 1952, 74, 4110; Koskikallio, 
Ann. Acad. Sci. Fennicae, A II, 1954, 57, 7; Tedder, Chem. Rev., 1955, 55, 805. 

* Robinson and Bradley, J., 1926, 2356; Kutz and Adkins, J. Amer. Chem. Soc., 1930, 52, 4036. 

% Wheeler and Boltwood, Amer. Chem. J., 1896, 18, 381; Wheeler, ibid., p. 695; Wheeler and 
Walden, ibid., 1897, 19, 129; Titherley and Stubbs, /., 1914, 105, 299. 
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TABLE 3. Alkaline hydrolysis of unclassified N-acylanilides in methanol—water 
(76 : 24, w/w) at 54-6°. 
Compound Results 
[Rates (1. mole min.~!) with respect to the anilide (initially 

ca. 0-01m) and potassium hydroxide (initially ca. 0-01 or 
0-02m)] 

(Ph-CO),N°C,H,Br(p) Total rate, 0-47; rate applicable to each Ph-CO group, 0-23, 

p-Br-C,H,’CO-N(COPh)-C,H,Br(p) Total rate, 1-05; percentage of Ph*CO,H molecules formed, 
28; rate applicable to p-Br-C,H,°CO, 0-76; to Ph-CO, 
0-29 


(m-Br°C,H,°CO),NPh Total rate, 2-8; rate applicable to each m-Br-C,H,°CO 
group, 1-4 

(p-MeO-C,H,°CO),NPh Total rate, 0-13; rate applicable to each MeO-C,H,-CO 
group, 0-06, 


TABLE 4. Alkaline hydrolysis of benzamides R-CO-NH, in methanol—water 
(78 : 22, w/w) at 54-6°. 
105% * 105k * 
(1. mole min.“) . (1. mole min.~) 


o-Nitrophenyl 

m-Nitrophenyl 

p-Nitrophenyl p-Methoxyphenyl 
o-Bromophenyl , p-t-Butylphenyl 
m-Bromophenyl é a-Naphthyl 
p-Bromophenyl 


* With respect to the amide (initially ca. 0-08m) and potassium hydroxide (initially ca. 1-Om). 


Alkaline hydrolysis of substituted benzamides has been studied by Reid‘ and by 
Meloche and Laidler.6 In neither case were the conditions of solvent and temperature 
closely comparable with those which we found convenient for the study of the diacyl 
compounds; and our preliminary experiments, together with Kay’s work® on the 
hydrolysis of N-benzoylbenzanilide, suggested that the corresponding benzanilides would 
be hydrolysed too slowly for convenient measurement.* We have therefore made the 
fresh measurements, on benzamides, which are set out in Table 4, and whose relation to 
the pK, values of the corresponding acids is shown in line I of Fig. 1. 


DISCUSSION 


Inspection of Table 1 shows, first, that ortho-substituents almost completely prevent 
attack on the nearer reaction centre; and the steric hindrance appears to be more complete 
than in the case of the similarly substituted amides (Table 4). 

For the meta- and para-substituted compounds the stronger acid is liberated 
preferentially; but the rate of hydrolysis of the invariant benzoyl group is not constant. 
Each acyl group greatly stimulates the hydrolysis of the other; and, superimposed upon 
this, variations in the nature of one acyl group alter, not only its own reactivity, but also 
the behaviour of the more distant reaction centre. In general, the more electron-attractive 
group stimulates the hydrolysis of the other acyl group without receiving, in return, an 
adequate compensation; and, in 7 cases of the 8 meta- or para-substituted compounds, the 
observed molecular ratio CgH;*CO,H/X°C,H,°CO,H is closer to unity than is suggested by 
an unsophisticated calculation from the rates of amide hydrolysis given in Table 4. 

* This conclusion was perhaps over-hasty. Asinger’s results 7 suggest a rate of 11 x 10-41. mole 
min.! for the alkaline hydrolysis of benzanilide in aqueous methanol (MeOH-H,O, 67 : 33, w/w) at 


78° + 2°. From this, benzaniljde appears to be somewhat, but not very much, less easily hydrolysed 
than is benzamide. 


* Reid, Amer. Chem, J., 1899, 21, 284; 1900, 24, 397. 

5 Meloche and Laidler, J. Amer. Chem. Soc., 1951, 78, 1712. 
® Kay, Ber., 1893, 26, 2853. 

7 Asinger, J. prakt. Chem., 1935, 142, 291. 
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Whilst the quantitative results of the hydrolysis of X-C,H,-CO*-NPh-COPh cannot be 
predicted simply from the rates of amide hydrolysis, we have found that, with the benzoyl 
group invariant, the rate of removal of m- or p-X-C,H,°CO is directly related to the rate of 
hydrolysis of m- or p-X°C,H,*CO-NH, (Fig. 2, line I), and, consequently, to the pK, of the 
acid X°C,H,°CO,H (Fig. 1, line II). In these meta- and para-substituted compounds, the 
rate of hydrolysis of the invariant benzoyl group shows some degree of relationship (Fig. 1, 
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(I) Hydrolysis of X-C,H,-CO-NH,: plot of log & against pA, of X°C,H,CO,H. Equation of line, 
log k = 2-63 — 1-45pK,. 
(II) Removal of X°C,H,-CO from X-C,H,yCO-NPh-COPh: plot of logk — 2 against pK, of 
X°C,H,CO,H. Equation of line, log k = 7-24 — 1-90pK,. 
(III) Removal of Ph-CO from X-C,H,-CO-NPh:COPh: plot of log 4 — 0-8 against pK, of X-C,H,°CO,H. 
Equation of line, log k = 2-94 — 0-87pK,. 
(IV) Removal of Ph-CO from X-C,H,-CO-NPh-COPh: plot of log & against pK, of X-C,H,°CH,°CO,H. 
Equation of line, log k = 6-10 — 1-59pK,. 
In (III) and (IV) the points marked [ refer to o-substituted compounds, and have not been used in 
fixing the position of the lines. 
Values of & are in 1. mole min... 
Arabic numerals denote that X in X-C,H, is: 1, p-NO,, 2, m-NO,; 3, m-Br, 4, p-Br; 5, H; 6, m-Me; 
‘7, p-Me; 8, p-But; 9, p-OMe; 10, X-C,H, replaced by a-C,,»H,; 11, o-Me; 12, o-NO,; 13, o-Br. 


Fic. 2. 


Logarithms of rates of removal (f, 1. mole“! min.~') of groups X-C,H,°CO against logarithms of rates of 
alkaline hydrolysis (A’, 1. mole-! min.~') of amides X-C,H,-CO*-NH,. All determinations in MeOH- 
H,O (76: 24 for k; 78: 22 for hk’, w/w) at 54-6°. 

(I) From molecules X-C,H,-CO-NPh-COPh. Points O. 
(II) From molecules X-C,H,-CO*-NH:‘COPh. Points A. 
(III) From molecules X-C,H,-CO-N(COPh)-C,H,Br(p). Two points [) only. 

For arabic numericals see Fig. 1. 


line III) to the strength of the acids X-C,H,CO,H. The divergencies from line III are 
of the same order (15—20%) as those from line II; but the observations cover only an 
8-fold range in rates in place of the 100-fold range covered by line II, and we hesitate to 
claim that they prove a quantitative relation. 

Consideration of the geometry of the molecules led us to compare the rate of hydrolysis 
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of the invariant benzoyl group with the strength of the phenylacetic acids 
X-C,H,CH,°CO,H. It is certain that, in X°CsH,-CO*-NPh°COPh, the three benzene rings 
cannot be co-planar. If complete conjugation does not extend from one acyl group to the 
other, then the transmission of any effect from the variant acyl group to the benzoyl 
reaction centre might well resemble the transmission to the carboxyl group in phenylacetic 
acids, rather than in benzoic acids. This relation is shown in line IV of Fig. 1; but com- 
parison of the “‘ fit ’ of the experimental points to lines III and IV provides no evidence 
in favour of a change from the pK, values of the benzoic to those of the phenylacetic acids. 

For the ortho-substituted compounds the rate of hydrolysis at the more distant carbonyl 
group might well be consistent with the rough relations (Fig. 1, lines III and IV) found for 
the meta- and para-compounds. Of the four points available for comparison with line III, 
two fit well, but two cannot be plotted in the area of the figure. Points from all four 
ortho-substituted compounds can at least be plotted against line IV; but the agreement is 
reasonable only in one case. 

Comparison of the N-acylbenzamides (Table 2) with the corresponding N-acylbenz- 
anilides shows that the removal of the phenyl group may either decrease (compare 
14 with 1) or increase (compare 15 with 4) the rate of hydrolysis; but caution in com- 
parison is desirable, since the N-acylbenzamides contain a slightly acidic hydrogen atom. 
For example, N-benzoylbenzamide dissolves, though slowly, in an excess of cold 0-02m- 
sodium hydroxide; and it is reprecipitated unchanged by hydrochloric acid, by carbon 
dioxide, or by addition of ammonium acetate sufficient to give a pH of ca. 8-8. If salt 
formation were complete in methanolic alkali at 54-6°, then the concentration of hydroxyl 
ions would be reduced, and the pseudo-unimolecular reaction 


[(CgHs*CO),N]- + HO ——w (C,H,*CO,)- + CgHy*CO*NH, 


would take place. We were, however, able to follow the course of hydrolysis by back- 
titration with standard hydrochloric acid; and the constants we obtained showed no 
noticeable “ drift.” But these constants (Table 2) should be accepted only for what they 
experimentally are—values calculated on the basis of the second-order rate formula, and 
on the assumption that, in methanol—water (76 : 24, w/w) at 55°, the N-acylbenzamides do 
not effectively reduce the concentration of hydroxyl ions by salt formation. 

The results collected in Tables 2 and 3 do, however, suggest that relations, similar to, 
but not identical with, those already discussed for the series X°C,H,-CO-NPh-COPh, could 
be established for the variants X*C,H,CO-NR’COPh. For R’ = H (Table 2), the three 
points available for the rate of removal of X°C,H,°CO are approximately linear (Fig. 2, 
line II), with a steeper slope than for line I (for which R’= Ph). Excluding the «-naphth- 
amide (17), three points are available for the rate of removal of Ph*CO; plotted as for 
Fig. 1 (lines III and IV), they suggest a similar degree of relationship, with a better linear 
“ fit’ by use of the benzoic acids as reference compounds. All that can be said, with 
confidence, is that any linear relations would be steeper than lines III and IV. For 
example, compare ratios for the rate of removal of Ph-CO: Table 1, No. 4/No. 1 = 5-3; 
Table 2, No. 15/No. 14 = 67. In general it thus appears that the N-acylbenzamides show 
a greater variation in rates of hydrolysis than do the N-acylbenzanilides; we think this 
may be due to the greater possibility of planarity when the third benzene ring is absent. 

Two points, from p-bremoanilides (Table 3), are also indicated in Fig. 2. They, and 
the corresponding rates of elimination of Ph-CO, are consonant with our other observations. 

The Behaviour of N-Acylbenzanilides in Sulphuric Acid.—N-Benzoylbenzanilide reacts 
with concentrated sulphuric acid at room temperature and, on dilution with water (added 
as ice), hydrolysis to a mixture of benzanilide and benzoic acid is found to have occurred. 
It was our intention to examine the initial stage (in sulphuric acid) of this reaction 
kinetically, but the reaction was too rapid for us to follow, and seemed almost concurrent 
with the process of dissolution. We were, however, able to determine the relative rates 
of attack on the two acyl groups, in compounds of the type X°C,H,-CO-NPh-COPh. 
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Conditions were found in which the diacyl compounds reacted to completion, but the 
resultant anilides were unaffected. Our results, based on analyses of the anilide or acid 
fractions, are given in Table 5. 


TaBLE 5. Hydrolysis of the N-acylbenzanilides, X-C,Hy-CO-NPh-COPh, by means of 
sulphuric acid (98%, w/w; at room temperature) and subsequent dilution with water. 


PE Auvddanehscsusestscevctmeeecenss o-NO, m-NO, ~-NO, o-Br m-Br -Br o-Me m-Me p-Me 
C,H,°CO,H (molar %) ...... 89 99 100 60 97 87 10 44 20 


It can be generally concluded that the acid hydrolysis is of a totally different character 
from the alkaline. For meta- and para-substituted compounds, the weaker acid is now 
eliminated preferentially. The ortho-substituted compounds show no sign of steric retard- 
ation; in fact, the reverse is true since, for constant X, the group X°C,H,°CO is 
eliminated most readily (= lowest Ph*CO,H) when X is in the ortho-position. These 
results appear to be explicable in terms of the production of acylium ions (e.g, 
Ph-CO:NPh:COPh + H* —» Ph-CO* + Ph-NH-COPh): compare the behaviour of 
methyl mesitoate,® and the mechanism proposed by Duffy and Leisten ® for the hydrolysis 
of amides in sulphuric acid. 


EXPERIMENTAL 


Reaction rates were evaluated on the basis of natural logarithms, and the temperature was 
controlled within 0-1°. 

Rate of Hydrolysis of the Diacyl Compounds.—The acyl-anilide or -amide (0-8—1-0 mmole) 
was weighed into a two-necked flask (115 ml., B.14 ground-glass sockets), and dissolved in 
neutral methanol (80 ml.). The flask was then heated in the thermostat under a reflux con- 
denser with a carbon dioxide guard-tube, and with the second socket stoppered. After 15 min., 
standard potassium hydroxide (20 ml.; ca. 0-1mM; pre-heated in the same thermostat) was 
added. Samples (10 ml.) were run into ice-cold neutral methanol, and titrated with standard 
hydrochloric acid (ca. 0-01M), with a-naphtholphthalein as indicator. In the determination 
of some of the fast rates (e.g., p-NO,°C,H,-CO-NPh:COPh) it was preferable to halve the con- 
centration of the potassium hydroxide. These conditions correspond to a methanol—water 
ratio of 76-3 : 23-7 w/w, and a volume of 102-5 ml. at 54-6°; the molarities of the reagents have 
been adjusted to this basis in the calculation of the reaction rates. 

It was found that the reaction did not run smoothly from the moment of addition of the 
alkali. There appeared to be an undue extent of hydrolysis at the time of mixture; and better 
results, without “ drift ’’ of the constant, were obtained by taking the time of the first sample 
(5—10 min. after mixture) as the initial point of the run. The alkali concentration at this new 
zero time was obtained directly by titration of the sample, whilst the concentration of the 
diacyl compound was calculated from the original weight and the quantity of alkali which had 
already been absorbed. 

Rate of Hydrolysis of the Benzamides.—The amide (ca. 4 mmoles) was weighed into a 50 ml. 
graduated flask, and dissolved in methanol (ca. 25 ml.). Standard potassium hydroxide 
(10 ml.; ca. 5M) was added, with cooling in ice, and the volume made up (now at room temper- 
ature) to 50 ml. with methanol. Samples (4 ml.) were sealed in alkali-resistant ‘‘ boron-free ” 
glass tubes,* and heated in the thermostat. 

These conditions correspond to a methanol : water ratio of 77-8 : 22-2, w/w, and a volume of 
51-6 ml. at 54-6°. The reaction rates given in Table 4 are the true rates in terms of molarities 
at 54-6°. 

The samples were analysed by washing the well-cooled contents of the tube into a semimicro- 
Kjeldahl distillation apparatus, which already contained magnesium chloride solution (5 ml.; 
2n) to neutralise the potassium hydroxide. The ammonia was distilled, in steam, from the 


* In the use of “ boron-free ’’ glass we have followed the example of Meloche and Laidler.’ We 
were supplied with the following analysis: Al,O;, 2-5; B,O,, 0-78; CaO, 5-4; MgO, 3-6; K,O, 0-35; 
SiO,, 70-0; Na,O, 17-8; SO,, 0-2%. 

8 Treffers and Hammett, J. Amer. Chem. Soc., 1937, 59, 1708; Ingold, ‘‘ Structure and Mechanism 
in Organic Chemistry,” G. Bell and Sons, London, 1953, p. 771. 

* Duffy and Leisten, Nature, 1956, 178, 1242; /., 1960, 545. 
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the suspension of magnesium hydroxide into standard hydrochloric acid (25 ml. of ca. 0-01m), and 
acid the ammonia determined by back-titration with potassium hydroxide, Methyl Red being 
used as indicator. 

Complete Alkaline Hydrolysis of One Acyl Group from the Diacyl Compounds, and Separation 








f of Neutral from Acidic Products.—The N-acylanilide (1 mmole) was heated with methanol 
(8 ml.) and aqueous potassium hydroxide (2 ml. of 3-5m) under reflux on a steam-bath for 30 min. 
Me (temperature of boiling liquid, 71°). The methanolic solution and methanolic rinsings were 
20 then transferred to a constant-extraction apparatus, mixed with distilled water (50 ml.), and 
extracted with ether for 2 hr. to obtain the anilide hydrolysis products. After acidification 
acter with concentrated hydrochloric acid (1 ml.), the acid hydrolysis products were extracted (3 hr.) 
now with fresh ether. The anilide and acid mixtures were isolated and dried by evaporation, 
‘ard- followed by the addition and subsequent boiling off of dry acetone (3 x 50 ml. in each case), and 
O is finally by heating for 10 min. in an oven at 100°. Other methods of separation were tried, but 
‘hese discarded; for example, simple drying in an oven caused losses in weight, which could be 
avoided by the azeotropic removal of water in acetone. We standardised our procedure on 
(eg., synthetic mixtures of benzanilide, anisanilide, benzoic acid, and anisic acid; we were able to 
i of recover over 99% of the anilide material, and over 98% of the acid material. 
lysis “ Complete hydrolyses ’’ at 54-6° were carried out in the same manner, but with heating for 
40 hr. in the thermostat. There was no significant difference between the analytical results 
obtained after hydrolysis at 71° and at 54-6°. We therefore consider that, when ‘‘ complete 
hydrolysis ’’ at 54-6° was inconveniently slow, the proportions determined after hydrolysis at 
» was 71° can be used without undue error. 
The N-acylamides (15, 16, 17) were treated in similar fashion. 
mole) Complete Hydrolysis of One Acyl Group from the Diacyl Compounds by Means of Concentrated 
ed in Sulphuric Acid, and Separation of Neutral from Acidic Products.—The N-acylanilide (1 mmole) 
con- was dissolved in sulphuric acid (2 ml. of 98% w/w), and set aside at room temperature for 16 hr. 
min., Ice (25 g.) was then added and, after melting, the aqueous mixture was extracted with 
) was methylene dichloride (2 x 30 ml.). The combined extracts were washed with water 
idard (3 x 15 mL), the solvent was evaporated on a steam-bath, and the residue dissolved in methanol 
ation (2 ml.). The methanolic solution was neutralised (to phenolphthalein) with dilute aqueous 
. con- potassium hydroxide, and the mixture thereafter treated by the technique described pre- 
water viously. Separate tests indicated that the anilide products were not significantly hydrolysed 
have under these conditions. . 
Analysis of the Products of ‘‘ Complete Hydrolysis.’’—In general, this was done by elemental 
f the analysis of the anilide mixtures. The accuracy of the analysis, expressed as the molecular 
setter percentage of BzOH obtained from Ar-CO-NPh-Bz, depends not only on the complete isolation 
:mple of the anilide fraction, and the accuracy of the elemental analysis, but also on the difference 
$s new between the theoretical analyses for Ar‘CO-NHPh and Bz-NHPh. An element of judgment is 
f the involved: we have laid most weight on the carbon analyses. Thermal analysis by m. p. 
h had determination has been used when elemental analysis could not be expected to be satisfactory. 
We consider that the reported percentages of benzoic acid are accurate to one or two units of %. 
50 ml. To give an indication of the degree of accuracy which can be obtained, we report in full our 
oxide findings for one typical compound. 
mper- Two hydrolyses of N-m-bromobenzoylbenzanilide were carried out at 71°, and the anilide ‘ 
free” fractions isolated. These gave C, 69-0 and 69-2% (BzOH, 37 and 36%); H, 4-8 and 4.5% 
(BzOH, 34 and 48%); Br, 12-9 and 12-4% (BzOH, 36 and 35%); thermal analysis gave m. p.s 
me of of 140-8° and 140° (BzOH, 34 and 35%); estimated best value for molar percentage of BzOH, 
sities 36. Two hydrolyses were carried out at 54-6°, and the anilide fractions isolated. These gave 
C, 69-5 and 69-0% (BzOH, 35 and 37%); H, 4-6 and 4-8% (BzOH, 44 and 34%); estimated 
nicro- best value for molar percentage of BzOH, 36. Two hydrolyses were carried out by means of 
5 ml.; sulphuric acid at 20°, and the anilide fractions isolated. These gave C, 57-4 and 56-3% (BzOH, 
m the 95 and 100 + %: analysis of 565% C = 100%); H, 4:2 and 4-:0% (BzOH, 65 and 77%); 
estimated best value for molar percentage of BzZOH, 97%. Similar procedures were used in the 3 
F bes. remaining 15 cases. , } 
» 0°35; Preparation of Materials.—General. The requisite aromatic acids were prepared by standard i 
er: methods, or purchased. Acid chlorides were prepared from the acids by means of thionyl ie 


er 


chloride, and were used as sources of compounds of the general formule Ar-CO-NH,, 
ArCO-NHPh, (Ar-CO),NPh; and, from benzamidine hydrochloride, of the acylbenzamidines 
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Ph-C(;NH)-NH-COAr. The unsymmetrical N-acylanilides were prepared by the action of the 
sodium salt of the appropriate acid on the imidoyl chloride (generally Ph-N‘:CCIPh, from benz- 
anilide; e.g., Ph*NICCIPh + Ar-CO,Na —» Ar-CO-NPh:COPh + NaCl ?11); and the N-acyl- 
benzamides were prepared by hydrolysis of the (crude) acylbenzamidines. Unless specifically 
mentioned, the physical properties of known compounds were in satisfactory agreement with 
those recorded in the literature. 

Phenylacetic acids. The three acids, which were required for measurement of their dissoci- 
ation constants, were obtained by the route Ar-CH, —» Ar-CH,Br—» Ar-CH,°CN —» 
Ar-CH,°CO,H. The cyanides were prepared in general accordance with methods which have 
been described,!* and were hydrolysed essentially as described by Hill and Short. They were 
purified by boiling, whilst in the form of sodium salts, with charcoal in water, and by repeated 
crystallisation from ligroin (b. p. 60—80°); o-tolylacetic acid, plates, m. p. 89° (lit.,1745 87—90°) 
(Found: C, 72-0; H, 6-7. Calc. for CgH,,O,: C, 72-0; H, 6-7%); m-tolylacetic acid, plates, 
m. p. 64° (lit.,4 61°) (Found: C, 71-8; H, 68%); and m-bromophenylacetic acid, plates, m. p. 
101° (lit.,4%2?7 97—103°) (Found: C, 44:8; H, 3-2. Calc. for C,H,BrO,: C, 44-7; H, 3-3%), 
Dr. S. R. C. Hughes * reports provisional values of 105K, (25°): o-tolylacetic acid, 4-936 + 0-017 
(pK = 4:31); m-tolylacetic acid, 4-334 + 0-009 (pK = 4-36); and m-bromophenylacetic acid, 
7°252 + 0-014 (pK = 4-14). Details of the method of measuring the dissociation constants 
will be published elsewhere. 

Anilides and symmetrical N-acylanilides. In general the amine was dissolved in pyridine 
(0-1 mole in 50 ml.), and the acid chloride (0-06—0-09 mole for anilides, 0-25—0-3 mole for 
N-acylanilides) added portionwise, with efficient cooling. After being warmed for 4—5 hr. at 
80—90°, the mixture was poured into cold 2N-hydrochloric acid (450 ml.), and the precipitate 
crystallised from ethyl acetate (for anilides) or ethanol (for N-acylanilides). The following 
merit description: m-bromobenzanilide, needles, m. p. 142° (lit.,!° 137°) (Found: C, 55-9; H, 
3°8; N, 5:1; Br, 29-2. Calc. for C,;H,BrNO: C, 56:5; H, 3-6; N, 5-1; Br, 29-0%); N- 
benzoylbenzo-p-nitroanilide, pale yellow needles, m. p/ 205° (Found: C, 68-9; H, 4-6. C,9H,,N,0, 
requires C, 69-4; H, 41%); N-benzoylbenzo-p-bromoanilide, plates, m. p. 179° (Found: C, 63-1; 
H, 4:0; N, 3:3; Br, 21-3. C,9H,,BrNO, requires C, 63-2; H, 3-7; N, 3-6; Br, 21-0%); N-m- 
bromobenzoyl-m-bromobenzanilide, plates, m. p. 160° (Found: C, 52:9; H, 3:1; N, 3-2. 
C,,H,,;Br,NO, requires C, 52-3; H, 2-9; N, 3-1%). 

N-Anisoylanisanilide. We were unable to prepare this compound from aniline or anis- 
anilide with anisoyl chloride in pyridine, or by the action of sodium anisate on phenyl p-meth- 
oxybenzimidochloridate. It was subsequently made by the action of anisoyl chloride on 
ethyl N-phenyl-p-methoxybenzimidate [MeO-C,H,°C(OEt):NPh].  Anisanilide (5-8 g.) and 
phosphorus pentachloride (5-1 g.) were fused together until evolution of hydrogen chloride 
ceased, and phosphorus oxychloride was removed by warming in vacuo. The solid residue was 
taken up in ligroin (ca. 100 ml., b. p. 40—60°), and filtered from insoluble material; the filtrate 
was cooled in ice and treated with a solution of sodium (1 g.) in ethanol (25 ml.). After removal 
of the precipitated sodium chloride in water, the ligroin layer was dried and the ligroin removed 
in vacuo to leave the crude ethyl imidoate. This was warmed for 17 hr. at 120—130° with 
anisoy] chloride (2 g.); the product was shaken with ether and water, and the ether layer yielded 
N-anisoylanisanilide on evaporation: this formed needles, m. p. 139°, from ethanol (Found: 
C, 73-0; H, 5-4; N, 4-2. C,.H, NO, requires C, 73-1; H, 5-3; N, 3-9%). 

Imidoyl chlorides. These were made in normal fashion by heating the anilide with phos- 
phorus pentachloride, and subsequently distilling im vacuo. 

Benzo-p-bromophenylimidoyl chloride (b. p. 160°/20 mm.) appears to be new, and was charac- 
terised as the cyanide: the imidoyl chloride (3 g.) was dissolved in dry ether (100 ml.), traces of 

1 Mumm, Ber., 1910, 48, 886. 

11 Mumm, Hesse, and Volquartz, Ber., 1915, 48, 379. 

12 Atkinson and Thorpe, /J., 1907, 91, 1687; Titley, J., 1926, 508. 

13 Hill and Short, J., 1935, 1123. 

14 Radziszewski and Wispek, Ber., 1885, 18, 1279. 

15 Best and Thorpe, J., 1909, 95, 261; Clemo and Swan, J., 1946, 617; Julian, Karpel, Magnani, 
and Meyer, J]. Amer. Chem. Soc., 1948, 70, 180. 

16 Campbell and McKail, J., 1948, 1251. 
anak and White, Jahresber., 1880, 482; Gabriel, Ber., 1882, 15, 834; Mauthner, J. prakt. Chem., 

18 Dr. S. R.C. Hughes, personal communication. 

19 Kottenhahn, Annalen, 1891, 264, 170. 
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insoluble anilide were removed, and the filtrate was shaken for 20 hr. with potassium cyanide 
(10 g. in 100 ml. of water). The ether layer was dried (CaCl,) and evaporated in vacuo: the 
residue yielded yellow needles (m. p. 118°) of benzo-p-bromophenylimidoyl cyanide (Found: C, 
58:7; H, 3-5; N, 9-3. C,,H,BrN, requires C, 58-9; H, 3-1; N, 9-8%) on crystallisation from 
ligroin. 
rr N-acylanilides. These were prepared by the method of Mumm,!!° who, 
however, gives few practical details. We shook the acid (0-1 mole) with sodium hydroxide 
(0-095 mole) in water (100—200 ml.) until the solution gave a neutral reaction with universal 
indicator paper. The undissolved acid was collected, and the filtrate shaken for 20 hr. with a 
solution of the required imidoyl chloride (0-03 mole; usually 6-5 g. of benzophenylimidoyl 
chloride) in dry ether (50 ml.). If insoluble, the resultant N-acylanilide was collected, washed 
with water, and crystallised from ethanol. Ifit was soluble, the mixture was shaken with chloro- 
form (200 ml.), and the chloroform-ether layer separated, dried (Na,SO,), and evaporated to 
yield an oil. This was dissolved in the minimum of boiling ethanol, filtered whilst hot, and set 
aside to cool, yielding crystals of the N-acylanilide. The following were sparingly soluble in 
ethanol, insoluble in benzene, chloroform, ether, and ligroin: N-o-nitrobenzoylbenzanilide, pale 
yellow needles, m. p. 165° (Found: C, 69-6; H, 4-0; N, 8-2. C,y9H,,N,O, requires C, 69-4; H, 
4-1; N, 8:1%); N-p-nitrobenzoylbenzanilide, faintly yellow needles, m. p. 176° (Found: C, 69-4; 
H, 4:1; N, 81%); and N-p-nitrobenzoylbenzo-p-nitroanilide, pale yellow plates, m. p. 197° 
(Found: C, 61-5; H, 3-4; N, 10-3. C,9H,,3N,O, requires C, 61-3; H, 3-3; N, 10-7%). N-a- 
Naphthoylbenzanilide formed needles, m. p. 197°, sparingly soluble in ethanol, insoluble in ether 
and ligroin, but easily soluble in benzene and chloroform (Found: C, 81:7; H, 5-2; N, 4:2. 
CygH,;NO, requires C, 82-0; H, 4-9; N, 40%). The following were soluble in benzene, chloro- 
Vol. 1960. pace 9062 ln ae ats calublein_licroin: N-o-bromobenzoylbenzanilide, prisms, 
—_ cor ee tne 8 *. For N-o-nitrobenzoylbenzyamide read N-o- -nitrobenzoylbenzamidine. 
and N-m-bromobenzoylbenzanilide, prisms, m: p. 141° (Found: C, 080, ti, 375-155-0797: 
N-m-Toluoylbenzanilide formed needles, m. p. 157°, soluble in chloroform and ether, sparingly 
soluble in ethanol and ligroin (Found: C, 80-0; H, 5-7. C,,H,,NO, requires C, 80-0; H, 5-4%). 
N-p-t-Butylbenzoylbenzanilide formed needles, m. p. 142°, soluble in benzene, chloroform, and 
ether, insoluble in methanol (Found: C, 80-3; H, 6-8. C,,H,,NO, requires C, 80-7; H, 6-4%). 
N-p-Bromobenzoylbenzo-p-bromoanilide formed needles, m. p. 128°, soluble in benzene, chloro- 
form, ethanol, and ether (Found: C, 52-5; H, 3-2; N, 3-3. C,)9H,,Br,NO, requires C, 52-3; H, 
aie 29; N,3-1%). Other unsymmetrical N- -acylanilides (Nos. 3, 7, 8, 10, and 11 of Table 1) have 
ide Ga already been described. 2° 
.) and N-Acylamides. A modification of Titherley’s method #4 gave an improved yield (77%) of 
hloride N-benzoylbenzamide. Benzoyl chloride (18 g.) was added portionwise to a well-cooled solution 
=o was of benzamide (20 g.) in pyridine (100 ml.), the mixture heated for 3 hr. at 50°, cooled, and 
filtrate poured into water (350 ml.), and the precipitated N-benzoylbenzamide crystallised from 
novel ethanol. 
mneuel Unsymmetrical N-acylamides were prepared in 55—70% yield by Lossen and Neubert’s 
° with method.2? Benzamidine hydrochloride (0-03 mole) was shaken with the required acid chloride 
yielded (0-01 mole) for 20 hr. in the presence of saturated potassium carbonate solution (70 ml.), a 
little chloroform (8 ml.), and ethanol (2 ml.)._ The chloroform layer was separated, washed with 
water, dried, and combined with a second (similarly treated, but larger; 100 ml.) chloroform 
1 phos- extract. Evaporation yielded the crude N-acylbenzamidine, which could be hydrolysed 
directly to the N-acylbenzamide, or purified by crystallisation from chloroform-ligroin: N-o- 
charac nitrobenzoylbenzamide, yellow plates, m. p. 120° (Found: C, 62-2; H, 4:0. C,,H,,N;O; requires 
C, 62-4; H, 4.1%); N-p-nitrobenzoylbenzamidine, yellow rods, m. p. 145° (Found: C, 62-4; H, 
36%); N-m-bromobenzoylbgenzamidine, needles, m. p. 110° (Found: C, 55-7; H, 3-9; Br, 26-7. 
C,,H,,BrN,O requires C, 55-4; H, 3-7; Br, 26-4%); and N-a-naphthoylbenzamidine, needles, 
m. p. 93° (Found: C, 78-8; H, 5-5; N, 10-2. C,,H,,N,O requires C, 78-8; H, 5-1; N, 10-2%). 
Hydrolysis of the N-acylbenzamidines (0-01 mole) was achieved by heating them for 4 hr. at 
50° with hydrochloric acid (80 ml. of 0-2m). The precipitate of N-acylamide was collected, 
washed with water, and crystallised from aqueous methanol: N-o-nitrobenzoylbenzamide, 
yellow needles, m. p. 160° (Found: C, 62-2; H, 3:7; N, 10-0. C,,H,N,O, requires C, 62-2; H, 
* Wheeler and Johnson, Amer. Chem. J., 1903, 80, 24; Freundler, Compt. rend., 1903, 187, 712, 


*t Titherley, J., 1904, 85, 1673. 
%2 Lossen and Neubert, Annalen, 1891, 265, 148. 
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3-7; N, 10-4%); N-p-nitrobenzoylbenzamide, yellow needles, m. p. 174° (Found: C, 61-8; H, 
3-7%); N-m-bromobenzoylbenzamide, needles, m. p. 111° (Found: C, 55-3; H, 3-5; N, 49, 
C,,H,)BrNO, requires C, 55-3; H, 3-3; N, 46%); and N-a-naphthoylbenzamide, needles, m. p. 
165° (Found: C, 78-7; H, 5-0; N, 5-0. C,,H,,NO, requires C, 78-5; H, 4-7; N, 5-1%). 

Attempts to prepare N-p-bromobenzoyl- and N-p-nitrobenzoyl-benzamidine by the method 
[Ph-C(:NH)-NH, + Ar-CO,Ph —» Ph-C(‘NH)-NH-COAr + PhOH] of Titherley and Stubbs? 
were unsatisfactory: although some of the N-acyl compound was obtained, the main product 
was the benzamidine salt. These were identified by analysis, and comparison with materials 
produced by an orthodox route: benzamidine p-nitrobenzoate, prisms, m. p. 278° (Found: C, 
58-7; H, 4-7; N, 14-4. C,,H,,3N,O0, requires C, 58-5; H, 4:6; N, 14-6%); benzamidine m- 
bromobenzoate, prisms, m. p. 250° (Found: C, 51-8; H, 4:3; Br, 24-9. C,,H,,;BrN,O, requires 
C, 52-3; H, 4:1; Br, 24-9%); and benzamidine p-bromobenzoate, plates, m. p. 255° (Found: C, 
52-5; H, 4-0; Br, 25-0%). 


We thank Drs. J. F. J. Dippy and S. R. C. Hughes for the measurement of dissociation 
constants, and Mr. D. Harper for the synthesis of N-anisoylanisanilide. 


STAVELEY CHEMICAL LABORATORIES, 
THE UNIVERSITY, SHEFFIELD, 10. (Received, October 15th, 1959.} 


598. Reactions of Ortho-esters of Titanium. Part IV.* 
Alcoholysis Reactions of Alkyl Orthotitanates. 


By I. D. Varma and R. C. MEHROTRA. 


Reactions of Ti(OMe),, Ti(OEt),, Ti(OPr'),, and Ti(OBu‘), with alcohols 
(MeOH, EtOH, PriOH, and ButOH) have revealed the following order of 
reactivity in replacement reactions: OMe > OEt > OPri > OBut. It 
has therefore been possible to synthesise the.following pure mixed ortho- 
titanates: MeO-Ti(OR),, (MeO),Ti(OR), (OR = OEt, OPr', OBut), and 
(MeO), Ti-tOR (OR = OEt, OPr'). The mixed ethyl methyl orthotitanates 
crystallise from benzene and distil unchanged under reduced pressure. 
Isopropyl methyl and methyl t-butyl titanates are liquids and undergo 
disproportionation, mainly into monomethy] tri-isopropyl or tri-t-butyl and 
tetramethyl titanates. Fresh light has been thrown on the nature of tetra- 
methy] titanate. 


A FEW mixed ortho-esters of titanium ! and of zirconium ? have been reported. Higher 

ortho-esters of titanium have been prepared by alcohol-interchange reactions,* 

which have now been shown to be reversible. Data presented in Tables 1 and 2 exhibit 
TABLE 1. Reaction: Ti(OR), + MeOH (molar ratio 1 : 3). 


(EST VeRO reas Fon ONE TIO Ti(OBu’), Ti(OPr’, Ti(OEt), 
MeO : Ti (in product) .........cc00cee00e+ 2-3 2-1 2-0 


TABLE 2. Reaction: Ti(OR), + R’OH (molar ratio 1 : 4). 


OR’ : Ti (in product) OR’ : Ti (in product) 
Ester MeOH EtOH Pr'OH ButOH Ester MeOH EtOH Pr'OH Bu'OH 
Ti(OMe), ...... 1-5 1-5 — Ti(OPr'), ... — _ — 2-3 
Ti(OEt), ...... _ —_ =~ 1-6 Ti(OBu'), ... 27 2-4 1-8 — 


the following comparative reactivity of the alkoxy-groups in alcoholysis reactions: 
MeO > EtO > Pr'O > ButO. 


* Part III, J. prakt. Chem., in the press. 


* Ghosh, Ghosh Mazumdar, Bose, and Sen Gupta, J. Indian Chem. Soc., 1954, 34, 683; Nesmeyanov 
and Nogina, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1954, 41 (Chem. Abs., 1955, 49, 6084). 

* Mehrotra, J. Indian Chem. Soc., 1954, 31, 905. 

* Bradley, Mehrotra, and Wardlaw, J., 1952, 2027, 4204, 5020. 

* Bradley, Mehrotra, Swanwick, and Wardlaw, /., 1953, 2025. 
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The foregoing and also reactions for the molar ratios 1: 1 and 1: 2 are represented in 
Tables 4—8. By carrying out the reactions in benzene the compounds of types (I) and (II) 
have been isolated (R = Et, Pri, or But). 


Ti(OR), + MeOH ——t MeOTi(OR), (I) + ROH 
Ti(OR), + 2MeOH ——% (MeO),Ti(OR), (Il) +- 2ROH 


The identity of some of these orthotitanates (particularly the ethyl methyl ortho- 
titanates) has been established by distilling them unchanged (Table 3). In other cases 
the mixed orthotitanates have been found to disproportionate when distilled under reduced 
pressure. The isopropyl (or t-butyl) methyl titanates, in general, yield mainly a mono- 
methyl derivative and tetramethyl titanate. 


TABLE 3. 
Alkyl ortho- Mol. com- Alkyl ortho- Mol. com- 
titanate B. p./mm. M (obs.) plexity titanate B. p./mm. M (obs.) plexity 
rer 121°/0-8 556 2-4 Ti(OEt)(OMe),... 142°/0-3 657 3-5 
Ti(OEt),(OMe) ...  143°/1-5 553 2-6 THORS y 200.0805 190°/1-5 — 4:0 
Ti(OEt),(OMe), 130°/0-2 604 3-0 (Sublimn. (extrap.) 


temp.) 


Tetramethyl titanate is unique among the orthotitanates, in being an infusible white 
solid, insoluble in most organic solvents. The mixed methyl titanates are all soluble in 
benzene. Of these the ethyl methyl titanates crystallise as white solids from benzene, 
and their individual identity was further established by the unchanged analyses of the 
products after repeated crystallisation. Attempts have been made to explain the insoluble 
nature of tetramethyl titanate by its highly polymerised nature or by strong inductive 
effects of the methyl group. The molecular weights of ethyl methyl orthotitanates 
(Table 3) have been measured ebullioscopically by a method already described,* and 
appear to indicate that the main controling factor in the unique properties of tetramethyl 
titanate is not its highly polymerised character but the inductive effects of methyl group. 


EXPERIMENTAL 


Apparatus.—Moisture was excluded in all the experiments.® 

Materials—Alcohols * and benzene > were purified as described elsewhere. Ti(OEt), and 
Ti(OPr'), (Peter Spence products) were purified by distillation.’ Ti(OBu'),? and Ti(OMe), ® 
were prepared and purified by distillation and sublimation respectively. 

Analytical Methods.—Titanium was estimated as TiO,. Ethoxy- and isopropoxy-contents 
of esters were determined by oxidation with dichromate.® 

Reaction between Methanol and Tetraethyl Titanate-——Methanol (0-74 g., 23 mmoles) was 
added with constant stirring to Ti(OEt), (5-15 g., 23 mmoles); heat was evolved and a white 
precipitate settled. Benzene (15-0 g.) was distilled into the reaction mixture. After refluxing 
gently at 90° for 3 hr., the clear solution was allowed to crystallise overnight at room tem- 
perature. After the supernatant liquor had been decanted, the white crystals were dried at 
30°/1 mm. (1-6 g.) (Found: Ti, 22-3%). The supernatant liquor was evaporated to dryness 
at 30°/1 mm. A white solid (2-9 g.) was obtained (Found: Ti, 22-55%). The two solids were 
mixed and recrystallised from benzene (Found: Ti, 22-3. Calc. for C,H,,0,Ti: Ti, 22-4%). 
The above compound (2-2 g.) distilled at 143°/1-5 mm. and a wax-like solid (1-8 g.) was obtained 
(Found: Ti, 22-25%). It was recrystallised from benzene (Found: Ti, 22-3%). Other 
reactions are condensed in Tables 4—9. 


5 Varma and Mehrotra, J. prakt. Chem., 1959, 8, 235. 

* Vogel, ‘“‘ A Text-book of Practical Organic Chemistry,’’ Longmans, Green and Co., London, 1956, 
pp. 169, 170. 

7 Speer, J. Org. Chem., 1949, 14, 655. 

* Bischoff and Adkins, J]. Amer. Chem. Soc., 1924, 46, 256. 


poe Mehrotra, J. Indian Chem. Soc., 1953, 30, 585; 1954, 31, 904; J. Amer. Chem. Soc., 1954, 76, 
6. 







































Reactions of Ortho-esters of Titanium. Part IV. 


TABLE 4. Reaction of methanol with tetraethyl or diethyl dimethyl titanate. 
Action of heat on product 


Product 
Reactants (g.) Yield Ti Distillate Found * 
Ti(OEt), MeOH CgHg (g-) (g-) (%)* B.p./mm. g.- Ti(%) Solid (g.) 
5-15 0-74 (1 mol.) 15-0 4-54 22-3 143°/1-5 1-8? 22-25 2-2 
5-65 1-59 (2 mol.) 5-0 5-1¢ 23-0 130°/0-2 4-0° 23-8 4-4 
7-82 3-29 (3 mol.) 8-2 6-9¢ 23-8 130°/0-2 5-6? 23-9 6-0 
Ti(OEt),(OMe), 
3-61 2-52 (>4 mol.) 6-0 3-1¢ 25-5 142°/0-3 2-4 25-55 2-6 
6-63 18-7 (t) —_ 5-4° 27-6 Subl. 190°/1-5 27-64 “= 


* Ti (%) calc. for: Ti(OEt),(OMe), 22-4; for Ti(OEt),(OMe), 23-95; for Ti(OEt)(OMe),, 25-75; 
for Ti(OMe),, 27-85. 


Key for Tables 4—9. 


* White powder sol. in C,H,. J Colourless liquid miscible with C,Hg. 

» Wax-like solid sol. in C,Hg. 9 Thick colourless liquid sol. in CgHg. 

¢ White solid insol. in C,H,. * Cooling occurs when reagents are mixed. 
4 Found in sublimate. ‘ Heat evolved when reagents are mixed. 


Reaction mixture became clear on refluxing. Large excess. 


TABLE 5. Reaction of methanol with tetraisopropyl titanate. 


Action of heat on product 


Product Product Distillate Sublimate 

Reactants (g.) Yield Ti taken Ti Ti 
Ti(OPr'), MeOH C,H, (g-) (%) (%) * (g.) B.pj/mm. g. (%)* 8g. (%)* 
6-34 0-71 (1 mol.) — 5-7/ 18-7 5-1 1O1°/1-5 4:37 17-8 05° 27-0 
5-5 1-22 (2 mol.) ~- 4-69 20-3 3-8 120°/1-5 2-77 18-3 05° 27-5 
6-19 2-10 (3 mol.) 50 4:99 21-25 4-17 126°/2 2-83/ 18-8 0-9¢ 28-0 
3-56 1-87(>4 mol.) 10 289 24-3 2-2 : 145°/2-5  1-1/ 18-9 0-8¢ 27:8 
4:50 10-30 (t) ¢ —- 2-2¢ 27-55 Subl. 190°/1-5 - ~- 27-7 


* Ti (%) calc. for: Ti(OMe)(OPr'),, 18-7; for Ti(OMe),(OPr'),, 21-0; for Ti(OMe),(OPr'), 23-95. 


TABLE 6. Reaction of methanol with tetra-t-butyl or dimethyl di-t-butyl titanate. 


Action of heat on product 


- Product Product Distillate Sublimate 

enetanes S-) Yield Ti taken Ti Ti 
Ti(OBu'), MeOH (C,H,(g-) (g-) (%)* (g.) B.pjmm. g. (%)* g. (%)* 
6-25 0-59 (1 mol.) — 5-6/ 16-0 4-9 99°/1-2 4-1/ 15-0 03° 26-7 

5-57 1-05 (2 mol.) 20 4-5/ 18-5 4-1 84°/0-7 2-954 14-7 O-7¢* 27-2 

5-88 1-73 (3 mol.) 15 3-97 19-6 2-7 105°/1-5 1-5/4 16-0 0-8¢ 27-6 

1-63 0-70 (4 mol.) 60 41-19 21-0 — -- — - - 

Ti(OMe),(OBu‘), 

2-75 15-0 (+) - 8. — Subl. 190°/1-5 — 2765 


* Ti (%) calc. for: Ti(OMe)(OBu'),, 16-1; Ti(OMe),(OBut),, 18-7; Ti(OMe),(OBut), 22-4; 


Ti(OMe),, 27-85. 


TABLE 7. Reaction of t-butanol with tetraethyl or tetraisopropyl titanate [Ti(OR),). 


Action of heat on product 


Reactants (g.) Product Product is Found in distillate 
C,H, Yield Ti OR taken Distillate Tj OR 
Ti(OEt), ButOH (g.) (g.) (%) (%) OR: Ti (g.) B. p./mm. g. (%) (%) OR: Ti 
5-61 1-87(1 mol.) 14 61! 193 60-15 3-3 — — — — — - 
7-90 5-19(2 mol.) 19 90 185 51-9 3-0 5-9 97—140°/ 3-6 17-3 38-6 2-4 
9—10 
5-24 6-80(4 mol.) 195 64/ 17-1 38-2 2-4 — - — —_ 
Ti(OPr'), 
7-30 1-98(1 mol.) 15 7-6! 16-2 63-4 3-1 4:3 103-5°/8-5 4:04 16:2 62-5 31 
7-52 3-93(2 mol.) 11 8-0 15-7 50-2 2-6 — . a -— 
4:60 4-80(4 mol.) 18 5-9 14:9 32-6 1-7 — 
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TABLE 8. Reaction of alcohols (R-OH) with tetra-t-butyl titanate. 
Action of heat on product’ 
Reactants (g.) Product Product Found in distillate 
GH. Yield Ti taken Distillate Ti 


OR OR 
Ti(OBu'), PrOH B-) (%) (%) (%) OR:Ti (g.) B.pjmm. g. (%) (%) OR: Ti 


5-50 1-:05(1 mol.) 10% 5-3/ 148 188 1-0 2-0 103°/3-5 1-8/ 146 161 0-9 
5-34 1:87(2mol.) 10 5-1 149 261 1-4 — — —_ - — — 
5-96 4:18(4mol.) 19 5:7 152 344 1-8 — — —_-_ —_ — 
2-58 7-30 (t) — 22 163 610 3-0 ~ _ a — as 
EtOH 
6-42 3:53(4mol.) 20 5-2f 176 40:2 24 — — _-_ —- — — 
3-97 8-56 (ft) — 29 199 636 3-4 2-1 120°/0-8 1-84 19-9 65-7 “5 
TABLE 9. Reaction of alcohols (R-OH) with tetramethyl titanate. 
Action of heat on product 
Reactants (g.) Product Product Distillate 
Ti(OMe), EtOH’ C,H, (g.) Yield (g.) Ti(%) taken (g.) B. p./mm. g. Ti (%) 


1-55 ¢ 24-9 


ao 


1-33 1-43 (4mol.) 2 


1-70 6-70 (t) _ 1-0¢ 23-85 0-8 130°/0-2 0-6* 23-9 
Pr'OH 

1-32 1-92(4mol.) 25 1-79 22-2 — — — — 

1-65 16-5 (t) — 2-0f 18-2 1-5 61°/0-3 i 17-2 


Ti (%) calc. for: Ti(OMe),(OEt),, 23-95; for Ti(OPr'),, 16-85. 


We thank Messrs. Peter Spence Ltd. for a gift of titanium alkoxides. One of us (I. D. V.) 
is indebted to the Scientific Research Committee, Uttar Pradesh, Allahabad, for the award of a 
scholarship during the tenure of which this work was carried out. 
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599. Synthetical Applications of Activated Metal Catalysts. 
Part X.* The Desulphurisation of Thionaphtheno[3,2-b|thionaphthen. 
By G. M. Bapcer, N. Kowanko, and W. H. F. SAsseE. 


The desulphurisation of thionaphtheno[3,2-b]thionaphthen (I) under 
various conditions gave bibenzyl, trans-stilbene, and 2-phenylthionaphthen. 
No 1,2,3,4-tetraphenylcyclobutane could be obtained. The results are 
discussed with reference to the mechanism of desulphurisation. 


THIONAPHTHENO[3,2-b]THIONAPHTHEN (I) was first isolated by Anschiitz and Rhodius ! 
as a by-product on distillation of acetylthiosalicyclic acid, and later by Baker ef al.* on 
pyrolysis of thiosalicylic acid in tetralin in the presence of phosphorus pentoxide. Its 
structure was proved by desulphurisation with Raney nickel, which was reported ? to yield 
bibenzyl and 1,2,3,4-tetraphenylcyclobutane (II). Ghaisas and Tilak * have since synthe- 
sised thionaphthenothionaphthen by an unambiguous method and confirmed its structure. 
The desulphurisation of thionaphthenothionaphthen is of interest for the mechanism of 
desulphurisation of thiophen derivatives and has now been investigated in detail. Under 
a variety of conditions, bibenzyl, trans-stilbene, and 2-phenylthionaphthen (III) have 
been isolated; but the reported formation of tetraphenylcyclobutane could not be 
confirmed. P 

* Part IX, J 1960, 1658. 

? Anschiitz and Rhodius, Ber., 1914, 47, 2733. 

? Baker, El-Nawawy, and Ollis, J., 1952, 3163. 

® Ghaisas and Tilak, J. Sci. Ind. Res., 1957, 16, 345. 
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The desulphurisation of thionaphthenothionaphthen by the method of Baker et al2 
gave bibenzyl in 91% yield, and no other product could be found. Use of W7 Raney 
nickel ¢ in ethanol or in methanol similarly gave bibenzy] as the only product, in 63 and 64% 
yield; a W7 catalyst which had been aged for 3 months gave bibenzyl in 66% yield, and 
a catalyst aged for 18 months gave the same substance in 945% yield. The comparatively 
low yields of bibenzyl obtained with the most active catalysts are probably due to reduction 
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of bibenzyl to toluene (which, however, could not be detected with the quantities used; it 
has been observed in desulphurisation of 2,3,4,5-tetraphenylthiophen,® which gave some 
bibenzyl). When Raney cobalt was used, most of the thionaphthenothionaphthen was 
recovered unchanged, but some bibenzyl and #rans-stilbene were obtained. 

Poisoned and degassed nickel catalysts were also investigated in an attempt to increase 
the yield of unsaturated products. Although pyridine bases are known to be catalyst 
poisons,®*-? 2,4,6-collidine did not inhibit the desulphurisation; but the C-C hydrogenolysis 
was prevented as bibenzyl was obtained in 98% yield. Desulphurisation with copper- 
poisoned Raney nickel? gave some unchanged material together with bibenzyl, 2-phenyl- 
thionaphthen, and a little ¢vans-stilbene; and lead-poisoned Raney nickel similarly gave 
some unchanged material together with bibenzyl and 2-phenylthionaphthen. With a 
degassed W7-J Raney nickel,’ at 200° in diethyl phthalate, bibenzyl was obtained in only 
34% yield, the other products being 2-phenylthionaphthen (32%) and stilbene (17-5%). 

It is generally accepted that the first step in desulphurisation of a thiophen derivative 
must be its chemisorption on the catalyst surface. This could occur (a) in a more or less 
perpendicular fashion, via the lone pair of electrons of the sulphur atom, or (0) flat, involving 
the x-electrons of the aromatic system.® The results of the desulphurisation of thionaph- 
thenothionaphthen seem to provide information on this point. If the reported formation 
of 1,2,3,4-tetraphenylcyclobutane could have been confirmed it would follow that the 
desulphurisation probably occurs with the molecule flat on the catalyst surface, for the 
most feasible scheme for its formation would be as shown in the annexed sequence. 
However, no tetraphenylcyclobutane was obtained in the present work, though in several 


-Of0-O80-C£0 


- 





experiments 2-phenylthionaphthen and ¢rans-stilbene were isolated. This result lends 
support to the opposite view, namely, that the desulphurisation takes place in two stages 
and that the sulphur compound is chemisorbed in a more or less perpendicular fashion on 
the catalyst. It also suggests that the desulphurisation of thiophens proceeds by removal 
of the sulphur to give a diradical, with subsequent hydrogenation to the observed product. 
The alternative mechanism, namely, hydrogenation of the thiophen to the tetrahydro- 
stage and subsequent removal of the sulphur, seems to be excluded. Corson e¢ al.!® have 
already reported that the desulphurisation of 3-t-butylthionaphthen gives the expected 


4 Billica and Adkins, Org. Synth., Coll. Vol. III, p. 176. 

5 Badger, Christie, Pryke, and Sasse, J., 1957, 4417. 

6 _ Maxted, Adv. Catalysis, 1951, 8, 129; J., 1948, 1093; Lindlar, Helv. Chim. Acta, 1952, 35, 446. 
7 Elsner and Paul, J., 1953, 3156. 

° + Badger and Sasse, /., 1088. 616. 

® Badger, Austral. J. Sci., 1958, 21, 45. 

1 Corson, Tiefenthal, Atwood, Heintzelman, and Reilly, J. Org. Chem., 1956, 21, 584. 
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(saturated) hydrocarbon together with 10% of the olefin that results from desulphurisation 
of the thionaphthen ring without hydrogenation. The isolation of ¢vans-stilbene in the 
present work provides additional evidence that desulphurisation gives unsaturated inter- 
mediates which are subsequently hydrogenated. 


EXPERIMENTAL 


Thionaphtheno[3,2-b]thionaphthen.—The following method was simpler than that of Baker 
et al.2 A mixture of thiosalicylic acid (25 g., B.D.H.), phosphorus pentoxide (40 g.), and 
tetralin (150 c.c.) was refluxed for 3 hr., the solvent decanted, and the residue extracted with 
boiling tetralin. The combined solutions were evaporated in vacuo, and the residue refluxed 
with potassium hydroxide (20 g.) in water (50 c.c.) and ethanol (100 c.c.) for 1 hr. After 
removal of the ethanol, water was added and the mixture extracted with benzene. After 
concentration and treatment with charcoal, the solid was collected and recrystallised from light 
petroleum (b. p. 80—100°) to give thionaphtheno{[3,2-b]thionaphthen (1-6 g.), m. p. 214—216° 
(lit., 209—210°, 216°). A further 0-45 g. was obtained from the liquors. The m. p. was not 
depressed on admixture with an authentic specimen kindly supplied by Professor B. D. Tilak, 
and the two samples showed identical infrared spectra. 

Desulphurisations with Raney Nickel.—(i) With W7 Raney nickel. A mixture of thio- 
naphthenothionaphthen (0-5 g.), W7 Raney nickel ‘ (10 g.), and ethanol (85 c.c.) was refluxed 
for 3-5 hr., then filtered, and the nickel washed three times with boiling ethanol. Evaporation 
of the solvent and distillation of the residue gave an oil, b. p. 70°/0-05 mm. (0-236 g., 62-2%), 
which gave the infrared spectrum of bibenzyl. No high-boiling residue was observed. Gas— 
liquid chromatography on Celite-Apiezon L showed the presence of a small amount of impurity 
as a shoulder before the major peak. Chromatography of the product in light petroleum 
(b. p. <40°) on alumina gave bibenzyl, m. p. and mixed m. p. 51—52°. A similar experiment 
with methanol as solvent gave bibenzyl (0-239 g., 63%), m. p. and mixed m. p. 51—51-5°. 

(ii) With W7 Raney nickel aged for 3 months. Desulphurisation was also effected, in ethanol, 
with a catalyst which had been kept at room temperature for 3 months under ethanol. Bibenzyl 
was obtained as an oil, b. p. 70°/0-05 mm. (0-247 g. from 0-5 g.; 65%), which failed to crystallise. 
It was identified by its infrared spectrum. 

(iii) With W7 Raney nickel aged for 18 months. When the catalyst had been kept under 
aqueous methanol at 4—10° for 18 months and then washed twice by decantation with ethanol, 
desulphurisation of this naphthenothionaphthen (0-5 g.) in ethanol gave bibenzy] (oil), b. p. 60°/0-01 
mm. (0-368 g., 94-5%) (correct infrared spectrum). Gas—liquid chromatography at 220° on a 
Celite-silicone column showed only one peak, with a retention time corresponding to bibenzyl. 

(iv) With W7-J] Raney nickel at 220°. A mixture of W7-J Raney nickel * (10 g.), diethyl 
phthalate (6 c.c.), and thionaphthenothionaphthen (1 g.) was heated at 200° for 2 hr. The 
product was extracted with ether (6 hr.), the extract dried and evaporated, and the residue 
refluxed with alcoholic potassium hydroxide for 8 hr. Water was added; most of the ethanol 
was removed by distillation, and the residue was again extracted with ether. Evaporation and 
distillation gave 5 fractions: (a) bibenzyl (0-240 g.; b. p. 70°/0-01 mm.; m. p. and mixed m. p. 
52°); (b) a solid (0-109 g.; b. p. 100°/0-01 mm.; m. p. 95—100°); (c) a solid (0-069 g.; b. p. 
120°/0-01 mm.; m. p. 135—140°); (d) a solid (0-216 g.; sublimed at 125/135°/0-01 mm.; m. p. 
172°); and (e) a residue (0-037 g.; m. p. 172—173°). Fraction (b) was found by gas-liquid 
chromatography to consist of bibenzyl (0-018 g.) and stilbene (0-091 g.) (yields calculated from 
areas under peaks). The stilbene was identified by treating the fraction with bromine in 
carbon disulphide (dibromide, m. p. and mixed m. p. 237—-240°). Fraction (c) recrystallised 
from ethanol to give 2-phenylthionaphthen (0-027 g.), m. p. and mixed m. p. 176°. The mother- 
liquors, after evaporation, were treated with bromine in carbon disulphide to give stilbene 
dibromide (0-075 g.; corresponding to 0-040 g. of stilbene), m. p. and mixed m. p. 237°. 
Recrystallisation of fraction (d) and of fraction (e) from ethanol gave 2-phenylthionaphthen, 
m. p. and mixed m. p. 175—176°. Total yields: bibenzyl, 34-2%; stilbene, 17-5%; 2-phenyl- 
thionaphthen, 32-0%. ‘i 

(v) Desulphurisation of thionaphthenothionaphthen (0-44 g.) was also effected by the 
method of Baker ef al.2 with Raney nickel prepared according to Brown.‘ Working up gave 
bibenzyl (0-304 g., 91%) which failed to solidify but was identified by its infrared spectrum. 
No high-boiling residue was obtained. 
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Desulphurisation with Raney Cobalt-—A mixture of Raney cobalt (prepared from 33 g. of 
cobalt-aluminium alloy by the method for W7 Raney nickel‘), thionaphthenothionaphthen 
(1 g.), and ethanol (50 c.c.) was refluxed for 5-5 hr. The cooled mixture was filtered and the 
residue continuously extracted with ethanol for 10 hr. and then with benzene for 12 hr, 
Evaporation of the benzene and recrystallisation of the residue from benzene-light petroleum 
gave unchanged thionaphthenothionaphthen (0-268 g.; m. p. 214—216°). The combined 
ethanol solutions were concentrated and cooled, to give a further quantity (0-535 g.) of un- 
changed sulphur-compound, m. p. 216°. The mother-liquors were diluted with water and 
extracted with benzene. (Examination by gas—liquid chromatography showed two peaks with 
retention times corresponding to bibenzyl and stilbene.) Evaporation of the benzene and 
distillation of the residue gave fractions, (a) bibenzyl (0-075 g.), m. p. and mixed m. p. 52°, 
(b) b. p. 150°/0-01 mm. (0-038 g.), m. p. 140—150°, and (c) a residue of thionaphthenothio- 
naphthen (0-012 g.). After recrystallisation from ethanol, fraction (b) gave needles, m. p. 
160°; but this m. p. was depressed by admixture with 1,2,3,4-tetraphenylcyclobutane. This 
was prepared by photodimerisation of stilbene }* and had m. p. 163° (Found: C, 93-6; H, 6-9, 
Calc. for C,H: C, 93-3; H, 6-7%). Treatment of fraction (b) with bromine in carbon 
disulphide gave stilbene dibromide, m. p. and mixed m. p. 237°. The mother-liquors yielded 
a small amount of unchanged thionaphthenothionaphthen. A m. p.—composition curve showed 
that m. p. 160° corresponds to a mixture of 60% of stilbene and 40% of thionaphthenothio- 
naphthen. 

Desulphurisations with Poisoned Raney Nickel.—(i) Thionaphthenothionaphthen (1 g.) was 
added to a mixture of W7 Raney nickel (10 g.), methanol (100 c.c.), and 2,4,6-collidine (4 g.) 
which had been stirred for 2 min. After refluxing for 4 hr. the mixture was worked up and gave 
bibenzyl (0-745 g., 98%), m. p. and mixed m. p. 52°. No other product was detected. 

(ii) Raney nickel was prepared from nickel—aluminium alloy (20 g.) by the method for W7 
catalyst except that the alloy was added as quickly as possible to the alkali at 100° and digested 
at this temperature for 20 min. After four decantations with water and one with ethanol the 
catalyst was added to a solution of neutral copper acetate (2 g.) in ethanol (120 c.c.) and the 
mixture stirred for 20 min. on the water-bath, then decanted twice with ethanol and used at 
once. Desulphurisation was effected by refluxing a mixture of thionaphthenothionaphthen 
(1 g.) and ethanol (100 c.c.) with the poisoned catalyst for 1 hr. Working up was complicated 
as part of the material was obtained as an inseparable mixture (m. p. ca. 165°) of thionaphtheno- 
thionaphthen and 2-phenylthionaphthen, the composition of which was determined by com- 
parison of its ultraviolet spectrum with those of mixtures of known composition. Total 
yields: unchanged thionaphthenothionaphthen, 0-473 g., 47-3%; 2-phenylthionaphthen, 
0-193 g., 22-1%; stilbene, 0-009 g., 1-2%; and bibenzyl, 0-175 g., 23-1%. 

(iii) Raney nickel was prepared as in (ii) and added to a solution of hydrated lead acetate 
(3-8 g.) in water (100 c.c.), and the mixture stirred on the steam-bath for 20 min., washed by 
decantation twice with water and twice with ethanol, and used at once. Desulphurisation was 
effected by refluxing thionaphthenothionaphthen (1 g.) and ethanol (100 c.c.) with the poisoned 
catalyst for 3 hr. Working up gave unchanged thionaphthenothionaphthen (0-482 g., 48-2%), 
2-phenylthionaphthen (0-146 g., 16-7%), and bibenzyl (0-204 g., 26-9%). 


Microanalyses were carried out by the C.S.I.R.O. Microanalytical Laboratory, Melbourne. 
Acknowledgment for a grant is made to the donors of the Petroleum Research Fund, administered 
by the American Chemical Society. We also thank Professor B. D. Tilak for a specimen 
of thionaphtheno{3,2-b]thionaphthen, Dr. S. Middleton for a gift of 2-phenylthionaphthen, Mr. 
A. F. Isaac who prepared much of the thionaphthenothionaphthen, and Mr. A. G. Moritz for 
the infrared spectra. 
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11 Brown, J. Soc. Chem. Ind., 1950, 69, 353. 
12 Fulton, Brit. J. Pharmacol., 1948, 3, 75; Pailer and Miiller, Monatsh., 1948, 79, 615. 
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600. Aromatic Alkylation. Part IV.* The Velocity of Diphenyl- 
methylation, and Indicator Measurements in Boron Trifluoride—Acetic 
Acid. 

By V. Gotp and T. RILEy. 


Boron trifluoride is shown to have a powerful catalytic effect on the 
diphenylmethylation of anisole in acetic acid. Comparison of this catalysis 
with indicator measurements on methoxydiphenylmethanols (present in 
solution as acetates) shows that the catalytic function of boron trifluoride is 
solely concerned with inducing more extensive ionisation of the alkylating 
agent to form diphenylcarbonium ions in a rapidly established pre- 
equilibrium. The slow step of the alkylation is the reaction between anisole 
and diphenylcarbonium ions. 


In earlier parts of the series it was shown that the reaction between diphenylmethanol 
and anisole in acetic acid, under the catalytic influence of either sulphuric acid? or zinc 
chloride-hydrogen chloride,? involves the rapid, reversible generation of diphenyl- 
carbonium ions which subsequently attack anisole in the slow step. The similarity of 
reaction velocities * in media of the same concentration of carbonium ion, as shown by 
indicator measurements on methoxydiphenylmethanols, indicated that the common réle 
of the catalyst in the two systems was the generation of acidity and hence the displacement 
of the equilibrium 
PhyCH:OAc -+ H* === Ph,CH* +- ACOH 

to the right, and that zinc chloride therefore had no additional catalytic function. 

In the present investigation the same reaction has been examined with boron trifluoride, 
in order to discover whether the same kind of mechanism applies when a more typical and 
powerful Friedel-Crafts catalyst is employed. 


EXPERIMENTAL 

Boron Trifluovide.—A commercial sample of the complex BF;-2CH,°CO,H (technical grade) 
was purified by repeated distillation at atmospheric pressure with exclusion of moisture. The 
final product was a viscous colourless liquid, b. p. 144°. Solutions of boron trifluoride in acetic 
acid were prepared by dissolving measured quantities of the complex in acetic acid (“‘ AnalaR,” 
dried by azeotropic distillation with benzene; m. p. >16-7°; water concentration, by 
Karl Fischer method, <0-03m). The composition of the purified complex was determined 
gravimetrically by an adaptation of the method of Walters and Miller* by reaction of a 
measured quantity of complex (ca. 5 g.) with a known weight of dried sodium fluoride (ca. 3 g.) 
under reflux in the presence of purified acetic acid (2 hr.) followed by volatilisation of acetic 
acid and heating to constant weight at 250°. The solid residue consists of sodium borofluoride 
(which is stable up to 300°) and excess of sodium fluoride. The analyses were reproducible 
but indicated that different batches of complex contained varying amounts of boron trifluoride, 
and always ca. 10—20% less than corresponded to the composition BF,-2CH,°CO,H. 
Concentrations of boron trifluoride in catalyst solutions are based on the gravimetric analyses. 

The preparation of other materials and general procedures were the same as in Part I.? 


DIscUSSION 
The kinetic measurements on the reaction between diphenylmethanol and anisole in 
acetic acid under the influence of boron trifluoride fall into the pattern established in 
previous work with sulphuric acid! or zinc chloride? as catalysts. Diarylmethanols are 
again found to be rapidly esterified to the acetates and to be partly converted into diaryl- 
carbonium ions, the concentration of which is conveniently measurable in the case of 


* Part III, J., 1959, 3134. 

' Bethell and Gold, J., 1958, 1905. 

* Bethell and Gold, /., 1958, 1930. 

* Walters and Miller, Ind. Eng. Chem. Anal. Ed., 1946, 18, 658. 
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TABLE 1. Jonisation of 4-methoxydiphenylmethanol (ROH) in acetic e 
acid—boron trifluoride. it 
Wavelength used for measurements = 4600 A. ep+ = 59,800. c 
(a) No additional water. (b) In presence of additional water. 1 
BF, a ~ BF, H,0 F 
(m) € log I * (m) € log I * (m) (m) logI* (m) (m) log/ * 
1-003 87-98 —2-83 3-505 7263 —0-86 ca.35 0 —090 ca.45 222 —051 a 
1150 1229 —2-69 4:025 12,950 —0-56 ai 1-11 —0-80 ca.6 0 -+-0-60 p 
2006 765-4 —1-89 4-307 17,080 —0-40 me 2-22 —0-90 _ 0-28 +0-66 | 
2153 1044 —1-75 4677 22,940 —0-21 2 3-33 —1-12 a ll 40-71 . 
2-305 1257 — 1-67 5-309 36,590 -+0-20 ca.45 O —0-51 ie 2-22 +0-60 § I 
2-502 1708 — 1-53 5-802 47,840 +060 ca.45 Ill —039 
2-875 2863 — 1-30 6-015 50,420 +0-78 
3-338 4364 -—1-10 6-647 53,250 +0-98 * I = [R*)/((ROH].toin — [R*)). R 
TABLE 2. Jonisation of 4,4'-dimethoxydiphenylmethanol (R’OH) in acetic th 
acid—boron trifluoride. li 
No additional water. Wavelength used for measurements: 5040 A. eg+ = 121,200. tt 
Mee 24.263 0-090 0-225 0-316 0452 0-456 0-563 0-789 0-911 1-150 ” 
]. eecedsecseraccecssnce 1175 6040 11,815 23,810 23,960 35,590 58,430 70,210 86,920 Nn 
IE 7 cesscsncecsssess —5:17 —444 -—413 -—3-77 -—3-78 -—3-54 -—3:19 -—302 —2-76 in 
a 
* log I = log sang Se tates — 3:16. (The constant 3-16 was found to give satisfactory th 
[R’OH ]stoicn — [R’*] ‘ i0 
coincidence between the data of Tables 1 and 2. In the system AcOH-H,SO, [with 1-0M-water] the 
corresponding constant was 3-23.) te 
ca 
TABLE 3. Velocity constants for diphenylmethylation of anisole at 25°. is 
(a) [Anisole] = 4:13 x 10-*w. [Ph,CH-OH], = 4:17 x 10-m. 
10*k, log I 
BF, (m) (I. mole sec.-) 8 + log k, (interpolated) log k, — log I 
0-23 1-23 4-09 ' — 4-43 0-52 
0-46 5-67 4-75 —3-75 0-50 
0-57, 9-19 4-96 — 3-52 0-48 
0-80, 22-7 5-36 —3-13 0-49 
0-80, * 22-7, 5-36 —3-13 0-49 
1-03, 45-0 5-65 —2-82 0-47 
1-16 69-1 5-84 — 2-66 0-50 
1-39 115-0 6-06 — 2-40 0-46 of 
* Diphenylmethyl acetate being used in place of diphenylmethanol. eff 
(6) [BF,] = 1-16m. [Ph,CH-OH], = 4:17 x 10°. tr 
ER io alihesitbenilblonl 413 6-19 8-26 a: 
Bg G. RON BO) cccevccsccicccessanconcsccs 69-1 65-4 63-1 sy 
‘ ee ; . be 
TABLE 4. Diphenylmethylation velocities of dimethoxybenzenes at 25° sli 
(single experiments). a 
10°}ArH] 10‘{Ph,CH-OH], [BF] log I 
ArH (mM) (mM) (M) (interpolated) 103k, 
CRD: aiitttietsinn 6-21 5-83 0-805 —3-14 14-9 _ 
Oc citecemmunesen 14-9 14-2 0-173 — 4-69 37-2 (T 
PAID cocesccevccocccoes 13-1 12-6 0-805 —3-14 1-70 
: . . , at lar 
methoxydiphenylmethanols. The diphenylmethylation velocities are related to the eo 
ionisation of a methoxydiphenylmethanol according to the equation log k, = constant + of 
log I, derived! on the assumption that diphenylcarbonium ions are formed in a rapid Sin 
pre-equilibrium and consumed in a rate-determining reaction with anisole. The correl- fon 
ation is established by the good constancy of the values in the last column of Table 3(a). on 
Comparison with previous studies |? shows that a medium which has a certain tendency ne 


to convert ionisable diarylmethyl compounds into diarylcarbonium ions (as determined by 
indicator measurements) will produce virtually the same velocity for the diphenylmethyl- 
ation reaction irrespective of whether sulphuric acid, zinc chloride, or boron trifluoride is 
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employed. This comparison is shown in the first row of Table 5, at the acidity correspond- 
ing to log J = —3. The agreement demonstrates the analogous function of all three 
catalysts in promoting reaction by increasing the equilibrium concentration of carbonium 
jons, and eliminates the need for ascribing any other rdle to these catalysts in acetic acid. 
Presumably this simple result implies that the associative forces between catalyst and 
acetic acid are stronger than those between catalyst and the reagents, which assume 
prominence in more inert solvents. It follows that a comparison of aralkylation velocities 
or indicator ionisation for the three catalysts affords a generally valid measure of their 
intrinsic ability to promote an ionisation of the form 


ROAc -+ acid =e Rt -+- AcOH-+ base . . . ....-.-.s 


Reaction (1) is to be considered in a thermodynamic sense, in that it is intended to show 
that the catalyst in acetic acid is, or generates, a strongly acidic species, and that an equi- 
librium is set up in this reaction between this acid and the aralkyl acetate. However, 
there is no proof that the formation of carbonium ions actually proceeds via this acid in 
every case. The acid-base system (which appears in this equation) is determined by the 
nature of the catalyst in a particular solution. The carbonium ion is likely to be present 
in ion pairs * (formed with the base) but, as the first row of Table 5 indicates, the nature of 
the gegenion appears to have no major effect on the reactivity of the diphenylcarbonium 
ion. The second row of Table 5 shows that different concentrations of catalyst are required 
to achieve the same extent of ionisation to diarylcarbonium ions. The efficacy of the’three 
catalysts follows the order BF; > H,SO, (in presence of 1M-water) > ZnCl,. This sequence 
is not confined to the point log J = —3 but holds at all concentrations studied. 


TABLE 5. Diphenylmethylation velocities and catalyst concentrations for different 
catalysts at log 1 = —3. 


H,SO, 
(1M-water) ZnCl, BF, 
he eT 5-60 (ref. 5) 5-6 (ref. 2) 5-49 (this work) 
Catalyst concn. (M) ...........000. 1-17 (ref. 5) 2—3 (ref. 4) 0-93 (this work) 


In anhydrous solution, sulphuric acid would have a catalytic effect more similar to that 
of boron trifluoride (on an equimolar basis). Whereas addition of water lowers the 
effectiveness of sulphuric acid ! or of zinc chloride,” the ionising power of solutions of boron 
trifluoride in acetic acid is slightly increased by small amounts of water (up to 1m,) 
a solution containing two moles of water per litre being about as effective as an anhydrous 
system (Table 16). For preparative purposes, the rigorous exclusion of moisture from 
boron trifluoride solutions in acetic acid therefore appears to be superfluous and in fact 
slightly disadvantageous. It is probable that this behaviour of water may also be con- 
nected with the preferred use of this catalyst for the preparative alkylation of alcohols. 

An approximate comparison of the reactivities of the isomeric dimethoxybenzenes and 
anisole agrees satisfactorily with the more detailed study with sulphuric acid as catalyst 5 
(Table 4). 

It has previously been pointed out * that the ionisation of diarylmethyl acetates is 
largely but not entirely controlled by the Bronsted acidity of the medium. The most 
obvious difference between the ionisation of a diphenylmethyl acetate indicator and that 
of a Bronsted base is the presence of acetic acid among the products of ionisation of the 
former compound [see equation (1)]. The above sequence of catalyst efficiency is there- 
fore not necessarily also a sequence of Brgnsted acidities of solutions of equal catalyst 
concentration. Conversely, the observed Brgnsted acidity of solutions of stannic chloride 
in acetic acid,* for example, does not necessarily establish the relative position of stannic 

* Bethell, Gold, and Satchell, J., 1958, 1918. 


® Bethell, Gold, and Riley, /., 1959, 3134. 
* Satchell, /., 1958, 3910. 
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chloride as a catalyst. This conclusion is confirmed by a comparison of the ionising powers 
of anhydrous solutions of sulphuric acid and of zinc chloride in acetic acid, the results bei 
taken from published indicator measurements.'*? It can be shown from these that 
solutions of the two catalysts, of such concentrations that they are equally effective regard- 
ing the ionisation of 4,4’-dimethoxydiphenylmethyl acetate, will differ markedly in their 
acidity towards 4-chloro-2-nitroaniline, sulphuric acid being much more effective in this 
respect. (log [BH*]/[B] is greater by about 1-35 compared with the zinc chloride solu- 
tion.) It therefore follows that zinc chloride owes its relatively high activity as an 
aralkylation catalyst (or its ionising power towards diarylmethyl acetate indicators) in 
acetic acid to some additional factor besides the Bronsted acidity of its solution. It 
seems probable that this effect consists of a lowering of the activity of acetic acid by zinc 
chloride by virtue of a high affinity of the two compounds for each other. A similar effect 
is likely to contribute towards the high catalytic activity of boron trifluoride. The strong 
interaction of acetic acid and boron trifluoride is well established and manifests itself, for 
example, in the existence of the compound BF;,2CH,-CO,H. 


We thank Dr. D. Bethell for interesting discussions. 


KinGc’s COLLEGE, STRAND, Lonpon, W.C.2. |Received, February 1st, 1960.} 
7 Gold and Hawes, J., 1951, 2102. 


601. The Reaction of Triphenylphosphine with 1-Bromo-1-nitro- 
alkanes. | 


By S. Tripretr and D. M. WALKER. 


With triphenylphosphine, 1-bromo-l-nitroalkanes and N-bromo-amides 
in general give nitriles, and a-phenylphenacyl chloride gives diphenyl- 
acetylene. A common mechanism is suggested for these three reactions. 


WE showed previously ! that bromonitromethane and triphenylphosphine smoothly form 
a phosphonium salt that with aqueous alkali at 0° gives triphenylphosphine oxide and 
fulminic acid, presumably via the phosphorane which can be written as (I). It seemed 
probable that a similar sequence starting from 1-bromo-1-nitroalkanes would lead to the 
unknown aliphatic nitrile oxides, and this possibility has been investigated. 

1-Bromo-1-nitroethane with triphenylphosphine gave only a 20% yield of the phosphon- 
ium bromide. With aqueous alkali at 0°, this gave within one minute a 75% yield of 
triphenylphosphine oxide, but the expected acetonitrile oxide could not be detected, even 
by carrying out the reaction in the presence of stilbene with which nitrile oxides condense 
rapidly to give A®-isoxazolines.? In order to increase the molecular weight of the expected 
nitrile oxide and so make its isolation easier, 1-bromo-l-nitro-octane was treated with 
triphenylphosphine, but here no quaternary salt was obtained. Instead, two molecules 
of triphenylphosphine reacted with each molecule of bromonitro-compound to give one 
molecule each of triphenylphosphine oxide, triphenylphosphine oxide hydrobromide, and 
octanonitrile. 1-Bromo-l-nitropropane similarly gave propionitrile and no quaternary 
salt, and it became apparent that the low yield of quaternary salt from 1-bromo-1-nitro- 
ethane was due to the intervention of this second reaction leading to a nitrile. The phos- 
phonium salt is not an intermediate in this reaction; 1-nitroethyltriphenylphosphonium 
bromide was not affected by triphenylphosphine in boiling ethanol. 

A possible mechanism for this nitrile formation involves attack of triphenylphosphine 
on an oxygen of the aci-form (II) of a bromonitro-compound with simultaneous expulsion 


1 Trippett and Walker, J., 1959, 3874. 
® Stagno D’Alcontres and Griinager, Gazzetta, 1950, 80, 831. 
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of bromide ion, leading initially to a nitrile oxide which is then deoxygenated by a second 
molecule of triphenylphosphine. If this is so, the second step of deoxygenation * must be 
much faster than the first, for when 1-bromo-1-nitro-octane was treated with one mol. of 
triphenylphosphine half reacted to give the nitrile and half was unchanged. It seemed 


+ 
Ph,P. H 
—— Br ee 
an , 20 PPhy 
WN. R-C=N_ -(: —> RCN®O —— > RCN 
we) Oo O * PPh, 


(I) (II) 


possible that suitable conjugation might make reduction of the intermediate nitrile oxide 
more difficult and allow it to be detected, but when bromonitrophenylmethane in ether at 
0° was treated with one mol. of triphenylphosphine and the resulting suspension filtered 
immediately into a solution of maleic anhydride in ether, no A®-isoxazoline was formed. 
Any benzonitrile oxide would have been detected under these conditions. With two mols. 
of triphenylphosphine, bromonitrophenylmethane gave benzonitrile. 

From the action of silver nitrite on ethyl bromoacetate, Scholl and Schéfer 5 obtained 
in very low yield a stable crystalline substance, m. p. 111°, to which, on the basis of analysis 
and molecular-weight determination, they gave the formula O<-NC-CO,Et. Although 
highly improbable, this formulation could not be entirely dismissed, and therefore the 
reaction of bromonitroacetic ester with triphenylphosphine was investigated. Under a 
variety of conditions, and with varying molecular proportions of reactants, the only 
product detected was cyanoformic ester. 

While therefore no evidence has been obtained for the intermediate formation of nitrile 
oxides in the reaction of 1-bromo-l-nitroalkanes with triphenylphosphine, two other 
reactions have been discovered which fit into the general pattern: 


Hal 
q Hal~ 


ee "8 =“ .“<KeT= 
les, OPPh 
(III) oY PPh, 3 


In the first of these, N-bromo-amides (III; X = N, Y = C, Hal = Br; enol form) with 
triphenylphosphine at room temperature in benzene gave nitriles, e.g., N-bromobenz- 
amide gave benzonitrile and N-bromophenylacetamide gave phenylacetonitrile. Acylimino- 
phosphoranes cannot be intermediates, as they form nitriles only when heated to about 
200°. In the second reaction, «-phenylphenacyl chloride (CHPhCl-COPh; III; X = Y = C, 
Hal = Cl; enol form) with triphenylphosphine in boiling benzene gave a 90% yield of 
diphenylacetylene. Again the expected phosphorane cannot be an intermediate as this 
gives diphenylacetylene only at 350°.1 The normal reaction of «-halogeno-ketones with 
triphenylphosphine is, of course, quaternisation; the direct formation of an acetylene 
can be expected only in exceptional cases. 


EXPERIMENTAL 


Nitriles were identified by comparison of their infrared spectra with those of authentic 
materials. 

1-Nitroethyltriphenylphosphonium Bromide.—A solution of 1-bromo-1l-nitroethane (7-7 g.) in 
benzene (20 ml.) was added slowly to triphenylphosphine (13 g.) in benzene (150 ml.) at 0° and 
the suspension set aside at 0° overnight. Filtration then gave the above phosphonium bromide 


3’ Horner and Oediger, Chem. Ber., 1958, 91, 437. 

* Quilico, Stagno D’Alcontres, and Griinager, Gazzetta, 1950, 80, 479. 
5 Scholl and Schéfer, Ber., 1901, 34, 870. 

® Staudinger and Hauser, Helv. Chim. Acta, 1921, 4, 861. 
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(4:3 g.), m. p. (from nitromethane) 103° (decomp.) (Found: N, 3-3. C9H,g,BrNO,P requires 
N, 34%). It was unchanged by triphenylphosphine in refluxing ethanol. The mother-liquors 
deposited triphenylphosphine oxide hydrobromide, m. p. 145—148°, which fumed in moist air 
and on crystallisation from ethanol—water gave triphenylphosphine oxide, m. p. 154—155°. 

Reaction of 1-Bromo-1-nitroalkanes with Triphenylphosphine.—A solution of 1-bromo-1-nitro- 
octane (4:76 g.) in benzene (5 ml.) was added to triphenylphosphine (11-5 g.) in benzene 
(30 ml.) at room temperature, and the suspension set aside at room temperature overnight. 
Filtration then gave triphenylphosphine oxide hydrobromide (5-0 g.). The filtrate was 
evaporated in vacuo, and the crystalline residue stirred with light petroleum (80 ml.) and 
filtered, to give triphenylphosphine oxide (6-7 g.). The filtrate was evaporated and the residue 
distilled under reduced pressure to give octanonitrile (1-8 g., 72%), b. p. 90—92°/13 mm. 

The reaction can also be carried out in ether; the triphenylphosphine oxide then separates 
with the hydrobromide. 

In a similar way, 1-bromo-1-nitropropane gave propiononitrile (63%), b. p. 98°, bromonitro- 
acetic ester gave cyanoformic ester (50%), b. p. 115—116°, and bromonitrophenylmethane gave 
benzonitrile (75%), b. p. 185—188°. 

1-Bromo-1-nitroalkanes.—The only satisfactory way of preparing these in a pure condition 
was by addition of the finely powdered dry sodium or ammonium salt of the corresponding 
nitro-compound to bromine in carbon disulphide or carbon tetrachloride at 0°. In this way 
were obtained 1-bromo-1-nitroethane (65%), b. p. 73°/50 mm., 1-bromo-1-nitropropane (67%), 
b. p. 56°/14 mm., 1-bromo-1-nitro-octane (70%), b. p. 79—80°/0-45 mm. (Found: N, 5:8, 
C,H,,BrNO, requires N, 5-9%), bromonitrophenylmethane (42%), b. p. 75°/0-4 mm., and 
bromonitroacetic ester (71%), b. p. 54—55°/0-1 mm. Yields are overall from nitro-compounds, 

Reaction of N-Bromo-amides with Triphenylphosphine.—A solution of triphenylphosphine 
(5-2 g.) in benzene (50 ml.) was added to a suspension of N-bromobenzamide (4-0 g.) in benzene 
(50 ml.) at room temperature. After 15 min., the solution was decanted from the semi-solid 
phosphine oxide hydrobromide and washed with water, dried, and evaporated. Extraction of 
the residue with ether (5 + 5 ml.) and distillation of the extract gave benzonitrile (1-0 g.), b. p. 
63—65°/9 mm. = 

In a similar way, N-bromophenylacetamide gave phenylacetonitrile (60%), b. p. 99— 
100°/10 mm. 

Reaction of a-Phenylphenacyl Chloride with Triphenylphosphine.—Triphenylphosphine (13-1 
g.) and a-phenylphenacyl chloride (11-3 g.) were refluxed in dry benzene (150 ml.) for 20 hr., 
hydrogen chloride being evolved. After evaporation, extraction of the residue with hot light 
petroleum (b. p. 60—80°) and cooling gave triphenylphosphine oxide (11 g., 84%), m. p. and 
mixed m. p. 154—155°. The mother-liquors on distillation gave diphenylacetylene (7-8 g., 90%), 
b. p. 1830—132°/0-45 mm., m. p. (from aqueous ethanol) 58-5—59-5°, having the recorded 
ultraviolet spectrum.’ 


One of us (D. M. W.) acknowledges a maintenance grant from the Department of Scientific 
and Industrial Research. 
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602. The Preparation of Some Cobaltic Porphyrin Complexes. 
By A. W. Joxunson and I. T. Kay. 


Crystalline cobaltic ztioporphyrin I complexes of three types have been 
prepared and their characteristic visible spectra and some chemical properties 
are recorded. The cobaltichromes are non-ionic and contain co-ordinated 
nitrogenous bases; the second type of complex contains the cobalt in the 
cation, and the third type contains the cobalt in the anion. 


SrupiEs of the physical and chemical properties of vitamin B,, (partial formula I; all 
metalloporphyrins will be represented in this abbreviated manner in this paper) have 
shown that it is an octahedral cobaltic complex of a modified porphyrin ring system.! 
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Before this, little was known 2 of the properties of cobaltic porphyrins but in 1953 Petrow 
and his co-workers * published an extensive study, largely spectroscopic, of the cobaltic 


derivatives of protoporphyrin and hematoporphyrin. As most of the products described 
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Reagents: !, HBr; 2, pyridine; 3, HBr, pyridine; 4, H,-Pt; 5, KCN; 6, CHs°CO,H; 7, HBr, NHs. 


in that paper were obtained in solution only, we have carried out a somewhat similar 
investigation of the cobalt derivatives of xtioporphyrin I (II) in view of its ready 
accessibility.* The planar cobaltous derivative (III) was readily obtained from the 
porphyrin by the action of cobaltous acetate in acetic acid, and with hydrogen bromide in 
chloroform—methanol it gave [ztioporphyrin I cobalt(1m)] bromide (IV). On the other 


1 Diehl, Vander Haar, and Sealock, J. Amer. Chem. Soc., 1950, 72, 5312; Folkers, Wolf, et al., 
ibid., 1951, 78, 3569; Vitamins and Hormones, 1954, 12, 32. 

* Laidlaw, J. Physiol., 1904, 31, 464; Hill, Biochem. J., 1925, 19, 241; Holden, Austral. J. Exp. 
Biol. Med. Sci., 1941, 19, 89; Taylor, J. Biol. Chem., 1940, 185, 570. 

3 McConnel, Overell, Petrow, and Sturgeon, J. Pharm. Pharmacol., 1953, 5, 179. 

* McEwen, /. Amer. Chem. Soc., 1946, 68, 711. 
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hand, when pyridine was added to the reaction mixture, the cobalt assumed the octahedra 
form and there was obtained ztioporphyrin I pyridinobromocobalt(111) (V), a typical 
“cobaltichrome,”’ a term used by Petrow’s school as the generic name for co-ordination 
compounds derived from cobaltiporphyrins and nitrogenous ligands. The same com- 
pound was formed by reaction of the salt (IV) with pyridine. Substitution of ammonia 
for pyridine in the above reaction gave the ammino-derivative (VI). Octahedral com- 
plexes from benzimidazoles and purines analogous to (V) could be detected only in solution; 
attempts to isolate crystalline derivatives did not yield pure compounds, and it was evident 
that the base was easily detached during crystallisation. When cobaltous ztioporphyrin I 
Fic. 1. Absorption of (A) cobaltous 
@tioporphyrin and (B) @etioporphyrin 
I pyridinobromocobalt (10 mg. per 100 Fic. 2. Absorption of (A) [etiopor- 
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was treated with an excess of potassium cyanide, a third type of cobaltic porphyrin com- 
plex (VII), in which the cobalt was present as part of the anion, was obtained. This 
compound was also prepared from the pyridino-compound (V) by the action of excess of 
cyanide and, like the pyridine complex, it reverted to the cobaltous porphyrin derivative 
on hydrogenation over platinum. Although the type of complex corresponding to 
vitamin B,g, 7.e., the cyanide corresponding to (V), has not been isolated, a cobaltic complex 
(VIII) containing ionic cyanide was obtained by the action of acetic acid on the dicyano- 
complex (VII). A dicyanide corresponding to (VII) from cobaltous ztiochlorin I was 
detected in solution (Fig. 3) but not isolated. 

As described by Petrow,® these cobalt porphyrin complexes can be differentiated by 
their visible spectra and the changes can be followed conveniently by the hand spectroscope. 
A chloroform solution of cobaltous ztioporphyrin shows the typical two-banded spectrum, 
in which the longer-wavelength band has the higher intensity (Fig. 1) whereas the octa- 
hedral cobaltic complexes of type (V) show two bands of approximately equal intensity. 
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The cobaltic dicyanide (VII) on the other hand shows only a single band, and the cobaltic 
bromide (IV) in chloroform shows a single band with an inflection (Fig. 2). In ethanolic 
solution the spectrum of the bromide (IV) comprises two bands of nearly equal intensity 
which is attributed to co-ordination with ethanol to give the complex (IX). A related 
compound containing co-ordinated water was obtained from cobaltous coproporphyrin I 
tetramethyl ester with hydrobromic acid. 


EXPERIMENTAL 


Ultraviolet and visible spectra were determined for chloroform solutions except where 
otherwise stated. Light petroleum refers to the fraction, b. p. 60—80°. 

ZEtioporphyrin I Pyridinobromocobalt(i11) (V).—(i) Cobaltous ztioporphyrin I 5 (800 mg.) was 
dissolved in pyridine (160 c.c.), 48% hydrobromic acid (40 c.c.) was added, and the mixture 
aerated on the steam-bath for 45 min.; the solution was then poured into water (ca. 1 1.) and 
extracted with chloroform (5 x 100 c.c.) until the chloroform layer showed no metal porphyrin 
bands. The combined chloroform extract was washed with water, dried (MgSO,), and 
evaporated to dryness, traces of pyridine being removed under reduced pressure. The residual 
complex crystallised from chloroform—light petroleum as purple plates (850 mg., 82%), decomp. 
>200° (Found: C, 64-0; H, 6-25; N, 9-9. (C,,H,,BrCoN, requires C, 63-95; H, 5-95; N, 
101%), Amax, at 232, 348, 417, 530, and 561 my (log ¢ 4-66, 4-35, 5-06, 3-98, and 3-99 respectively). 

(ii) [42tioporphyrin I cobalt(111)] bromide (100 mg.) was dissolved in pyridine (10 c.c.) and 
heated on the steam-bath for 30 min. The pyridine was removed under reduced pressure and 
the residue crystallised from chloroform-light petroleum, forming purple plates (110 mg., 97%) 
(Found: N, 9-95%). The light absorption was similar to that of the product of the previous 
experiment. 

Catalytic Reduction of Etioporphyrin I Pyridinobromocobalt(in).—The complex (200 mg.) was 
dissolved in methanol (75 c.c.) and hydrogenated at atmospheric pressure by using Adams 
catalyst. When the liquid had become nearly colourless the product separated; it crystallised 
from chloroform—methanol as purple needles (130 mg., 84%) (Found: C, 71-6; H, 6-35; N, 
10-25. Calc. for C3,H,,CoN,: C, 71-75; H, 6-25; N, 10-45%), Amax at 266, 326, 392, 519, and 
553 my. (log ¢ 4-17, 4:21, 5-23, 4-00, and 4-30 respectively). 

Potassium [A&tioporphyrin I Dicyanocobaltate(111)].—(i) To a solution of potassium cyanide 
(200 mg.) in hot methanol (60 c.c.), was added a solution of cobaltous ztioporphyrin I (300 mg.) 
in hot chloroform (60 c.c.). The mixture was kept for 30 min. with occasional shaking, then 
the excess of potassium cyanide was removed by filtration and the filtrate evaporated to dryness. 
The residual salt crystallised from ethanol-light petroleum as purple needles (300 mg., 86%) 
(Found: N, 13-6. C3,H;,CoKN, requires N, 13-4%), Amax, 214, 233, 279, 344, 412, 436, and 
550 mu (log ¢ 4-67, 4-64, 3-92, 4-51, 4-85, 5-02, and 4-12 respectively). 

(ii) To the pyridino-complex (V) (400 mg.) in methanol (25 c.c.) was added potassium cyanide 
(1 g.), and the solution kept overnight at room temperature. Water (50 c.c.) was then added 
and the precipitated complex separated, washed with water, and dried. It crystallised from 
ethanol-light petroleum as purple needles (200 mg., 56%) (Found: N, 13-3%). The light 
absorption was identical with that of the product from the foregoing experiment. 

Reduction of Potassium [7Etioporphyrin I Dicyanocobaltate(111)}.—The salt (30 mg.) in methanol 
(25 c.c.) was hydrogenated by using Adams catalyst. The solution rapidly became colourless 
as the cobaltous ztioporphyrin I was precipitated. This was separated, washed with methanol, 
and crystallised from chloroform—methanol; it formed red needles (23 mg., 90%) (Found: N, 
10:2. Calc. for C,,H;,CoN,: N, 10-45%). The light absorption was similar to that of the 
product formed by hydrogenation of ztioporphyrin I pyridinobromocobalt(t11) (above). 

[£tioporphyrin I Cobalt(111)]} Bromide.—To cobaltous ztioporphyrin I (150 mg.) in chloro- 
form (25 c.c.) and methanol (25 c.c.) was added 48% hydrobromic acid (0-5 c.c.), and the solution 
was kept for 2 hr. with frequent shaking. Chloroform (25 c.c.) was then added, the solution 
washed with water (100 c.c.), and the chloroform layer dried (MgSO,) and evaporated to dryness. 
The dark blue residual comflex crystallised from ethanol—light petroleum as purple plates 
(125 mg., 72%) (Found: C, 62-5; H, 6-0; N, 9-05. (C,,H,,BrCoN, requires C, 62-45; H, 5-9; 





5 Fischer and Newmann, Annalen, 1932, 494, 225. 
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N, 9°1%), Amax, at 264, 412, and 557 my (log ¢ 4-39, 4-92, and 4-22 respectively), with inflections 
at 370 and 530 my (log ¢ 4-57 and 4-09 respectively), (in EtOH) 231, 337, 410, 525, 558 my (log ¢ 
4-68, 4-34, 5-22, 4-06, and 4-26 respectively). 

tioporphyrin I Benzimidazolobromocobalt(111).—(i) Benzimidazole (10-6 mg.) was added toa 
solution of [atioporphyrin I cobalt] bromide (10-5 mg.) in chloroform (100 c.c.), and the mixture 
kept for 30 min. with occasional shaking. The light absorption max. at 234, 273, 353, 424, 535, 
and 569 my (E}%,,, 927, 577, 514, 2145, 189, and 180 respectively) indicated that the base was 
incorporated in the co-ordination complex. 

(ii) Cobaltous ztioporphyrin I (200 mg.) was dissolved in chloroform (30 c.c.) and methanol 
(30 c.c.). Benzimidazole (200 mg.) and 48% hydrobromic acid (0-5 c.c.) were then added 
and the mixture kept for 30 min. with occasional shaking. The solution was filtered and chloro- 
form (30 c.c.) added to the filtrate which was washed with water (3 x 100 c.c.) and dried. On 
addition of warm light petroleum, a dark blue amorphous solid (200 mg.) separated (Found: C, 
63-5; H, 6-35; N, 12-0; Br, 10-85. C,,H,,BrCoN, requires C, 63-85; H, 5-75; N, 11-45; Br, 
10-:9%). A solution of this product had the same visible spectrum as the previous preparation. 
The solid decomposed on attempted crystallisation. 

Etioporphyrin I Amminobromocobalt(u1).—48% Hydrobromic acid (1 c.c.) was added to 
cobaltous ztioporphyrin I (300 mg.) in chloroform (60 c.c.)—methanol (50 c.c.), and the solution 
kept for 2 hr. with occasional shaking. Aqueous ammonia (10 c.c.; d 0-88) was then added and 
the mixture set aside for a further 1 hr., then washed with water (3 x 100 c.c.), and the chloro- 
form layer was dried (MgSO,) and evaporated to dryness. The residual complex crystallised 
from chloroform-light petroleum and formed purple needles (300 mg., 85%) (Found: C, 60-7; H, 
6-25; N, 10-9. C,,H;,BrCoN, requires C, 60-75; H, 6-2; N, 11-1%), Amax, 233, 345, 415, 529, 
and 561 my (log ¢ 4-67, 4-42, 5-23, 4-10, and 4-11 respectively), inflection at 275 my (log ¢ 4-23). 

[4tioporphyrin I Cobalt(111)] Cyanide.—Potassium [ztioporphyrin I dicyanocobaltate(111)] 
(200 mg.) in glacial acetic acid (8 c.c.) was warmed on the steam-bath for 90 min. On cooling, 
the product was precipitated by addition of light petroleum, separated, washed with light 
petroleum and crystallised from ethanol-light petroleum as red needles (160 mg., 89%) (Found: 
C, 70-2; H, 6-25; N, 12-4. C,,H,;,CoN, requires C, 70-55; H, 6-45; N, 12-45%), Amax, 235, 279, 
342, 412, 528, and 559 muy (log ¢ 4-63, 4-03, 4-44, 5-11, 4-05, and 4-21 respectively). 

Cobaltous 7Etiochlorin I.—Etiochlorin I was prepared by reduction of ztioporphyrin I as 
described by Eisner ° for etiochlorin II. The chlorin (300 mg.) was continuously extracted from 
a thimble with acetic acid (25 c.c.) in the presence of cobaltous acetate (1 g.). After cooling, the 
product was filtered off, washed with water, methanol, and ether, and crystallised from 
chloroform—methanol as black needles (250 mg., 75%) (Found: C, 71:2; H, 7-1; N, 10-6. 
C3,H;,CoN, requires C, 71-45; H, 7-1; N, 10-4%), Amax, 270, 392, 485, 518, 554, and 615 my 
(log ¢ 3-23, 5-01, 3-66, 3-80, 3-99, and 4-33 respectively). 

Potassium [Etiochlorin I Dicyanocobaltate(111)].—Cobaltous ztiochlorin I (11-0 mg.) was dis- 
solved in 1: 1 chloroform-ethanol (100 c.c.). Excess of potassium cyanide was added to the 
solution which was kept for 2 hr. with occasional shaking and then examined spectroscopically. 
Maxima were found at 231, 413, 500, 528, 569, and 615 my (E}%, 799, 1189, 808, 84-9, 128, 
and 446 respectively) with an inflection at 320 my (E}%,, 264). 

Coproporphyrin I Tetramethyl Ester Aquobromocobalt(111).—This was prepared (82%) from 
cobaltous coproporphyrin I tetramethyl ester and hydrobromic acid in an analogous manner to 
that used for the ztioporphyrin I bromide (above). The aquo-complex crystallised from chloro- 
form-ethanol as mauve needles (Found: C, 55-6; H, 5-3; N, 6-15. CygH,,BrCoN,O, requires 
C, 55-5; H, 5-35; N, 645%), Amax, 262, 414, 532, and 561 my (log ¢ 4-38, 5-03, 4-11, and 4-18 
respectively). 

5-Bromo-3,4'-di-(2’-methoxycarbonylethyl)-3’,4,5'-trimethyldipyrromethene Hydrobromide.—t- 
Butyl 3,2’-methoxycarbonylethyl-2,4-dimethylpyrrole-2-carboxylate (5-6 g.) in glacial acetic 
acid (25 c.c.) was treated with bromine (2-4 c.c.). After the vigorous reaction had subsided, the 
mixture was kept for 15 min., then ethyl acetate (50 c.c.) was added. The product separated 
gradually and crystallised from chloroform—methanol as orange plates (2 g., 35%). 

The above methene hydrobromide (500 mg.) was dissolved in boiling ethanol (20 c.c.) con- 
taining aqueous ammonia (0-5 c.c.; d 0-88) and a saturated solution of cobaltous acetate in 
aqueous ammonia (2-5 c.c.) was added followed by water (20 c.c.). On cooling, the cobalt 
complex crystallised; it recrystallised as green prisms (300 mg., 66%), m. p. 154—155°, from 

® Eisner, J., 1957, 3461. 
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chloroform—methanol (Found: C, 51-7; H, 5-5; N, 6-2. C,ygH,,Br,CoN,O, mc geres C, 51-5; 
H, 5:2; N, 60%), Amax. at 373 and 507 my (log ¢ 4-21 and 5-09 respectively). 

Coproporphyrin I Tetramethyl Ester (with E. BuLLock).—The above methene rpdeohonaide 
(10 g.) was thoroughly ground with succinic acid (50 g.) and dried over sodium hydroxide 
in vacuo for 24hr. The mixture was fused at 195—205° for 1 hr., and after cooling, the succinic 
acid was washed out of the melt with hot water (1-51.). The washings were extracted once with 
chloroform (200 c.c.), and the material so extracted was combined with the solid residue from 
the fusion. The combined solids were dried and esterified with methanolic hydrogen chloride 
(5% w/w) overnight. The porphyrin ester was isolated in the usual way and recrystallised from 
chloroform-methanol, then having m. p. 245—247° (lit.7 248—252°) (1-90 g., 27%). 


We acknowledge the award of a Maintenance Grant (to I. T. K.) from the Department of 
Scientific and Industrial Research. 
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603. Kinetics of the Aldol Condensation of Acetaldehyde. 
By R. P. Bett and P. T. McTicvue. 


Measurements are reported on the initial reaction rates of the aldol 
condensation of acetaldehyde and of the reaction of acetaldehyde with 
formaldehyde, in sodiim hydroxide solutions and in borate and carbonate 
buffers. The acidic properties of acetaldehyde and formaldehyde have been 
investigated, and the results are used to correct the hydroxide-ion con- 
centrations in the kinetic experiments. The corrected results show that the 
aldol condensation is almost of the second order with respect to aldehyde, 
though the apparent order decreases slightly with increasing aldehyde con- 
centration. The aldol condensation in buffer solutions exhibits general base 
catalysis, but does not obey the usual quantitative laws. 

The results are interpreted by assuming that the ionization and condens- 
ation steps of the aldol condensation have comparable rates, the former 
being the faster under most conditions. A similar interpretation applies to 
the previously unexplained kinetics of the acid-catalysed decomposition of 
the diazoacetate ion.1® The rate of reaction between acetaldehyde and 
formaldehyde is proportional to the first power of the acetaldehyde con- 
centration, but independent of formaldehyde concentration, and is therefore 
governed by the rate of ionization of acetaldehyde. The value thus found 
for the rate of ionization is similar to that for acetone, and is consistent with 
the observed kinetics of the aldol condensation. 


It is generally accepted that the base-catalysed aldol condensation of acetaldehyde takes 
place in two steps. In the first of these the anion CH,*CHO™ is formed by the reaction of 
one molecule of aldehyde with a base, and in the second this anion combines with a second 
molecule of aldehyde to form the anion of aldol, CHO-CH,°CHMe-O-. The first investig- 
ation of the kinetics of this reaction in dilute sodium hydroxide ! suggested that it is of the 
first order with respect to aldehyde, indicating that the first of the above steps is rate- 
determining. The same conclusion follows from the observation? that in the aldol 
condensation of a concentrated solution of acetaldehyde in deuterium oxide no deuterium 
becomes attached to the carbon atoms of the aldol. More recent kinetic work ** led to a 
reaction order between the first and the second, varying with the aldehyde concentration, 
suggesting that the first and the second step of the reaction are of comparable velocities. 

Bell, J., 1937, 1637. 

Bonhoeffer and Walters, Z. phys. Chem., 1938, A, 181, 441. 


1 
° Broche, ‘‘ Colloque National de Cinétique,”’ Strasbourg, 1953. 
‘ Broche and Gibert, Bull. Soc. chim. France, 1955, 131. 
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This view was supported by measurements on deuterium exchange in buffer solutions 
over a wide range of aldehyde concentrations. The amount of deuterium introduced 
into the unchanged acetaldehyde increased as the reaction progressed, but decreased with 
increasing aldehyde concentration, becoming negligible at very high concentrations. The 
results were consistent with the mixed kinetics previously reported,** but a quantitative 
comparison was not possible without further knowledge of the reaction kinetics in buffer 
solutions and the magnitude of the kinetic isotope effects involved. Some information on 
the latter point has been given recently by Pocker,® but our quantitative understanding of 
the reaction is still far from complete. 

The present paper deals with three aspects of the reaction. The first combines kinetic 
work in sodium hydroxide solutions with measurements of the acidic properties of 
acetaldehyde in alkaline solutions, where it is converted partly into the ion Me-CH(OH):0-, 
Under the conditions used in kinetic experiments this produces a considerable reduction 
in the hydroxyl-ion concentration and affects the apparent order of the reaction. The 
second aspect concerns kinetic measurements in buffer solutions, in which general base 
catalysis should be detectable if the formation of the ion CH,*CHO™ is wholly or partly 
rate-determining. Finally, the rapid addition of the ion CH,*CHO™~ to formaldehyde has 
been used to obtain an independent measure of the rate of ionization of acetaldehyde. 

The overall chemistry of the aldol condensation is complicated, since the aldol originally 
formed can undergo a variety of changes, e.g., dehydration to crotonaldehyde, dimerization 
to paraldol, addition to a further molecule of acetaldehyde to give 6-hydroxy-2,4-dimethyl- 
1,3-dioxan, and ultimately condensation to products of high molecular weight.’ It is 
therefore necessary to consider only initial reaction rates, and almost all the kinetic 
measurements described here refer to the initial rates of volume change measured dilato- 
metrically. These can be used directly for determining the effect upon the reaction 
velocity of aldehyde concentration and of the nature and concentration of the catalyst 
solution. Attempts were made to convert these dilatometric rates into true velocity 
constants by means of spectrophotometric measurements, but with only partial success. 


EXPERIMENTAL 

Acetaldehyde was distilled in a current of oxygen-free nitrogen, condensed in a dry-ice trap, 
and stored in sealed bulbs containing 0-5—2 g. Titration of aqueous solutions showed that it 
contained 0-1—0-2 mol. % of an acid of pK about 5, presumably acetic acid, and this was 
estimated in each batch and allowed for in calculating the composition of solutions. A 40% 
aqueous solution of formaldehyde was used: it contained about 0-05 mol. % of acid, presumably 
formic. Acetaldehyde solutions were analysed by Friedman, Cotonio, and Schaeffer’s method,’ 
and formaldehyde solutions by treatment with an excess of sodium sulphite and titrating 
with standard acid the alkali released according to the equation CH,(OH), + SO,2> —» 
CH,(OH)-SO,- + OH~. Inorganic materials were of “‘ AnalaR”’ grade, and solutions were 
made with boiled-out distilled water. Special care was taken to exclude carbon dioxide in 
preparing and handling dilute sodium hydroxide solutions. 

Conductivities were measured with a Cambridge bridge, with a telephone detector and a 
cell with platinized electrodes having a cell constant of about 0-3. Spectrophotometric 
measurements were made either with a Perkin-Elmer recording Spectracord 3000A, or with a 
Unicam S.P. 500 spectrophotometer having a cell compartment controlled to 25° + 0-2°. 

Conventional Pyrex dilatometers were used, having volumes of about 30 c.c. and capillaries 
of about 0-2 mm.? cross-section. The initial rates of volume change were calculated by a 
method developed by Broche and Gibert,*** which has the advantage that no subjective draw- 
ing of initial tangents is involved. If the dilatometer readings at times ¢ and ¢ + 8¢ are respec- 
tively x(t) and 2(¢ + 8¢) = 2(t) + 3%, then Taylor’s theorem leads to the expression 


Bx/3t = 2x’(t) + ga’ (thx (t)8t + 


5 Bell and Smith, J., 1958, 1691. 
Pocker, Chem. and Ind., 1959, 599. 
Owen, Ann. Reports, 1944, 41, 139. 
Friedman, Cotonio, and Schaeffer, J. Biol. Chem., 1927, 78, 341. 
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If x” (¢) can be taken as constant over a limited period, then a plot of 8x/8¢ against 8¢ for a given 
yalue of ¢ will give x’(¢) by extrapolation: similarly, the initial slope x’(0) can be obtained by 
extrapolation from the values of x’(#) at different times. If (dV/dt), is the initial rate of change 
of volume thus determined we can define a dilatometric reaction velocity by v* = (dV/dt),/V: 
this is independent of the size of the dilatometer and the bore of its capillary. All the rates 
given in Tables 3—8 represent v* in units of sec... The chemical rate in mole 1.“! sec.~! can be 
obtained from v* by dividing by the volume change of the reaction in 1. mole™, if this is known. 

All dilatometric and other measurements were carried out at 25°. 

The Acidity of Solutions of Formaldehyde and Acetaldehyde——An aldehyde, R-CHO, can 
behave as a weak acid in aqueous solution by adding on hydroxy] ions to give R-CH(OH)-O-, 
the conjugate base of the hydrated form R-CH(OH),. Thus chloral hydrate has a pK of about 
11,° and values between 12 and 14 have been reported ' for CH,(OH), at different temper- 
atures; both chloral and formaldehyde exist almost entirely in the hydrated form in aqueous 
solution. The results for formaldehyde involved the use of glass electrodes in strongly alkaline 
solutions, and are of doubtful accuracy. 

Our own measurements were made by the method developed by Ballinger and Long," 
based on the change of conductivity produced when a large excess of a very weak acid is added 
to a dilute solution of sodium hydroxide. If a represents the total aldehyde concentration 
(including both hydrated and unhydrated species) and x the concentration of anion formed, we 
can define an equilibrium constant by K’ = x/(a — *)[OH™], where the activity coefficients of 
the two anions will cancel out to a good approximation. Provided that a > [OH7] it is easily 
shown that 

Rol (%o — 2») = a(1 + 1/K’a), « = (lon + Iwa)/(lon — 4a) - - + + (I) 


where A, and 4 are the conductivities with and without the addition of aldehyde and / represents 
ionic mobility. In principle, it should be possible to determine both K’ and « from the slope 
and intercept of a plot of 9/(A, — A) against 1/a, but in practice it is necessary to estimate « 
separately by assuming a value for /,, the mobility of the anion, and then to obtain K’ from the 
slope of the plot. We have taken the anion mobilities as equal to those of formate and acetate 
for formaldehyde and acetaldehyde respectively, leading to 1-73 and 1-58 for the corresponding 
values of «. 

Because of the progress of the aldol condensation it is necessary to extrapolate the con- 
ductivity to zero time in the experiments with acetaldehyde. The small acid content of both 
aldehydes (0-05—0-02 mol. %) must be allowed for. This is most conveniently done by 
neutralizing the formic or acetic acid before adding the aldehyde to the sodium hydroxide 
solution, and adding a correction to the observed value of 4,—A to allow for the sodium formate 
or acetate thus introduced. At the same time a much smaller correction is made to allow for 
the effect of the increased ionic strength on the ionic mobilities: this was calculated from the 
Onsager conductivity equation. For acetaldehyde the total correction is large, the observed 
conductivity change being usually an increase rather than a decrease, and this constitutes the 
chief source of error in applying the method to this substance. 

The results obtained are given in Tables 1 and 2. Fig. 1 shows the plots of the corrected 
values of 2»/(Ag — A) — « against I/a, and the slopes of the straight lines lead to K’ 


TABLE 1. Acidity of formaldehyde. 


A = reciprocal of cell resistance (ohms); A, = 8-66 x 10“ mho throughout; [NaOH] = 1-22 x 10°% 
throughout; [H-CO,Na] = 5 x 10~“a throughout. 
0-0315 0-0442 0-0629 0-126 0- 
1-06 1-23 2-10 2- 
7 , . 1-07 1-24 2-12 2: 


(formaldehyde) = 5:1, K’ (acetaldehyde) = 1-8. Since formaldehyde exists in aqueous 
solution almost entirely as the hydrate CH,(OH),,™” the acid dissociation constant of this 
species is given by K, = K’K, = 5:1 x 10. Acetaldehyde, on the other hand, is about 55% 
hydrated at 25°,8 so that the atid strength of Me-CH(OH), is Kz = K’K,/0-55 = 3:3 x 10™. 

® Euler, Ber., 1903, 36, 4255. 

Martin, Austral. J. Chem., 1954, 7, 400. 

' Ballinger and Long, J. Amer. Chem. Soc., 1959, 81, 1050. 

Bieber and Triimpler, Helv. Chim. Acta, 1947, 30, 1860. 
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TABLE 2. Acidity of acetaldehyde. 

10*(A, — A) 
103[NaOH] 104A, a 10°[Me-CO,Na] obs. corr. 
1-00 7-58 0-047 0-72 —1-72 0-40 

. 7-58 0-101 : — 3-32 
7-58 0-200 . —6-13 
7-58 0-290 . — 2-48 
7-58 0-475 . — 3-52 
15°13 0-197 : — 4-35 
15-13 0-390 . —0-25 
22-90 0-047 - — 1-05 
22-90 0-101 : — 1-68 
38-60 0-101 . — 0-50 


ssessssse 


The pK found for CH,(OH), is in reasonable agreement with previous values,’ but is probably 
more accurate than these. The lower acidity found for Me*CH(OH), shows the expected effect 
of the methyl group, though the effect is considerably smaller than that shown in the pair 
H-CO,H (pK 3-75) and Me-CO,H (pK 4-75). 

Kinetics of the Aldol Condensation in Sodium Hydroxide Solutions.—The reaction takes place 
at a convenient rate in 10°*—10*m-sodium hydroxide, and the initial dilatometric rates are 





Fic. 1. Effect of formaldehyde and acetaldehyde on the 
conductivity of sodium hydroxide solutions. 











given in Table 3. In calculating the hydroxide-ion concentrations allowance has been made 
for the acetic acid contained in the acetaldehyde, and also for the removal of hydroxide ions by 
the reaction Me‘CHO + OH~ === Me’CH(OH)-O~, the value of K’ obtained in the last section 
being used. The second effect is important, and the true values of [OH™] differ considerably 
from the stoicheiometric concentration of sodium hydroxide. 

The reaction in sodium hydroxide solutions was also studied spectrophotometrically. 
Spectra taken with the ne te showed a complicated series of changes. The broad band 
of acetaldehyde at 2800 A decreases slightly in intensity during the first few per cent of the 
reaction, but subsequently absorption in this region increases, and a strong band appears at 
2250 A, probably due to crotonaldehyde. (The absorption spectrum of aldol itself is not 
known, since the material usually obtained as acetaldol probably consists mainly of 6-hydroxy- 
2,4-dimethyl-1,3-dioxan,”"4 and is also usually contaminated with crotonaldehyde and other 
products.) As the reaction progresses new bands appear at longer wavelengths, notably one 
at 2780 A, and for long reaction times the absorption extends into the visible, with a maximum 
at about 3100 A. 

The growth of the peak at 2780 A has been used to obtain relative reaction rates for con- 
centrations of sodium hydroxide in the range 0-1—4mM, where the velocities are too high for the 
dilatometric method. Measurements were made at 25° with the Unicam instrument. After a 


18 Bell and Clunie, Trans. Faraday Soc., 1952, 48, 439. 
14 Saunders, Murray, and Cleveland, J. Amer. Chem. Soc., 1943, 65, 1309, 1714. 
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TABLE 3. The aldol condensation in dilute sodium hydroxide. 


a = Acetaldehyde concentration; v* = initial dilatometric rate (sec.~). 
10°[NaOH] 10°(OH-] 10%* 105v*/a*{OH~] 105[NaOH] 10°(OH-)] 10%*  105v*/a*{OH~} 
a = 0-100 a = 0-300 
85 25 292 65 132 232 
169 34 199 130 256 219 
254 72 285 200 331 183 


424 82 193 5 332 621 208 
848 148 174 —- 


oa Mean 211 
Mean 239 aie 


259 229 
248 202 
202 205 
180 —— 


esas Mean 209 
Mean 230 eee 


short induction period the optical density D increases linearly with time; moreover, for a fixed 
concentration of sodium hydroxide the rate of increase is proportional to the square of the 
aldehyde concentration, thus resembling the dilatometric rates in Table 3. For example, with 
[NaOH] constant at 1-97Mm, the value of dD/dt for a = 0-01, 0-02, and 0-03 are 0-49 x 10%, 
1:9 x 10%, and 4-4 x 10% sec.1, corresponding to (dD/dt)/a? = 4-9, 4-8, and 4-9. It thus 
seems justifiable to take dD/d¢ as an approximate measure of the relative rates of the aldol 
condensation, though the results cannot be compared exactly with the dilatometric rates. The 
results obtained with a fixed aldehyde concentration are given in Table 4, which shows that the 
velocity passes through a maximum at a sodium hydroxide concentration of between 0-5 
and 1-0m. 
TABLE 4. The aldol condensation in concentrated sodium hydroxide. 
a = 0-02 throughout; dD/dt = rate of increase of optical density at 2780 A (sec.~) 
[NaOH] 0-10 0-30 0-50 1-00 1-50 1-93 1-97 4-02 
10'dD/dt 11-4 22-1 24-6 26-6 23-7 20-2 19-0 16-3 


Kinetics of the Aldol Condensation in Buffer Solutions.—Most of these measurements were 
made dilatometrically in borate or carbonate buffers. In these solutions only small corrections 
are necessary for the presence of acetic acid and none for the acidity of acetaldehyde. The 
experiments were designed to determine the dependence of the rate both on the buffer com- 
position and on the aldehyde concentration. The results are given in Tables 5 and 6. In 


TABLE 5. The aldol condensation in borate buffers. 
R = (H,BO,)/(H,BO,~). 
I= 0-1, a = 0-235, R = 1-00, 10°};OH~] = 1-72 
[H,BO,-] 0-10 0-08 0-06 0-04 03 . 0 
2-83 2-14 2-14 1-80 ; . 1-50 (extrap.) 
I = 0-1, a = 0-235, R = 0-285, 10°[OH-] = 6-04 
0-08 0-04 0-01 0 
7-55 6-85 5-93 5-5 (extrap.) 
0-10 0-08 0-06 0-04 0: 0 
i | 12-5 12-0 . ; 8-1 (extrap.) 
I = 0-2 (0-1 for italicized figures), R = 0-25, 10°[;OH~] = 6-90 
Values of 10°v* 
a= 0-48 0-40 0-30 8=.0-20 a= 0-48 
[H,BO,~ | [H,BO,~} 
0-20 50-2 , . 0-06 35-0 26-0 
0-16 47-7 0-04 33°5, 36-5 21-4, 23-5 
0-12 44-0 0-02 30-5 20-8 
0-10 442 0 (extrap.) 29 19-5 
0-08 40-2, 39-7 


be tc be bo 
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calculating the hydroxide-ion concentrations in the borate buffers the activity coefficients 
cancel out to a first approximation: in the carbonate buffers they were calculated from the 
expression log f, = 0-52*/#/(1 + I), where J is the ionic strength. 

Some dilatometric and spectrophotometric measurements were also made in carbonate and 
phosphate buffers. It was hoped that the initial decrease in the absorption at 2800 A would 


TABLE 6. The aldol condensation in carbonate buffers. 
I = 0-2 throughout, R = [H-CO,~)/[(CO,?-] 
a = 0-235, R = 1-00, 10°[(OH~]} = 10-7 
0-05 0-04 0-03 0-02 0-01 0 
13-4 12-8 12-0 11-7 11-0 10-3 (extrap.) 
a = 0-235, R = 0-50, 10°[(OH-] = 21-5 
0-04 0-03 0-02 0-01 0 
22-3 21-7 20-2 19-8 19-0 (extrap.) 
a = 0-235, R = 0-33, 10°[OH-] = 32 
0-05 0-04 0-03 0 
35-0 32-5 30-7 29 


2 
a 

9 

4 


“4 27-3 25-5 (extrap.) 
R = 1-00, 10°[{OH~] = 10-7. Values of 10°v*. 
0-46 0-67 #8 0-80 a= 012 0235 046 0-67 0-80 
[CO,*-] [CO,?-] 
0-05 . 50-8 110 173 0-02 -- 11:7 39-2 — - 
0-04 . . 49-3 103 -- 0-01 2-60 11-0 405 86 140 
0-03 . 41-2 97 — 0 (extrap.) 2-5 10-3 39 80 132 


R = 0-50, 10°[0OH~] = 21-5. Values of 10°v*. 
a= 0-235 0-46 0-67 a= 0-235 0-46 0-67 
[CO,*-] » (CO,-] 
0-05 88 198 0-02 20-2 78 173 
0-04 87 183 ool 19-8 73 171 
0-03 82 173 0 (extrap.) 19 69 170 


give the absolute rate of disappearance of acetaldehyde, and that by comparing this with the 
initial dilatometric rate the specific volume change could be determined, thus making it possible 
to convert all the dilatometric rates into absolute rates. However, this was only partly 
successful, since (as in the experiments in sodium hydroxide solutions, described in the last 
section) the decrease of absorption was soon replaced by an increase, and by the appearance of 
absorption bands at lower wavelengths. It is thus probably an over-simplification to attribute 
the initial decrease of absorption at 2800 A solely to a decrease in acetaldehyde concentration. 
The simple assumption leads to the following values: 


Carbonate buffer, [HCO,~] = [CO,?"] = 0-1, [Me-CHO] = 0-1 
Dilatometric rate, v* = 2-2 x 10° sec.? 
Spectrophotometric rate = 3-0 x 107 mole 1. sec.} 
Specific volume change = 7:3 x 10° 1. per mole of Me‘CHO 


Phosphate buffer, [HPO,2-] = [PO,?"] = 0-1, [Me-CHO] = 0-1 
Dilatometric rate, v* = 9-1 x 108 sec.? 


Spectrophotometric rate = 1-3 x 10° mole 1. sec. 
Specific volume change = 7:0 x 10° 1. per mole of Me-CHO 


The specific volume change, 7 x 10% 1. mole™, is substantially greater than the value 
2-5 x 10% given by Bell,} who compared the volume change with the decrease in titratable 
aldehyde groups. However, he assumed that the product was aldol, containing one titratable 
-CHO group: if, as is more likely, it is 6-hydroxy-2,4-dimethyl-1,3-dioxan, containing no 
aldehyde groups, the volume change would be 5 x 10°. This is not very different from our 
present value, considering the uncertainty in interpreting the optical data and the fact that 
Bell’s observations were not confined to the initial stages of the reaction. 

Kinetics of the Reaction between Acetaldehyde and Formaldehyde.—In alkaline solutions these 
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two substances eventually yield pentaerythritol, presumably by three successive aldol condens- 
ations followed by a Cannizzaro reaction. However, the kinetic and spectrophotometric 
measurements described here show that the early stages of the reaction can be described by 
Me-CHO + CH,O —» CH,(OH)-CH,-CHO == CH,:CH-CHO. When acetaldehyde is mixed 
with a large excess of formaldehyde in an alkaline buffer, the carbonyl absorption at 2800 A 
decreases steadily, and is replaced by strong absorption at 2240 A, probably due to acraldehyde. 
For about the first 25% of the reaction there is a well-defined isosbestic point at 2520 A. The 
decrease at 2800 A is much faster than for the aldol condensation of acetaldehyde alone in the 
same buffer solution, and can reasonably be used to measure the initial rate of disappearance 
of acetaldehyde, since the reaction with formaldehyde appears to be simpler than with 
acetaldehyde alone. There is no detectable absorption at 2800 A due to formaldehyde, which 
is almost completely hydrated to CH,(OH), in aqueous solution. 

A comparison of dilatometric and spectrophotometric observations was used to determine 
the specific volume change of the acetaldehyde—-formaldehyde reaction. Initial rates were 





E6 
Fic. 2. Dilatometric curves for the reaction of 
acetaldehyde with varying concentrations of 
formaldehyde. 








l lL L 
1/0 3O 50 
Time(min.) 





measured in each case, and several determinations with [PO,3-] = [HPO,?"] = 0-1, [Me‘CHO] = 
0-1, (CH,O] = 4-8 gave concordant values of 1-7 x 101. per mole of Me-CHO for the volume 
change. 

Most of the kinetic information about this reaction was obtained from dilatometric measure- 
ments. The volume decrease in presence of an excess of formaldehyde was much faster than 
with acetaldehyde alone, and no volume change was detectable with formaldehyde alone. 
Fig. 2 shows the dilatometric readings for the reaction in a phosphate buffer ({[PO,3-] = 
[HPO,?-] = 0-1) with a constant acetaldehyde concentration of 0-1m and varying formaldehyde 
concentrations. The initial rate is independent of formaldehyde concentration, though this is 
not true of the later stages of the reaction. The initial rates given in the tables were calculated 
by the procedure already described. 

The order of the reaction with respect to acetaldehyde and hydroxyl ions was investigated 
in dilute solutions of sodium hydroxide, as shown in Table 7. On account of the acidity of 
formaldehyde the true hydroxyl-ion concentration was much smaller than that of the sodium 
hydroxide added: it was estimated from the value already given for the equilibrium constant 
of the reaction CH,(OH), -++- OH == CH,(OH)-O- + H,O. A correction was also made for 
the proportion of formaldehyde present as polymer, data quoted by Walker '* being used. 

The order of the reaction with respect to acetaldehyde was also studied in carbonate buffers 
as shown in Table 8. Similar results were obtained in phosphate buffers. 


%* Walker, ‘‘ Formaldehyde,”’ Amer. Chem. Soc. Monograph, Reinhold, 1944. 
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TABLE 7. Reaction of acetaldehyde with formaldehyde in dilute sodium hydroxide. 


(Me-CHO} (CH,O} 10*[NaOH} 10*(OH-} 10°v* 108v*/[OH~)][(Me-CHO}] 
0-02 3-22 100 7-4 22 1-5 
0-10 3-22 106 7-8 120 1-5 
0-10 1-61 100 11-7 173 1-4 
0-10 3-22 200 14-8 250 1-7 
0-10 3-22 522 38-6 630 1-6 
0-20 3-22 100 7-4 220 1-5 
0-20 3-22 10 0-74 18 1-2 


TABLE 8. Reaction of acetaldehyde with formaldehyde in carbonate buffers. 
[CO,?-| = [HCO,-] = 0-1; [OH-] = 1-06 x 10+; [CH,O] = 48 


IR kth. HUA Rie 0-02 0-04 0-06 0-08 0-10 

0 REE rear See 6-5 13-5 20-7 25-1 35-5 

10*v* /[OH—][Me-CHO] ...........sceccceeceeee 31 3-2 3-2 3-0 3:3 
DISCUSSION 


It is convenient first to consider the kinetic scheme for the aldol condensation of 
acetaldehyde in a simple buffer solution A-B. The kinetically important part of the 
reaction can be written 


a H,O 
CH,°CHO + <H,O =e CH,°CHO- + < H,0* ~ x & "Ss , ee 
B k, A 


k. 
CHy.CHO- -+Me*CHO ——t CHO°CH,*CHMe:O- 


where k, and #_, are first-order constants whose: values depend upon the composition of 
the buffer solution, and &, is a second-order constant. The ion CHO-*CH,*CHMe-0- 
probably reacts rapidly with a further molecule of acetaldehyde to give 6-hydroxy-2,4-di- 
methyl-1,3-dioxan, and if this is so the reaction scheme (2) corresponds to the 
disappearance of three molecules of acetaldehyde. Our experiments give initial rates, 
and since there is good evidence '*!” that the hydration equilibrium of acetaldehyde is 
established very much more rapidly than the reactions in scheme (2), the observed rates 
can be expressed in terms of a, the initial stoicheiometric aldehyde concentration, giving 


= k, 
da/dt — ak, — ak ky . . . . . . . . (3) 
Equation (3) shows how the order of the reaction should vary between one and two with 
varying aldehyde concentration. The constants k, and k., are functions of the con- 
centrations of the acidic and basic species present, 7.¢., 


ky = Ron[OH™] + hy + Ae(B] 
hk. = hy’ + ky{H*] + &y(A] 


However, the various constants in scheme (4) are not all independent, since they are 
related through the equilibrium constant [CH,*CHO™]/[CH,*CHO][OH-] = K; applying 
the principle of detailed balancing to each acid-base pair separately, we obtain 


(4) 





Iylk.y = kon(OH"]/kg’ = Rolku(H*] = kn[B)/ka(A] = K(OH-]. . . 6) 
so that equation (3) becomes 
~ dajdt = affon(OH=] + % + Ax(B} * aK) « « * O 


16 Bell and Darwent, Trans. Faraday Soc., 1950, 46, 34. 
7 Bell, Rand, and Wynne-Jones, Trans. Faraday Soc., 1956, §2, 1093. 
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Further, since the buffer equilibrium can be written [A][OH~]/[B] = Kg, an alternative 
form for equation (6) is 
eae os 1 m [A] (7) 
da/dt a{ky + [B)[kp + Kpkon/[A]} © ah,.KKpiB]) © * * 





For solutions of sodium hydroxide the term in [B] disappears from equation (6), and if also 
ky < Ron{OH~], we have 
S(OH-]_ 1, 1 " 
Gaye @Aam ' @ameoee*** * * ( 


In all the above equations no account has been taken of salt effects, so that some of the 
equilibrium and velocity constants will vary appreciably with salt concentration. 

The last column of Table 3 shows that in sodium hydroxide solutions the aldol condens- 
ation is approximately of the second order in aldehyde, though there is some decrease of 
v*/a*(OH~| with increasing a: this indicates that the second term in equation (3) or (8) 
is the more important even at the highest aldehyde concentration studied. This con- 
clusion differs from the previous finding *4 that the first-order term is considerable in the 
range a = 0-1—0-4, the difference being due to the fact that in earlier work no correction 
was made for the decrease in [OH~] caused by the formation of the ion Me*CH(OH):O-. 
However, there is a further complication, which makes it difficult to give a quantitative 
interpretation. The ion Me-CH(OH)-O~ is present in concentrations comparable with 
(OH~}, and may well contribute appreciably to k,, since, although it is a considerably 
weaker base than OH~ (pK 13-5, compared with 15-7), there is much evidence #8 that 
proton transfers to OH~ are slower than would be expected. Examination of equation (6) 
shows that this would have the effect of increasing the apparent order with respect to 
aldehyde: hence the first-order term in equation (8) is probably more important than 
appears from Table 3. 

The variation of reaction velocity with alkali concentration in concentrated sodium 
hydroxide solutions (Table 4) can be accounted for if we make the reasonable assumption 
that the ion Me-CH(OH)-O~ does not take part in the condensation. In these experiments 
the aldehyde concentration was low (0-02m) and it will be a good approximation to take 
only the second term of equation (8). If x = [Me*CH(OH)-O°] the velocity is given by 


— da/dt = (a — x)*k,K[OH~] = k,Ka®(OH~}/(1 + K’[(OH-})? . . (9) 


where K’ is the equilibrium constant x/(a — x)[OH~], found experimentally to equal 1-8. 
Equation (9) predicts a maximum velocity at K’[OH~] = 1, i.e., [(OH~] = 0-6. This is 
consistent with the values in Table 4, and the form of the velocity—concentration curve is 
well represented by equation (9). 

Further information on the velocity in presence of hydroxide ions can be obtained 
from the measurements in buffer solutions (Tables 5 and 6), using the velocities 
extrapolated to zero buffer concentration. These values are collected in Table 8, which 
shows that the quantity v*/a?[O0H~] exhibits no systematic variations over a considerable 
range of [OH] and a; 1.e., the reaction is again close to the second order in acetaldehyde. 
The mean value of v*/a?{OH~] is somewhat smaller than that found from measurements 
in sodium hydroxide solutions (Table 3), but the difference is probably not greater than 
can be accounted for by the uncertainties of correcting for the formation of Me*CH(OH)-O- 
in sodium hydroxide solution and of calculating [OH~] in the buffer solutions. Equation 
(6) predicts that for a given aldehyde concentration the reaction will be closer to the second 
order in a buffer solution than in a sodium hydroxide solution. 

The results in Tables 5 and 6 demonstrate clearly the presence of general base catalysis 
since in every case the velocity increases with increase of buffer concentration at constant 


8 Bell, ‘‘ Acid-Base Catalysis,”” Oxford, 1941, p. 92. 








2992 Bell and McTigue: 


TABLE 8. Hydroxide-ion catalysis from measurements in buffer solutions. 
10(OH-}] a 10°%* (extr.) 10°v*/a{OH-] 10}OH-] a 10°v* (extr.) 10%v*/a*{OH-] 


Borate buffers Carbonate buffers 

1-72 0-235 1-50 160 10-7 0-12 2-5 164 
6-04 0-235 5-5 165 10-7 0-235 10-3 174 
6-90 0-20 5-5 197 10-7 0-46 39 174 
6-90 0-30 12-5 201 10-7 0-67 80 169 
6-90 0-40 19-5 177 10-7 0-80 132 194 
6-90 0-485 29 180 21-5 0-235 19-0 166 
10-3 0-235 8-1 144 21-5 0-46 69 153 
21-5 0-67 79 178 

32-2 0-235 25-5 144 


buffer ratio (and therefore constant [OH~}). However, the quantitative laws obeyed 
are not those usually encountered, but show the following abnormalities: 

(a) For a given buffer system the apparent catalytic effect of the basic constituent 
decreases with an increase in the concentration of the acidic constituent, 7.e., with decrease 
in [OH-}. 

(b) At a constant buffer ratio the effect of the basic buffer constituent relative to that 
of [OH~] decreases with increasing aldehyde concentration. 

Both of these effects are in accordance with equations (6) and (7). These equations also 
predict that a plot of velocity against [B] at constant [OH~] should be concave to the 
concentration axis, but the part played by general base catalysis in this reaction is too 
small to establish this curvature or to attempt a quantitative test of the equations. 

It is therefore of interest that published work by King and Bolinger on quite a 
different reaction shows quantitative agreement with closely analogous equations.”° The 
decomposition of the diazoacetate ion exhibits general acid catalysis, but shows anomalies 
which were left unexplained by the authors: in particular, the catalytic effect of an acid 
depends on the concentration of the corresponding base. If we postulate a two-stage 
reaction scheme, 

H,O* k, H,O 
N,CHCO,- 4 {x0 === NIN-CH,CO,- + {or 
N3N‘CH,"CO,- -+ HO —t N, + CH,(OH)CO,H 
with k, = ky[{H*] + ky + a[A], then a steady-state treatment gives for the observed 
first-order velocity constant k, 


penne eweege a 
o + Aul{H*] + kaf[A] © 2{H*] 
where K is the equilibrium constant (H*][N,:CH-CO,-]/[NIN-CH,*CO,-]. This is closely 
analogous to equation (6) for the aldol condensation, except that there is no variation of 
reaction order with concentration, since the second step does not involve another molecule 
of substrate. In fact, all the velocity constants of King and Bolinger for reactions in 
sodium hydroxide solution and in buffers of phenol, ammonia, and piperidine (about 100 
in all) can be represented by the following choice of constants: 


ky = 3-0 x 10% min.+ 

ky = 7-0 x 10°, k(NH,*) = 1-2, k,/K = 5-0 x 108; 

k (CsH;-OH) = 4-0, & (piperidinium) = 0-014 1. mole min.*+ 
Figs. 3 and 4 show a comparison between the experimental points and the calculated 
curves for phenol and ammonia buffers: the agreement is equally good for piperidine 
buffers and sodium hydroxide solutions. 


19 King and Bolinger, J]. Amer. Chem. Soc., 1936, 58, 1533. 
20 Bell, ‘‘ The Proton in Chemistry,” Cornell, 1959, p. 135. 
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Equations (4)—(8) for the aldol condensation contain the velocity constants kp», Ron, 
and ky which represent the velocity of ionization of acetaldehyde in presence of the bases 
H,O, OH”, and B, and it would be valuable to have an independent measure of these 
velocities. For many carbonyl compounds these are equal to the rates of zero-order 
halogenation, but this method is not directly applicable to acetaldehyde, since oxidation 
preponderates in its reaction with halogens.** However, a good estimate of its rate of 


Fic. 3. Decomposition of the diazoacetate ion 
in phenol buffers. 





Fic. 4. Decomposition of the diazoacetate ion 
in ammonia buffers. 
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ionization can be obtained from the initial rate of reaction with formaldehyde. Fig. 4 and 
Tables 7 and 8 show that at high formaldehyde concentrations this reaction is of zero 
order with respect to formaldehyde, but of the first order in both acetaldehyde and 
hydroxyl ions, so that the rate-determining step is presumably CH,-CHO + OH~ —» 
CH,°CHO- + H,0O, followed by a rapid reaction of the anion with formaldehyde. More- 
over, the comparison of dilatometric and spectrophotometric observations gave 1-7 x 10-1. 
per mole of acetaldehyde for the volume change of the reaction, so that the dilatometric 
constants in the last column of Table 7 give kog = 15 x 10°%/1-7 x 107 =9 x 10? 1. 
mole™ sec.! for the velocity constant of CH,CHO + OH~. This is quite close to the 
value 1-7 x 107 for the corresponding reaction of acetone * (from rates of halogenation), 
and the agreement is even closer if we multiply the acetaldehyde value by 2-2 to allow for 
its partial hydration in solution,!® and divide the acetone value by 2 to allow for the 
presence of two equivalent methyl groups. The rate of ionization of acetaldehyde in 
carbonate buffers (Table 8)- is about twice as great as can be accounted for by 
the concentration of hydroxyl ions, showing that the reaction CH,-CHO + CO,?> —» 
CH,*CHO- + HCO, is contributing appreciably. It is therefore probable that the 


*t Bell and Ford-Smith, to be published. 
*2 Bell and Longuet-Higgins, /., 1946, 636. 
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reaction CH,-CHO + CH,(OH)-O- —» CH,°CHO™ + CH,(OH), contributes something 
to the observed velocities in sodium hydroxide solutions, so that the velocity attributed 
to CH,-°CHO + OH~ may be rather too high. 

Unfortunately, it is not possible to apply these rates of ionization quantitatively to the 
kinetics of the aldol condensation, since we lack the information necessary to convert the 
dilatometric constants in Table 3 into absolute rate constants. However, any reasonable 
choice for the specific volume change of the aldol condensation leads to the conclusion 
that in sodium hydroxide solutions the rate at which the ion CH,*CHO~ undergoes further 
condensation is less than the rate at which it is formed by a factor of 3—6. This is 
consistent with an observed order of reaction close to 2, and also with the presence of 
modified general base catalysis, and the partial isotopic exchange previously found when 
the reaction is carried out in deuterium oxide.® 

It has recently been reported * that trideuteroacetaldehyde undergoes the aldol condens- 
ation about 7 times as slowly as acetaldehyde in solutions of sodium hydroxide. The 
aldehyde concentration in these experiments is not given, but our experiments show that 
the ionization step is only partially rate-determining even at high concentrations. Since 
the condensation step will be little affected by isotopic substitution, the isotope effect 
on the rate of ionization should be considerably greater than 7. It is therefore surprising 
that Pocker * finds closely the same value for the isotope effect in the bromination of 
acetone and hexadeuteroacetone in alkaline solution, in which the ionization of the ketone 
is rate-determining.2* Measurements in this laboratory 2! on the same reaction give an 
isotope effect of 10, which seems more probable, and agrees with the value reported by 
Wynne-Jones ** for the neutralization of nitroethane and dideuteronitroethane by 
hydroxide ions. The discrepancy for acetone remains unexplained. 


One of us (P. T. McT.) thanks Magdalen College, Oxford, for the award of a Perkin Research 
Scholarship, during the tenure of which this work was carried out. 
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23 Pocker, Chem. and Ind., 1959, 1383. 
24 Wynne-Jones, J. Chem. Phys., 1934, 2, 381. 





604. Aryl-2-halogenoalkylamines. Part XIX.* Some NN-Di-2- 
chloroethylamino-phenyl- and -phenylalkyl-hydantoins and Related 
Amino-acids. 


By T. A. Connors, W. C. J. Ross, and J. G. WILSON. 


5-(m-Di-2-chloroethylaminophenyl)-, 5-(p-di-2-chloroethylaminopheny])-, 
and 5-(4-di-2’-chloroethylaminobenzyl)hydantoin, their 5-methyl derivatives, 
and also 5-(p-di-2-chloroethylaminophenyl-ethyl- and -propyl)hydantoin 
have been prepared. Several of the hydantoins have been converted into 
the corresponding amino-acids. A new route to the tumour-growth inhibitor 
“‘merphalan ”’ (‘‘ sarcolysin ’’) is described and the preparation of its ortho- 
isomer is reported. 


In continuation of our studies on cytotoxic compounds with latent activity, that is, 
compounds whose action is promoted by a process known to occur im vivo, we have 
examined some NN-di-2-chloroethylamino-derivatives of aryl- and arylalkyl-hydantoins. 
It has been established that hydantoins can be converted into amino-acids in the organism * 


* Part XVIII, J., 1956, 1724. 
! Kozelka and Hine, J. Pharm. Exp. Therap., 1943, 77, 175. 
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and hence the above hydantoins would be precursors of the series of active chloroethyl- 
aminoarylamino-acids.** In a number of cases it has been possible to obtain the amino- 
acids from the hydantoins by hydrolysis with concentrated acid. 

m-Nitrophenylglycine readily yielded the corresponding hydantoin (I; R =H) by 
way of the hydantoic acid, and catalytic reduction then gave the amine which was converted 
into 5-(m-di-2-chloroethylaminophenyl)hydantoin (II; R =H) by methods already 
described in this series. This hydantoin afforded the glycine derivative (IV; R = H) 
when heated at 170° with concentrated hydrochloric acid. 


H-CO (CI-CH,*CH2),N NH-CO 
(Ye | ae ae wt ¢ Sp | NH 
‘CO-NH cr | ‘CO-NMe cR 
O,N saad —=/ CO:NH CO,H 
. (ClkCH,*CH2),N (111) (CI-CH,*CH2),N 
I (II) (IV) 


N-Methylation often reduces the stability of heterocyclic structures and this should 
lead to the more ready release of an amino-acid. Accordingly the hydantoin (II; R = H) 
was converted into the 3-methyl derivative (III; R =H) by treatment with diazo- 
methane, the position of the methyl group being confirmed by the production of the amino- 
acid (IV; R=H) on hydrolysis. 5-p-Di-2-chloroethylaminophenylhydantoin was 
similarly prepared from the hydantoin obtained by the Bucherer-Bergs method from 
p-aminobenzaldehyde. The corresponding amino-acid has already been described.* 

The 5-methylhydantoin derivatives (II and III; R = Me) were of interest for two 
reasons. 5,5-Disubstituted hydantoins have anticonvulsant activity and the incorporation 
of such a structure into an “ aromatic nitrogen mustard ”’ might reduce the toxicity which 
involves, inter alia, induction of convulsions. Secondly, «-methylated amino-acids are 
reported to be concentrated within cancer cells,4 and the hydantoins (II and III; R = Me) 
might therefore be precursors of amino-acids with useful properties. m-Nitroaceto- 
phenone afforded the hydantoin (I; R = Me) which was converted into the di-2-chloro- 
ethylamino-compound (II; R = Me), its N-methyl derivative (III; R = Me), and the 
amino-acid (IV; R= Me) in the usual manner. /-Nitroacetophenone was converted 
into 5-p-di-2-chloroethylaminophenyl-5-methylhydantoin by a similar sequence of 
reactions. 

p-Nitrobenzylidenehydantoin has been prepared by condensing /-nitrobenzaldehyde 
with hydantoin.>* In this reaction it has been found to be important to avoid over- 
heating, otherwise a high-melting polymer is formed. Hydrogenation of the hydantoin 
(V) in presence of palladium-charcoal in dimethylformamide, Raney nickel in alkaline 
ethanolic solution, or Adams platinum catalyst in acetic acid involved only the nitro- 
group, giving 5-4’-aminobenzylidenehydantoin (VI). Complete reduction to the benzyl 
derivative (VII) could only be achieved in low yield, by red phosphorus in concentrated 
hydrochloric acid. The required 5-4’-aminobenzylhydantoin was more conveniently 
prepared by catalytic reduction of the nitrobenzylhydantoin which was readily obtained 
from p-nitrophenylalanine. 

5-(4-Di-2’-hydroxyethylaminobenzyl)hydantoin (VIII; R=H, X = OH) was the 
main product from the reaction of ethylene oxide with the amine (VII) but in one run a 
trihydroxyethyl derivative, probably (IX), was formed. 5-(4-Di-2’-chloroethylamino- 
benzyl)hydantoin (VIII; R =H; X = Cl) and its N-methyl derivative (VIII; R = Me, 
X = Cl) were readily prepared, and acid hydrolysis of these afforded a new route to the 
highly active tumour-growth inhibitor, p-di-2-chloroethylamino-pL-phenylalanine ? (X) 

* Bergel and Stock, J., 1954, 2409. 

% Davis, Roberts, and Ross, J., 1955, 890. 

* Christensen, A Symposium on Amino-acid Metabolism, McCollum-Pratt Institute, pp. 63—106, 
Baltimore, Maryland, 1954. 


> Wheeler and Hofmann, Amer. J. Chem., 1911, 45, 568. 
* Johnson and Brautlecht, J. Biol. Chem., 1912, 12, 175. 








2996 Connors, Ross, and Wilson: 


(“‘ merphalan,” “ sarcolysin’’). An alternative route to this compound, starting with 
condensation of /-di-2-chloroethylaminobenzaldehyde with hydantoin, could not be 
realised. 


NH-CO NH-CO NH-CO 
O,N € Sond | HN CSc | HN ¢ Spcrync | 
CO:NH CO-NH ‘ CO-NH 


(V) (VI) (VII) 
NH-CO INH-CO 
OccHy-cHa), NE _Y-cHy He, | (Ho-cHy cH) NC _Y-cltyHc | 
(VIII) CO-NR (IX) CO-N-CH2*CH2°OH 


n€_\< cH 
Cl-CH,-C H>° 
? aa : ‘CO,H (X) 


Three further 5-di-2-chloroethylaminoarylalkyl-5-methylhydantoins were prepared, 
starting from aminoarylalkyl methyl ketones, namely, the compounds (XI; = 1—%), 
The cyclic analogue (XII) was similarly prepared from 7-aminotetralone and hydrolysed 


oc 
HN. (CO 
Me NH:CO — (CI-CH,*CH2),N 
ccrenycry,N@ _Yfon],-¢ | 
(XI) 


HN. CO,H 


f H 
N 
siiaditen: SS ; Cd, 
(XIII) eo oxy) 


to the amino-acid (XIII). In this series of compounds intensive drying was often necessary 
in order to obtain an anhydrous specimen for analysis and occasionally water was retained 
even after such drying. 

Few ortho-substituted di-2-chloroethylarylamines have been prepared so far because 
of the ready formation of unwanted cyclic intermediates (cf. ref. 7). Two attempts to 
make 5-(0-di-2-chloroethylaminophenyl)hydantoin were unsuccessful. In the _ first, 
o-aminobenzaldehyde was submitted to the Bucherer—Bergs process for making hydantoins 
and the product, which gave good analytical figures for the aminohydantoin, appeared 
to be devoid of amine reactions. By analogy with the formation of compound (XVIII) 
(see below) it was thought that the product might be the hydrate of the tricyclic compound 
(XIV): the tenacious retention of water in this series has already been mentioned. How- 
ever, there were differences in the ultraviolet absorption spectra of the two compounds. 
When warmed with hydrochloric acid the compound was converted into a chlorine-free 
product, m. p. 240°, of lower nitrogen content but with similar light absorption; it is 
probably 5-o-hydroxyphenylhydantoin. An attempt to prepare 5-(o-di-2-hydroxy- 
ethylaminophenyl)hydantoin by the condensation of 5-0-chlorophenylhydantoin with 
diethanolamine was unsuccessful. 

Cyclisation also precluded the use of two possible methods for the synthesis of o-di-2- 
chloroethylaminophenylalanine. Catalytic reduction of diethyl «-acetamido-2-nitro- 
benzylmalonate (XV) gave the lactam (XVI), and that of 5-2’-nitrobenzylhydantoin 
(XVII) gave the tricyclic compound (XVIII). 5-2’-Nitrobenzylhydantoin (XVII) was 
prepared by way of the hydantoic acid which in turn was obtained from the o-nitrophenyl- 
alanine formed by hydrolysis of the diester (XV). The product obtained by Bucherer 
and Lieb® by nitration of 5-benzylhydantoin must have been relatively impure. The 


7 Everett, Roberts, and Ross, J., 1953, 2386. 
* Bucherer and Lieb, J. prakt. Chem., 1934, 141, 5. 
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absorption spectrum of the reduction product from (XVII) (maxima at 280, 324, and 
332 my) is consistent with its formulation as (XVIII) since it has a much higher extinction 
coefficient than would be expected for a benzylhydantoin. The formation of a dehydro- 
derivative of (XVIII) by reduction of 5-2’-nitrobenzylidenehydantoin with hydriodic acid 
and red phosphorus has been described by Kozak and Musial.® 


_NHA 
a {ICO.E:), OE “Eadie Gm fe | c iu 
N NO 
2 N* “N70 
(XV) (XVI) (XVII) (XVII) H 


It was realised that the generation of an amino-group in a structure capable of 
cyclisation had to be avoided if the required o-compound was to be prepared. This 
could be achieved by the reaction sequence outlined below. It was originally intended 
to prepare the trichloro-compound (XIX) and to hydrolyse this in aqueous acetone to give 
the chloro-diol (XX), it being known ” that o-substituted NN-di-2-chloroethylamines are 


CH2*OH a CH,CI CHCl 
> ee 
NH, N(CH2°CH,Cl), N(CH2*CH,-OH), 


| (XIX) (XX) 
NH, NHAc NHAc 
CH2*CH:CO,H CH,°C(CO,Et), CH2°C(CO,Et), 
<— <— 
N(CH2°CH,Cl), N(CH2-CH2Cl), N(CH2*CH2°OH), 
(XXII) (XXII) (XXI1) 


1, Ethylene oxide; 2, phosphoryl chloride. 


hydrolysed very readily under these conditions, whereas a benzyl chloride would not be 
reactive. Compound (XX) should yield the esters (X XI) and (XXII) in the usual manner. 
Since the chlorine atoms in the chloroethylamino-group in (XIX) would only be reactive 
under ionising conditions it was thought possible that, if one equivalent of the sodio- 
derivative was allowed to react with it in anhydrous ethanol, then the ester (XXII) might 
be formed directly. This reaction was successfully carried out. The evidence for 
exclusive reaction of the chloromethyl group is afforded by the behaviour of the derived 
amino-acid on paper chromatograms [the Ry values are similar to those of the m- and 
p-isomers of structure (XXIII)], and the fact that apart from unchanged material only 
one other product, namely (XXII), was detected in the reaction mixture. Acid-hydrolysis 
of the diester (XXII) yielded the required phenylalanine derivative (XXIII) in high yield. 
Activity in the series of halogenoalkylamines was shown earlier ™ to depend on the 
presence of two alkylating groups in the molecule: all subsequent work with derivatives 
of aromatic amines has confirmed this. As a further test of this point we prepared mono- 
functional analogues of the two highly active ‘‘ nitrogen mustards,” y-(p-N N-di-2-chloro- 
ethylaminophenyl)butyric acid (Chlorambucil) and (NN-di-2-chloroethylaminophenyl)- 
ethylamine. The N-2-chloroethyl-N-ethyl compounds were prepared from the corre- 
sponding amines, monoethylation being achieved by using Raney nickel and ethanol !” 
and the chloroethyl group being subsequently introduced by established methods. 
Biological Results.—Preliminary tests indicate that the majority of the 5-di-2’-chloro- 
ethylaminohydantoins and derived amino-acids now described are active inhibitors of the 
* Kozak and Musial, Bull. intern. Acad. polon., 1930A, 432. 
” Ross, J., 1949, 183. 


a Haddow, Kon, and Ross, Nature, 1948, 162, 824. 
#2 Rice and Kohn, J. Amer. Chem. Soc., 1955, 77, 4052; Ainsworth, ibid., 1956, 78, 1635. 
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growth of the transplanted Walker rat carcinoma. Compounds (II and IV; R = H) are 
especially active; a single dose of 3 mg. per rat of either completely inhibits tumour- 
growth. 5- or 3-Methylation of the hydantoins greatly reduces activity and this is not 
due to any marked effect on the chemical reactivity of the chlorine atoms. The hydantoin 
(XII) and the corresponding amino-acid (XIII) are also highly active, the former having 
a pronounced effect on the growth of the more resistant Crocker sarcoma in mice. 


reed ree 
(XXIV) 


The special interest in di-2-chloroethylamino-derivatives of phenylalanine has been 
discussed in recent publications,!* particularly with regard to the preparation of a com- 
pound in which the fara-position is free for hydroxylation im vivo. Even in the meta- 
substituted derivative described in these publications hydroxylation in the para-position 
may be hindered by the presence of the bulky and flexible chloroethylamino-group. For 
this reason the less hindered o0-di-2-chloroethylaminophenylalanine was prepared for test. 
The amino-acid (XXIII) caused complete inhibition of the growth of the Walker tumour 
at a dose of 0-1 mg. per rat, being more effective than either the m- or the p-isomer. 

The monofunctional alkylating agent y-(p-N-2-chloroethyl-N-ethylaminopheny))- 
butyric acid, whilst at least as toxic as the difunctional analogue, Chlorambucil, had no 
effect on tumour growth. This supports the view that the action of carcinostatic agents 
is not merely one of general toxicity. An earlier example of this was afforded by com- 
pounds of structure (XXIV; R= Et, R’ = CH,°CH,Cl; and R = R’ = CH,°CH,(C)), 
where the monofunctional compound was at least five times as toxic as the difunctional 
derivative but only the latter inhibited tumour-growth. Another example, in the phenyl- 
alanine series, is given by Bergel and Stock." 


EXPERIMENTAL 


M. p.s are corrected. Chromatograms were run on Whatman No. | paper in solvent 4, 
butan-l-ol-ethanol—water—propionic acid (10:5:5:2), or B, water-saturated butanol. 
Absorption spectra were determined for ethanolic solutions. 

5-m-Nitrophenylhydantoin.—m-Nitrophenylglycine 1} (4-05 g.) was dissolved in the minimum 
amount of boiling water and after the addition of potassium cyanate (2 g.) heated on a steam- 
bath for 30 min. Adding hydrochloric acid to the cooled solution precipitated the hydantoic 
acid, m. p. 186—188°. When this was heated at 100° in 20% aqueous hydrochloric acid for 
30 min. the m-nitrophenylhydantoin (1-67 g.) was obtained. It formed yellow prisms, m. p. 220°, 
from water (Found: C, 48-8; H, 3-3; N, 18-8. C,H,N,O, requires C, 48-9; H, 3-2; N, 19-0%). 

5-m-A minophenylhydantoin.—A solution of m-nitrophenylhydantoin (11-5 g.) in dimethyl- 
formamide (200 ml.) containing 5% palladium-—charcoal (750 mg.) was shaken in hydrogen. 
When 3 mols. of hydrogen had been taken up the solution was filtered and evaporated under 
reduced pressure. After treatment with charcoal a hot aqueous solution of the residue deposited 
the aminophenylhydantoin as yellow prisms, m. p. 165—166° (Found: C, 55-4; H, 5-4; N, 
21-3. Calc. for CJH,N,O,: C, 56-5; H, 4:8; N, 22-0. C,H,N,O,,}H,O requires C, 55-4; 
H, 4:9; N, 215%). It gave an acetyl derivative, prisms, m. p. 224—226° (from water, ethanol, 
or methanol) (Found: C, 56-7; H, 4:9; N, 18-1. C,,H,,N,O, requires C, 56-7; H, 4-8; 
N, 18-0%). 

5-(m- Di-2-hydroxyethylaminophenyl)hydantoin.—m -Aminophenylhydantoin (10-7 _ g.), 
ethylene oxide (28 ml.), acetic acid (3-4 ml.), and water (50 ml.) were stirred at room temperature 
for 18 hr. The resulting suspension was evaporated under reduced pressure and the residual 
solid recrystallised from water, giving a granular solid (9 g.), m. p. 90°, which rose to 129—130° 


13 Osdene, Ward, Chapman, and Rakoff, J. Amer. Chem. Soc., 1959, 81, 3100; Gram, Mosher, and 
Baker, ibid., p. 3103. 

1 Bergel and Stock, J., 1959, 90. 

1 Pléchl and Loé, Ber., 1885, 18, 1179. 
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after drying on a porous tile. Analysis indicated that the product was 5-(m-di-2-hydroxyethyl- 
aminophenyl)hydantoin hemihydrate (Found: C, 53-7; H, 61; N, 14:6. C,3;H,,NsO,,$H,O 
requires C, 54:1; H, 6-3; N, 148%). 

5-(m-Di-2-chloroethylaminophenyl)hydantoin.—Vacuum-dried m-dihydroxyethylaminophenyl- 
hydantoin (13-2 g.) was dusted into phosphoryl chloride (100 ml.), and the mixture was stirred 
at 60°. Within 2 hr. a gum had been formed but after 7 hr. dissolution was complete. Next 
day the phosphoryl chloride was removed at 60°/30 mm.; dry benzene was then added and 
similarly removed. The residual brown gum was dissolved in concentrated hydrochloric acid 
(100 ml.), and the solution was evaporated at 60°/10 mm. An acetone solution of the residue 
was shaken with anhydrous sodium sulphate and then passed through a column of activated 
alumina containing charcoal. Addition of light petroleum (b. p. 40—60°) to the early eluates 
gave 5-(m-di-2-chloroethylaminophenyl) hydantoin as plates, m. p. 168° (Found: C, 49-5; H, 4-9; 
N, 13:3. C,,3H,,;Cl,N,O, requires C, 49-4; H, 4-8; N, 13-3%). The extent of hydrolysis under 
the standard conditions described in Part I # was 10-3%. 

a-(m-Di-2-chloroethylaminophenyl)glycine.—The above hydantoin (3-3 g.) and concentrated 
hydrochloric acid (30 ml.) were heated in a sealed tube at 160—170° for 2hr. When the solution 
was warmed on a steam-bath in a stream of air solid began to separate; at this point the 
addition of an excess of saturated aqueous sodium acetate caused the formation of a light buff pre- 
cipitate which was collected and dried on a porous tile. When ether was added to a methanolic 
extract of this solid the amino-acid (1-1 g.) was obtained as plates, m. p. 179° (Found: C, 49-5; 
H, 5:7; N, 9-6. C,.H,,Cl,N,O, requires C, 49-5; H, 5-5; N, 9-6%). 

3-Methyl-5-(m-di-2-chloroethylaminophenyl)hydantoin.—A suspension of the hydantoin 
(500 mg.) in ether (80 ml.) containing an excess of diazomethane (prepared from 2 g. of nitroso- 
methylurea) was stirred for 16 hr. No obvious reaction occurred and so acetone (20 ml.) was 
added and a clear solution was soon formed. Next day glacial acetic acid was added to destroy 
the excess of diazomethane, and the solvents were removed under reduced pressure. The 
N-methyl derivative was obtained as an amorphous powder, m. p. 142—144°, when light petroleum 
(b. p. 40—60°) was added to an acetone solution (Found: C, 51:0; H, 5-5; N, 12:8. 
C,H,,Cl,N,O, requires C, 50-9; H, 5-2; N, 12-7%). The extent of hydrolysis under standard 
conditions was 10-:9%. 

5-p-A minophenylhydantoin.—p-Aminobenzaldehyde '* (72 g.), sodium cyanide (60 g.), and 
ammonium carbonate (450 g.) in 1: 1 (v/v) aqueous ethanol (1800 ml.) were stirred at 55—60° 
for 10 hr. The crystals that began to separate during the reaction were filtered off from the 
cooled solution and washed with water. Concentration of the filtrate afforded a further 
quantity of product (total, 75 g.; m. p. 225—235°). On crystallisation from aqueous dimethyl- 
formamide the hydantoin (60 g.) formed pale yellow plates, m. p. 240—244° (decomp.). 
Repeated crystallisation from water (charcoal) gave colourless plates, m. p. 243—245° (decomp. 
with pre-sintering) (Found: C, 56-6; H, 4:6; N, 21-8. C,H,N,O, requires C, 56-5; H, 4-8; 
N, 22:0%). The acetyl derivative formed plates, m. p. 303—305° (decomp.), from water (Found: 
C, 57-0; H, 4:9. C,,H,,N,;O, requires C, 56-7; H, 4:8%). 

5-(p-Di-2-hydroxyethylaminophenyl)hydantoin.—Ethylene oxide (40 ml.) was added to a 
suspension of 5-p-aminophenylhydantoin (10 g.) in 1: 1 aqueous acetic acid (100 ml.), and the 
mixture was stirred at room temperature for 16 hr. The solution was then concentrated and 
evaporated several times after the addition of benzene and ethanol, giving a thick syrup which 
eventually solidified (yield, 11-5 g.). Crystallisation from water gave the dihydroxyethyl 
derivative as plates, m. p. 229—231° (Found: C, 52-6; H, 6-0; N, 14:5. C,,;H,,N,0,,H,O 
requires C, 52-5; H, 6-4; N, 14:1%). 

5-(p-Di-2-chloroethylaminophenyl)hydantoin.—The dihydroxyethyl compound (4:5 g.) was 
stirred with phosphoryl chloride (30 ml.) at 60° for 16 hr., giving a clear reddish-brown solution. 
After evaporation under reduced pressure concentrated hydrochloric acid (10 ml.) was cautiously 
added. When this solution was poured into concentrated aqueous sodium acetate a grey-green 
solid separated. This was purified by passing an acetone solution through a column of activated 
alumina which had a layer of charcoal on top. Continued elution with acetone gave 5-(p-di-2- 
chloroethylaminophenyl)hydantoin,,m. p. 155—156° [from acetone-light petroleum (b. p. 60— 
80°)] (Found: C, 49-2; H, 4-8; N, 13-0. C,,H,,;Cl,N,O, requires C, 49-4; H, 4-8; N, 133%). 

5-Methyl-5-m-nitrophenylhydantoin.—m-Nitroacetophenone (20 g.), ammonium chloride 
(25 g.), ammonium carbonate (40 g.), sodium cyanide (25 g.), methanol (200 ml.), and water 


%* Beard, Hodgson, and Davies, J., 1944, 4. 
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(150 ml.) were heated in a pressure bottle at 60—70° for 26 hr. The suspension was then 
concentrated and acidified to Congo Red with hydrochloric acid. A brown solid (25-3 g), 
m. p. 185—193°, was obtained. An ethanolic extract of the solid was evaporated and a solution 
of the product in acetone was passed through activated alumina. The eluates contained 
5-methyl-5-m-nitrophenylhydantoin, pale yellow prisms, m. p. 195—196° (from water) (Found, 
for a specimen dried at 120°/0-001 mm.: N, 17-8. C,jH,N,O, requires N, 17-9%). 

5-m-A minophenyl-5-methylhydantoin.—5-Methyl-5-m-nitrophenylhydantoin (5 g.) in 
methanol (75 ml.) containing 5% palladium-charcoal (200 mg.) was shaken in hydrogen. The 
filtered solution was evaporated, giving a light yellow oil which solidified in contact with water. 
The amine formed pale yellow needles (3-6 g.), m. p. 77°, from water (Found, for a specimen 
dried at 40°/3 mm.: C, 53-9; H, 6-1; N, 18-5. C, 9H,,N,0,,H,O requires C, 53-8; H, 5-9; 
N, 18-8%). The acetyl derivative, obtained by the action of acetic anhydride on an aqueous 
solution, formed yellow cubes, m. p. 247—248°, from water (Found: C, 58-3; H, 5-5; N, 16-7, 
C,.H,,;N,0, requires C, 58-3; H, 5-3; N, 17-0%). 

5-(m-Di-2-hydroxyethylaminophenyl)-5-methylhydantoin.—The aminophenylhydantoin (6-95 
g.), ethylene oxide (27-3 ml.), acetic acid (3-4 ml.), and water (50 ml.) were stirred at room 
temperature for 22 hr. Evaporation under reduced pressure gave a brown oil which redissolved 
in water to give a yellow solution. After treatment of this solution with charcoal, filtration, 
and concentration 5-(m-di-2-hydroxyethylaminophenyl)-5-methylhydantoin (3-8 g.) was obtained 
as prisms, m. p. 144—145° (Found, for a specimen dried at 135°/0-001 mm.: C, 57-7; H, 67; 
N, 14:1. C,H ,gN,O, requires C, 57-3; H, 6-5; N, 143%). 

5-(m-Di-2-chloroethylaminophenyl)-5-methylhydantoin.— Dried di-(2-hydroxyethyl)amino- 
phenylhydantoin (12-56 g.) was added slowly to phosphoryl] chloride (120 ml.), and the mixture 
was stirred for 2 hr. at 55°. Next day the phosphoryl chloride was removed under reduced 
pressure and the residue heated with hydrochloric acid. The solid which separated on addition 
of water to the concentrated acid solution was rapidly extracted with ether and after addition 
of solid sodium acetate to the aqueous layer this was again extracted. The combined ethereal 
extracts were dried (Na,SO,) and concentrated. When pentane was added until a faint 
turbidity formed and the solution was kept at 0°, needles (7-7 g.) of 5-(m-di-2-chloroethylamino- 
phenyl)-5-methylhydantoin, m. p. 176—177°, separated (Found: C, 50-6; H, 5-1; N, 12-9. 
C,,H,,Cl,N,O, requires C, 50-9; H, 5-2; N, 12-7%). The extent of hydrolysis under standard 
conditions was 13-4%. 

5-(m-Di-2-chloroethylaminophenyl)-3,5-dimethylhyvdantoin.—This was prepared by the action 
of ethereal diazomethane on the 5-monomethyl compound as described above, except that it 
was not necessary to add acetone. The dimethyl derivative formed needles, m. p. 154—155°, 
from acetone—pentane (Found: C, 51-9; H, 5-1; N, 11-8. C,;H,Cl,N,O, requires C, 52:3; 
H, 5-6; N, 12-2%). The extent of hydrolysis under standard conditions was 10-2%. 

a-(m-Di-2-chloroethylaminophenyl)alanine.—5-(m- Di-2-chloroethylaminopheny)]) - 5-methyl- 
hydantoin (3-4 g.) in concentrated hydrochloric acid (30 ml.) was heated in a sealed tube at 
160—170° for 2 hr. Adding saturated sodium acetate to the concentrated and ice-cooled 
solution precipitated a solid; this was collected and dried on porous tile. The amino-acid was 
sparingly soluble in methanol, ethanol, acetone and ether but dissolved in hot acetic acid. It 
crystallised as prisms, m. p. 225° (gassing), Rp 0-80 in solvent A, when aqueous sodium acetate 
was added to a solution in dilute hydrochloric acid (Found, for a specimen dried at 100°/0-1 mm. 
for 4 hr.: C, 51-0; H, 5-7; N, 9-2. C,,H,,Cl,N,O, requires C, 51-1; H, 5-9; N, 9-2%). 

5-Methyl-5-p-nitrophenylhydantoin.—p-Nitroacetophenone (33 g., 0-2 mole), sodium cyanide 
(20 g., 0-5 mole), and ammonium carbonate (145 g., 1-5 mole) in 1:1 (v/v) aqueous ethanol 
(600 ml.) were stirred at 55—60° for 8 hr. Crystalline hydantoin (32 g.), m. p. 225—-227°, was 
filtered off and washed with water; a second crop (11 g.), m. p. 224—228°, was obtained on 
concentrating the mother-liquors to half bulk. 5-Methyl-5-p-nitrophenylhydantoin formed pale 
yellow prisms, m. p. 227—229°, from ethanol (Found: C, 50-8; H, 4:2; N, 17-7. C,jH,N,0, 
requires C, 51-1; H, 3-9; N, 17-9%). 

5-p-A minophenyl-5-methylhydantoin.—The nitrophenylhydantoin (23 g.) in dimethyl- 
formamide (150 ml.) was hydrogenated over 5% palladium-charcoal (2 g.). The uptake of 
hydrogen was slow, slightly more (6-8 1.) than the theoretical volume being absorbed in 8 hr. 
Evaporation of the filtered solution under reduced pressure gave a red oil which slowly solidified 
(13-8 g., 74%). Crystallisation from water (charcoal) gave the aminophenylhydantoin as prisms, 
m. p. 182—184° (Found: C, 58-6; H, 5-8; N, 20-0. C,)9H,,N,O, requires C, 58-5; H, 5-4, 
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N, 20:5%). This hydantoin, which was also obtained, in 51% yield, directly from p-amino- 
acetophenone, formed an acety/ derivative, plates, m. p. 261—263° (from aqueous methanol) 
(Found: C, 58-8; H, 5-6; N, 17-2. C,,H,,3N,0, requires C, 58-3; H, 5-3; N, 17-0%). 

§-(p-Di-2-hydroxyethylaminophenyl)-5-methylhydantoin.—Ethylene oxide (15 ml.) was added 
to a solution of the aminophenylhydantoin (10 g.) in 1: 1 (v/v) aqueous acetic acid (150 ml.), 
and the mixture was stirred at room temperature for 18 hr. The gum obtained after removal 
of the solvents under reduced pressure slowly solidified and recrystallised from water as a 
hydrate which lost solvent on drying (yield of dried product, 12 g.; m. p. 155—160°). The 
anhydrous form separated from acetone in rosettes, m. p. 161° (Found: C, 57-3; H, 6-3; N, 14-2. 
CyHypN3On requires C, 57-3; H, 6-5; N, 14:3%). 

5-(p-Di-2-chloroethylaminophenyl)-5-methylhydantoin.—The hydroxyethyl compound (5 g.) 
was stirred with phosphoryl chloride (40 ml.) at 60° until dissolution was complete (2}$ hr.). 
Next day the excess of phosphoryl chloride was removed under reduced pressure and the 
residue was heated with concentrated hydrochloric acid (20 ml.). When this solution was 
poured into saturated aqueous sodium acetate a green amorphous solid (4-9 g.) separated. This 
was purified by passage in acetone through activated alumina containing charcoal. Elution of 
the column with fresh acetone afforded the aminophenyl-5-methylhydantoin (3-3 g.) which formed 
prisms, m. p. 218—219°, from acetone (Found: C, 50-9; H, 5-4; N, 12-9. C,,4H,;Cl,N,O, requires 
C, 50-9; H, 5-2; N, 12-7%). The rate of hydrolysis under standard conditions was 6-5%. 

Condensation of p-Nitrobenzaldehyde with Hydantoin.—Hydantoin (4 g.), p-nitrobenzaldehyde 
(6 g.), and fused sodium acetate (6 g.) in glacial acetic acid (10 ml.) were heated over a free flame. 
In a short time the mass became solid and the product was collected and then washed with 
methanol and water. Crystallisation from acetic acid or water gave orange plates, m. p. >300°. 
This solid appears to be a polymer derived from the nitrobenzylidenehydantoin [Found: C, 
51:3; H, 3-5; N, 17-5. (CygH,N,O,), requires C, 51-5; H, 3-0; N, 18-0%] since material of 
m. p. 254° (Wheeler and Hofmann® and Johnson and Brautlecht® gave m. p. 254°) was 
eventually obtained when the above mixture was heated at 100° in a glycerol bath until a clear 
solution was obtained and then the temperature was raised to 160°; the nitrobenzylidene- 
hydantoin soon separated. It was collected and washed with methanol for use in the next stage. 

Reduction of 5-4’-Nitrobenzylidenehydanioin.—(a) A solution of 4-nitrobenzylidenehydantoin 
(5 g.) in dimethylformamide (50 ml.) containing 5% palladium-charcoal (400 mg.) was shaken 
inhydrogen. The product, when crystallised from aqueous ethanol, gave 5-4’-aminobenzylidene- 
hydantoin monohydrate as plates, m. p. 192—194° (Found: C, 54:8; H, 5-1. C,gH,N,;O0,,H,O 
requires C, 54:3; H, 50%). The aminobenzylidene compound was also obtained by using 
Adams platinum catalyst in acetic acid or Raney nickel catalyst in alkaline ethanolic solution. 

(b) 5-4’-Nitrobenzylidenehydantoin (2 g.), red phosphorus (400 mg.), and concentrated 
hydrochloric acid (15 ml.; d 1-7) were heated under reflux for 2 hr. After concentration under 
reduced pressure and passage of sulphur dioxide the solution was neutralised with sodium 
hydroxide and evaporated to dryness. An ethanolic extract of the residue was treated with 
charcoal and evaporated. The residue, when crystallised from water, yielded 5-4’-amino- 
benzylhydantoin, prisms, m. p. 167°. 

Alternative Preparation of 5-4’-Aminobenzylhydantoin.—p-Nitrophenylalanine ™ (12-7 g.) 
was dissolved in the minimum amount of boiling water, and potassium cyanate (5-2 g.) was 
added. After 30 minutes’ heating on a steam-bath the mixture was neutralised with concen- 
trated hydrochloric acid. A solution of the precipitated hydantoic acid (12 g.; m. p. 193— 
195°) in 20% aqueous hydrochloric acid (120 ml.) was heated on a steam-bath, 5-4’-nitrobenzyl- 
hydantoin soon crystallising [10-5 g.; m. p. 255° (slow heating), 240—244° (rapid heating) 
(Bucherer and Lieb® give m. p. 240—245°)]. Hydrogenation of the nitrobenzylhydantoin 
(5-35 g.) in dimethylformamide (100 ml.) over 5% palladium-—charcoal (200 mg.) gave a small 
amount of a sparingly soluble green solid of high m. p. but the main product obtained by 
crystallising the material from water (charcoal) was 5-4’-aminobenzylhydantoin, m. p. 166— 
168°, identical with the compound described above (Found: for an air-dry specimen: C, 57-3; 
H, 5-4; N, 19-7; for a specimen dried at 100°/2 mm.: C, 58-6; H, 5-4; N, 20-5. Calc. for 
CoH, ,N,0,: C, 58-5; H, 5-4; N,20-5%). Johnson and Brautlecht * give m. p. 145° and describe 
a hydrochloride, m. p. 255—-257° (decomp.); our material gives a hydrochloride, m. p. 260— 
265° (decomp.) and an acetyl derivative, m. p. 254°, plates from water (Found: C, 58-0; H, 5-2; 
N, 16-8. C,,H,,N,O, requires C, 58-3; H, 5-3; N, 17-0%). 

” Erlenmeyer and Lipp, Annalen, 1883, 219, 213. 
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5-(4-Di-2’-hydroxyethylaminobenzyl) hydantoin.—5-4’-Aminobenzylhydantoin (5 g.), ethylene 
oxide (10 ml.), and N-acetic acid (25 ml.) were stirred at room temperature for 16 hr. The 
mixture was then evaporated to dryness under reduced pressure and the residue was extracted 
with a large volume of hot acetone. On concentration, the acetone extract gave 5-(4-di-2’- 
hydroxyethylaminobenzyl)hydantoin (3-8 g.) as plates, m. p. 162—164° depressed to 140° by 
admixture with the aminobenzylhydantoin of m. p. 166° (Found, for a specimen dried at 
100°/0-5 mm. for 6 hr.: C, 57-7; H, 6-8; N, 14:3. C,gH,)9N,O, requires C, 57-3; H, 6-5; N, 
14:3%). In one run an acetone-insoluble residue was obtained which gave prisms, m. p. 187— 
189°, from aqueous acetone. This was apparently a tri-2-hydroxyethyl derivative (Found: 
C, 56-8; H, 7-0; N, 12-4. C,,H,,;N,O, requires C, 56-9; H, 6-9; N, 12-5%). 

5-(4-Di-2’-chloroethylaminobenzyl)hydantoin.—The dihydroxyethylamino-derivative (3 g) 
was added slowly to vigorously stirred phosphoryl] chloride (30 ml.), and the mixture was kept 
at 50—60° for 2 hr. After removal of the excess of phosphoryl chloride at 60° under reduced 
pressure the purple gum which remained was dissolved in concentrated hvdrochloric acid 
(30 ml.). This solution was concentrated to half-bulk at 60° and then covered with ether. An 
excess of aqueous sodium acetate was then added to the vigorously stirred mixture. The 
aqueous layer was extracted with more ether, and the combined extracts were washed with 
saturated sodium hydrogen carbonate solution, dried (Na,SO,), and evaporated. A solution of 
the brown solid (2-2 g.) in dry acetone was passed through activated alumina containing charcoal 
which was then washed with fresh acetone. The eluates contained a white solid (1-2 g.) which 
could be purified by precipitation from acetone by pentane. 5-(4-Di-2’-chloroethylaminobenzyl)- 
hydantoin was obtained as an amorphous powder, m. p. 173—174° depressed to 142° by 
admixture with the hydroxyethylamino-compound of m. p. 164° (Found: C, 51-0; H, 5:2; 
N, 12-4. C,gH,,Cl,N,O, requires C, 50-9; H, 5-2; N, 12-7%). The extent of hydrolysis under 
standard conditions was 20-5%. 

The N-methyl derivative, formed in the usual manner by ethereal diazomethane, was obtained 
as plates, m. p. 199—203°, from acetone—pentane (Found: C, 52-1; H, 5-9; N, 12-2. 
Cy5Hy,Cl,N,O, requires C, 52-3; H, 5-6; N, 12-2%). The extent of hydrolysis under standard 
conditions was 14-8%. 

Hydrolysis of 5-(4-Di-2’-chloroethylaminobenzyl)hydantoin.—A solution of the hydantoin 
(500 mg.) in concentrated hydrochloric acid (5 ml.) was heated in a sealed tube at 160—170° 
for 2 hr. and then evaporated under reduced pressure. The residue was dissolved in ethanol 
saturated with dry hydrogen chloride and next day the solvent was removed. The product 
formed prisms, m. p. 160°, from chloroform-ethanol. This m. p. was not depressed by 
admixture with the authentic hydrochloride of the ethyl ester of p-di-2-chloroethylamino-pL- 
phenylalanine,'* m. p. 159°, kindly supplied by Dr. J. A. Stock. 

5-Methyl-5-4’-nitrobenzylhydantoin.—The enol acetate of 4-nitrobenzylacetone was prepared 
by Smith’s method ?* and hydrolysed by refluxing for 1 hr. in concentrated hydrochloric acid 
(1 vol.) and ethanol (10 vol.), giving the ketone, m. p. 59—61° (Overberger and Biletch *° record 
m. p. 62—63°). 4-Nitrobenzylacetone (36 g.), sodium cyanide (20 g.), and ammonium carbonate 
(150 g.) in 50% aqueous ethanol (600 ml.) were stirred at 55—60° for 10 hr. The filtered 
solution was then concentrated under reduced pressure and the crude brown hydantoin (46 g.) 
was collected by filtration. Crystallisation from ethyl acetate and then from aqueous acetone 
gave pale yellow needles of 5-methyl-5-4’-nitrobenzylhydantoin (25-8 g.), m. p. 217—219° with 
presintering (Found: C, 53-2; H, 4:2; N, 17-0. (C,,H,,N,;O, requires C, 53-0; H, 4:5; 
N, 16-9%). 

5-4’-A minobenzyl-5-methylhydantoin.—The nitrobenzylhydantoin (27-5 g.) in dimethyl- 
formamide (150 ml.) was hydrogenated over 5% palladium—charcoal (3 g.); the theoretical 
volume of gas (7-5 1.) was taken up during 1} hr. The syrup (17-4 g.) obtained by evaporating 
the filtered solution solidified in contact with ethyl acetate and on crystallisation from this 
solvent 5-4’-aminobenzyl-5-methylhydantoin formed rosettes, m. p. 187—189° (Found: C, 60-1; 
H, 5-9; N, 19-3. C,,H,,N,O0, requires C, 60-3; H, 6-0; N, 19-2%). It afforded an acetyl 
derivative, plates, m. p. 300° (decomp.) with sintering at 280°, from ethanol (Found: C, 59-8; 
H, 5-8; N, 15-6. C,,;H,;N,O, requires C, 59-8; H, 5-8; N, 16-1%). 





‘8 Vodolazskaja, Novikova, Shkodinskaja, Berlin, and Larionov, Oncologia, 1957, 44 (No. 11), 76; 
J. A. Stock, personal communication. 

19 Smith, J. Amer. Chem. Soc., 1953, 75, 1134. 

20 Overberger and Biletch, J. Amer. Chem. Soc., 1951, 78, 4880. 
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5-(4-Di-2’-chloroethylaminobenzyl)-5-methylhydantoin.—The aminobenzylhydantoin (5-6 g.), 
ethylene oxide (12-7 ml.), acetic acid (1-2 ml.), and water (18-8 ml.) were stirred at rogm tem- 
perature overnight and then evaporated to dryness, giving a gum (8 g.). This material (5-1 g.) 
was stirred at 25° in phosphoryl chloride (50 ml.). After 16 hr. solution was complete and the 
excess of reagent was removed at 80° under reduced pressure. Dry benzene was added and 
removed in vacuum and the product was heated for } hr. with concentrated hydrochloric acid 
(20 ml.). The concentrated solution was covered with ether and diluted with water with 
vigorous stirring. Addition of light petroleum (b. p. 40—60°) to the dried ether solution gave 
the monohydrate of 5-(4-di-2’-chloroethylaminobenzy]l)-5-methylhydantoin as needles, m. p. 
95—97° (2 g.) (Found: C, 49-9; H, 5-8; N, 11-8; Cl, 19-6. C,;H,,Cl,N,O,,H,O requires 
C, 49-7; H, 5-8; N, 11-6; Cl, 196%). The extent of hydrolysis under standard conditions 
was 19%. 

5-4’-Aminophenethyl-5-methylhydantoin.—A 1% solution of sodium hydroxide (52-5 ml.) was 
added dropwise to a stirred mixture of p-nitrobenzaldehyde (63 g.) and acetone (550 ml.) kept 
at —5°. The mixture was kept at room temperature for 4 hr. and then neutralised with 2Nn- 
hydrochloric acid. The dark oil obtained when the acetone was removed under reduced pressure 
slowly solidified and after being washed with water and dried it crystallised from ether as pale 
yellow prisms (40 g.), m. p. 58—60° (Combes e¢ a/.*1 give m. p. 60—61°). The ketol (50 g.) was 
dehydrated in acetic anhydride (200 ml.) on a steam-bath (1} hr.). On dilution with water 
(250 ml.) 4-nitrobenzylideneacetone separated; it formed yellow needles (42 g.), m. p. 105— 
108°, from ethanol. The nitro-compound (26-5 g.) in ethyl acetate (200 ml.) was hydrogenated 
over 5% palladium charcoal (1-5 g.), 3 mols. of hydrogen (12-0 1.) being taken up during 2 hr. 
4-Aminophenethyl methyl ketone was obtained as an orange-yellow oil (22-5 g.) which. was 
characterised as its N-benzoyl derivative, plates, m. p. 131° (from aqueous methanol) (Found: 
C, 765; H, 6-7; N, 5-2. (C,,H,,NO, requires C, 76-4; H, 6-4; N, 5-2%). The oily amino- 
ketone (22 g.), sodium cyanide (13 g.), and ammonium carbonate (90 g.) in 50% aqueous ethanol 
(400 ml.) were heated at 55—60° for 8 hr. 5-4’-Aminophenethyl-5-methylhydantoin (19 g.), 
isolated in the usual manner, formed needles, m. p. 208—209°, from methanol (Found: C, 61-4; 
H, 6:7; N, 18-0. C,,H,;N,O, requires C, 61-8; H, 6-5; N, 18:3%). The acetyl derivative was 
obtained as plates, m. p. 244—246°, from aqueous methanol (Found: C, 60-9; H, 6-5; N, 15-3. 
C,4H,,N,;O, requires C, 61-1; H, 6-2; N, 15°3%). 

5-(4-Di-2’-hydroxyethylaminophenethyl)-5-methylhydantoin.—The above amine (25 g.) and 
ethylene oxide (50 ml.) in 50% (v/v) aqueous acetic acid (300 ml.) were stirred at 20° for 16 hr. 
The residue obtained after removal of the solvent under reduced pressure crystallised on the 
addition of light petroleum (b. p. 40—60°) to an acetone solution. Colourless needles (19-1 g.), 
m. p. 135—136°, of the bishydroxyethyl derivative were thus obtained (Found: C, 60-0; H, 7-1; 
N, 12-6. C,,H,,;N,O, requires C, 59-8; H, 7-2; N, 131%). 

5-(4’-Di-2-chloroethylaminophenethyl)-5-methylhydantoin.—A suspension of the dihydroxy- 
ethyl compound (10 g.) in phosphoryl chloride (80 ml.) was stirred at 55—60° for 1 hr. and then 
at room temperature for a further 16 hr. After removal of the excess of reagent under reduced 
pressure the product was warmed for 1 hr. with concentrated hydrochloric acid (15 ml.), then 
poured into cold saturated aqueous sodium acetate (400 ml.). The gum which separated was 
extracted with ether, washed with aqueous sodium hydrogen carbonate, and dried (MgSO,). 
This extract contained 5-(4-di-2’-chloroethylaminophenethyl)-5-methylhydantoin (7-6 g.) which 
formed needles, m. p. 142—143°, from acetone-light petroleum (b. p. 40—60°) (Found: C, 53-9; 
H, 6-1; N, 11-9. C,,H,,Cl,N,O, requires C, 53-7; H, 5-9; N, 11-7%). The rate of hydrolysis 
under standard conditions was 24%. 

5-Methyl-5-(3-p-nitrophenylpropyl)hydantoin.—Methyl  3-p-nitrophenylpropyl ketone ** 
(52 g.), sodium cyanide (30 g.), and ammonium carbonate (250 g.) in 1: 1 aqueous ethanol 
(1 1.) were stirred at 55—60° for 10 hr. On cooling, the hydantoin (56 g.) separated; it was 
purified by extracting its solution in 2N-sodium hydroxide with ether and precipitating the 
product with 2n-hydrochloric acid. Recrystallisation from glacial acetic acid gave prisms, 
m. p. 135—140° (26-5 g.) (Found: C, 56-0; H, 5-5. (C,,;H,,N,O, requires C, 56-3; H, 5-5%). 

5-(3-A minophenylpropyl)-5-methylhydantoin.—The nitro-compound (26:5 g.) in ethyl 
acetate (600 ml.) was reduced over 5% palladium-charcoal (2-5 g.); uptake of hydrogen was 
complete in } hr. Evaporation of the filtered solution afforded prisms, m. p. 146—147°, of the 


' Combes, Hebbelynck, and Ledrut, Bull. Soc. chim. France, 1953, 315. 
* Dale and Strobel, J. Amer. Chem. Soc., 1954, 76, 6172. 
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aminohydantoin (14 g.) (Found: C, 63-1; H, 6-9; N,17-0. C,,H,,N,O, requires C, 63-1; H, 6-9; 
N,17-0%). The acetyl derivative formed plates, m. p. 199°, from water (Found: C, 62-1; H, 65; 
N, 14:0. C,;H,,N,O, requires C, 62:3; H, 6-6; N, 145%). 

5-(3-p-Di-2’-hydroxyethylaminophenylpropyl)-5-methylhydantoin.—A solution of the amino- 
hydantoin (12 g.) in 1: 1 (v/v) aqueous acetic acid (150 ml.) containing ethylene oxide (25 ml) 
was kept at room temperature for 16 hr. Evaporation of the solvent under reduced pressure 
gave a gum which became solid (16-7 g.) when rubbed with aqueous sodium hydrogen carbonate, 
The di-2-hydroxyethyl derivative formed rosettes, m. p. 125—135°, from water (Found: C, 60-5; 
H, 7-2; N, 12-4. (C,,H,;N,O, requires C, 60-9; H, 7-5; N, 12-5%). 

5-(3-Di-2’-chloroethylaminophenylpropyl)-5-methylhydantoin.—The hydroxyethyl derivative 
(10 g.) was stirred with phosphoryl chloride (80 ml.) at 70° for 1 hr. and then left at room 
temperature for 2 hr. Removal of the excess of reagent left a gum which was warmed with 
concentrated hydrochloric acid (15 ml.) ona steam-bath for }hr. The resinous precipitate formed 
when the cooled solution was poured into 10% aqueous sodium acetate (300 ml.) was immediately 
extracted with ether, and the extracts were thoroughly washed with aqueous sodium hydrogen 
carbonate and dried (MgSO,). The di-2-chloroethyl derivative (7-1 g.) obtained on evaporation 
formed prisms, m. p. 158—160°, from acetone-light petroleum (b. p. 40—60°) (Found: C, 55:3; 
H, 6-3; N, 11-0. C,,H,3Cl,N,O, requires C, 54-9; H, 6-2; N, 113%). The extent of hydrolysis 
under standard conditions was 31%. 

Hydantoin -5-spiro-1'-(7’-amino - 1’,2’,3’,4’ -tetrahydronaphthalene).—7-Amino- 1-tetralone * 
(26 g.), sodium cyanide (15 g.), and ammonium carbonate (135 g.) in 1: 1 aqueous ethanol 
(500 ml.) were stirred at 60° for 8 hr. The hydantoin (77%) formed prisms, m. p. 251—252° 
(decomp.), from ethanol (Found: C, 62-1; H, 5-5; N, 17-7. C,,.H,;N,O, requires C, 62:3; 
H, 5-7; N, 18-2%). 

Hydantoin-5-spivo-\'-(7'-di-2”’-hydroxyethylamino-\’,2’,3’,4’-tetrahydronaphthalene).—A_solu- 
tion of the aminohydantoin (25 g.) in 1: 1 aqueous acetic acid (300 ml.) containing ethylene 
oxide (50 ml.) was kept at room temperature for 16 hr. and then evaporated under reduced 
pressure. The di-2-hydvoxyethyl derivative (24 g.) formed rosettes, m. p. 186—188°, from ethyl 
acetate (Found: C, 60-6; H, 6-6; N, 13-1. C,,H,,N,O, requires C, 60-2; H, 6-6; N, 13-2%). 

Hydantoin-5-spiro-1-(7’-di-2’’-chloroethylamino-1’,2’,3’,4’-tetrahydronaphihalene).—The hydr- 
oxyethyl derivative (10 g.) was stirred with phosphoryl chloride (80 ml.) at 70° for 1} hr. 
When dissolution was complete, the whole was heated with concentrated hydrochloric acid and 
then poured into sodium acetate solution and extracted as described above. Crystallisation 
from acetone-light petroleum (b. p. 60—80°) gave the di-2-chloroethyl derivative (7-4 g.) as needles 
m. p. 165—167° (Found: C, 54-4; H, 5-4; N, 12-1. C,H Cl,N,O, requires C, 54-0; H, 5-4; 
N, 11:8%). The extent of hydrolysis under standard conditions was 14%. 

1-A mino-7-di-2’-chloroethylamino-1,2,3,4-tetrahydro-\-naphthoic Acid.—The above hydantoin 
(5 g.) in concentrated hydrochloric acid (50 ml.) was heated in a sealed tube at 160—170° for 
2hr. On addition of saturated aqueous sodium acetate to the concentrated and cooled solution 
a gum separated and this solidified in contact with acetone. The amino-acid crystallised from 
a large volume of ethanol as needles of indefinite m. p. (shrinking at 165—175°, frothing at 
210—220°, and finally liquefying at 230°), Rp in solvent A 0-82. This behaviour was unchanged 
on repeated crystallisation (Found, for a specimen dried at 100°/0-2 mm. for 2 hr.: C, 53-0; 
H, 6-4; N, 8-1. C,;HCl,N,O,,4H,O requires C, 53-0; H, 6-2; N, 8-2%). 

Attempted Preparation of 5-0-Aminophenylhydantoin.—o-Aminobenzaldehyde (5-26 g.), 
sodium cyanide (4-3 g.), and ammonium carbonate (16-7 g.) in 1: 1 aqueous ethanol (250 ml.) 
were heated and stirred in a pressure bottle at 60—70° for 16 hr. The product (4-7 g.) separated 
from the cooled solution. Crystallisation from a large volume of water gave pale yellow needles, 
m. p. 280—281° (decomp.) (Found: C, 56-2; H, 4:8; N, 22-2. C,H,N,O, requires C, 56:5; 
H, 4-8; N, 22-0%), Amax. 250 and 286 my (log ¢ 3-85 and 3-27). Attempts to prepare an acetyl, 
benzoyl, or di-2-hydroxyethyl derivative were unsuccessful and an amino-group could not be 
detected by a diazotisation and coupling test. The chlorine-free residue left when the hydantoin 
was evaporated with concentrated hydrochloric acid formed plates, m. p. 239—240° from water 
(Found: C, 54-1, 54:2; H, 4-2, 4:7; N, 14:3, 14-6. Calc. for CjH,N,O,: C, 56-3; H, 42; 
N, 146%), Amax. 250 and 286 muy (log ¢ 3-79 and 3-20). Harvill and Herbst ** give m. p. 240— 
244° for 5-o-hydroxyphenylhydantoin. 

*3 Vesely and Sturza, Coll. Czech. Chem. Comm., 1933, 5, 343. 

*4 Harvill and Herbst, J. Org. Chem., 1944, 9, 21. 
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5-0-Chlorophenylhydantoin.—o-Chlorobenzaldehyde was converted into the hydantoin by 
the process described above. The contents of the pressure bottles were concentrated, acidified 
with hydrochloric acid, and evaporated to dryness. 5-0-Chlorophenylhydantoin *4,%> which 
was extracted from the residue with hot acetone, formed plates, m. p. 175—177°, on slow 
cooling of an aqueous solution (Found: C, 51-2; H, 3-3; N, 13-3; Cl, 16-8. Calc. for 
C,H,CIN,O,: C, 51-4; H, 3-4; N, 13-3; Cl, 16-8%); it showed no absorption maxima in the 
range 240—340 my. No identifiable product could be obtained by heating the chlorohydantoin 
with diethanolamine under a variety of conditions. 

Diethyl «-Acetamido-2-nitrobenzylmalonate.—Diethyl acetamidomalonate (4-82 g.) was added 
to a solution of sodium (0-9 g.) in dry ethanol (600 ml.). An immediate turbidity formed on 
addition of 2-nitrobenzyl chloride ** (4-35 g.) to this solution and reaction was completed under 
reflux in 3 hr. Removal of the alcohol under reduced pressure gave an oil which was shaken 
with ether and water. The dried ethereal layer deposited needles (2 g.), m. p. 106°, of diethyl 
a-acetamido-2-nitrobenzylmalonate when light petroleum (b. p. 40—60°) was slowly added 
(Found: C, 54:2; H, 5-9; N, 7-9. C,gHagN,O, requires C, 54:5; H, 5-7; N, 7:95%). 

Reduction of Diethyl Acetamido-2-nitrobenzylmalonate.—The diester was hydrogenated in 
ethanol solution over 5% palladium—charcoal. Concentration of the filtered solution gave an 
oil which solidified in contact with ether. The lactam formed needles or prisms (depending on 
the rate of cooling), m. p. 190—191°, from water (Found: C, 61-1; H, 5-9; N, 10-2. C,,H,,.N,O, 
requires C, 60-9; H, 5-8; N, 10-1%). 

o-Nitrophenylalanine.—Diethyl acetamido-2-nitrobenzylmalonate (39-7 g.) in concentrated 
hydrochloric acid (175 ml.) and water (175 ml.) was heated under reflux for 17 hr. Evaporation 
gave a residue which crystallised when dissolved in concentrated hydrochloric acid (charcoal) 
and cooled to 0°; yellow needles of the hydrochloride, m. p. 222—223° (decomp.), were obtained 
(24:8 g.) (Found: C, 442; H, 47; N, 116%; equiv., Volhard titration of Cl”, 246 5. 
CyH,yN.O,,HCI requires C, 43-9; H, 4-5; N, 114%; equiv., 246-7). 

§-0-Nitrophenyl-a-ureidopropionic acid.—Potassium cyanate (12 g.) was added to o-nitro 
phenylalanine hydrechloride (11-47 g.) dissolved in the smallest quantity of water, and the 
mixture was heated on a steam-bath for $ hr. Adjusting the pH of the solution to 4 caused 
separation of the ureido-acid (6-6 g.), pale yellow glistening plates, m. p. 203—204° (from water) 
(Found: C, 47-8; H, 4-6; N, 16-4. C,)9H,,N,O; requires C, 47-4; H, 4-4; N, 16-6%). 

5-2’-Nitrobenzylhydantoin.—A solution of the ureido-acid (6-6 g.) in concentrated hydro- 
chloric acid (80 ml.) and water (80 ml.) was heated on a steam-bath for } hr. The solid (5-75 g.) 
which separated formed yellow needles, m. p. 238° (decomp.), from aqueous ethanol (Found: 
C, 50-7; H, 3-6; N, 17-4. Calc. for CygH,N,O,: C, 51-1; H, 3-9; N, 17-9%). Bucherer and 
Lieb § give m. p. 213—215°. 

Reduction of 5-2’-Nitrobenzylhydantoin.—The nitrobenzylhydantoin (5 g.) was hydrogenated 
in dimethylformamide (200 ml.) as described above. The product formed needles, m. p. 303—304° 
(decomp. and very dependent on the rate of heating), from aqueous ethanol (Found: C, 64-3; 
H, 4:7; N, 22-1. C, )H,N,O requires C, 64:2; H, 4:85; N, 22-45%). It was unchanged on 
treatment with acetic anhydride or with ethylene oxide in dilute acetic acid. It had a broad 
maximum at 280 my (log « 4-06) and sharp maxima at 324 and 332 my (log ¢ 3-41 and 3-52). 
5-Benzylhydantoin exhibits sharp maxima at 260 and 265 my (log ¢ 2-4 and 2-25).?? 

2-Di-2’-hydroxyethylaminobenzyl Alcohol.—2-Aminobenzyl alcohol ** (28-1 g.) and ethylene 
oxide (22-5 ml.) in sodium-dried benzene (28 ml.) were heated at 170—175° for 5 hr. in a sealed 
tube. The product was distilled and two main fractions collected: (a) b. p. 186—188°/0-3 mm. 
(2 g.), and (b) 196—200°/0-05 mm. (36-6 g.). Fraction (a) deposited 2-2’-hydroxyethylamino- 
benzyl alcohol, m. p. 76—77°, needles from ether (Found: C, 64-5; H, 7:8; N, 8-0. C,yH,,NO, 
requires C, 64-65; H, 7-8; N, 8-4%). Fraction (b) was the required 2-di-2’-hydroxyethylamino- 
benzyl alcohol (Found: C, 62-6; H, 8-15; N, 6-7. C,,H,,NO, requires C, 62-5; H, 8-1; N, 
66%) which did not crystallise but formed a tri-p-nitrobenzoate, m. p. 182—133°, pale yellow 
prisms from acetone (Found: C, 57-9; H, 4:2; N, 8-5. Cy,H.,N,O,. requires C, 58-4; H, 4-05; 
N, 8-7%). 

2-Di-2’-chloroethylaminobenzyl Chloride.—The triol (7-8 g.) was dissolved in warm benzene 


*§ Henze and Speer, J. Amer. Chem. Soc., 1942, 64, 522. 

* Gabriel and Borgmann, Ber., 1883, 16, 2064. 

*7 McLean and Seeger, J. Amer. Chem. Soc., 1940, 62, 1416. 
*8 Nystrom and Brown, J]. Amer. Chem. Soc., 1947, 69, 2548. 
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(25 ml.), and phosphoryl chloride (12 ml.) was cautiously added. After being heated on a 
steam-bath for 12 hr. the whole was evaporated and a light petroleum (b. p. 40—60°) extract 
of the residue was passed through a short column of activated alumina. Distillation of the 
material in the eluates gave two main fractions, (a) b. p. 138—142°/0-01 mm. (1 g.), and (6) 
142°/0-01 (3-4 g.). Fraction (b) was the required trichloro-compound (Found: C, 50-2; H, 5-4; 
N, 5-2; Cl, 37-1. (C,,H,,NCl, requires C, 49-6; H, 5-3; N, 5-25; Cl, 39-9%). 

Diethyl Acetamido-2-di-2’-chloroethylaminobenzylmalonate.—Carefully dried diethyl acet- 
amidomalonate (11-6 g.) was added to a solution from sodium (1-23 g.) in anhydrous ethanol 
(150 ml.). After addition of the trichloro-compound (14-3 g.) in anhydrous ethanol (50 ml.) 
the mixture was stirred at room temperature. A turbidity developed within 20 min. but stirring 
was continued until the mixture no longer showed an alkaline reaction (about 22 hr.). Removal 
of the solvent in a flash-evaporator gave a residue which was extracted with ether. Adding 
light petroleum (b. p. 40—60°) to the dried extract precipitated an oil that slowly solidified. The 
low-melting product was dissolved in benzene and sufficient light petroleum was added to render 
the solution slightly turbid. Unchanged acetamidomalonate (2-7 g.) slowly separated. The 
mother-liquor was passed through activated alumina. Early eluates contained trichloro- 
compound (5 g.) but continued elution with benzene-—light petroleum (b. p. 60—80°; 1: 3) gave 
solids, m. p. 51—64°. These solid fractions were combined and crystallised from benzene- 
pentane, giving diethyl acetamido-2-di-2’-chloroethylaminobenzylmalonate (4-1 g.), m. p. 67—68°. 
Recrystallisation from a large volume of light petroleum (b. p. 60—80°) gave needles, m. p. 
69—70° (Found: C, 53-6; H, 6-1; N, 6-3; Cl, 16-0. C, 9H,Cl,N,O,; requires C, 53-7; H, 6-3; 
N, 6-3; Cl, 15-9%). 

o-Di-2-chloroethylamino-p.-phenylalanine.—A solution of the diester (1-53 g.) in concen- 
trated hydrochloric acid (15 ml.) was heated under reflux for 24 hr. and then evaporated ona 
steam-bath to 5 ml. On addition of ice-cooled saturated aqueous sodium acetate at 0° a gum 
separated. The aqueous layer was poured into a separating funnel and the gum was dissolved 
in a little acetone and then benzene or chloroform (24 ml.) was added, and this solution was 
rapidly used to extract the aqueous layer. The organic layer was dried (Na,SO,) and pentane 
was gradually added, causing the precipitation of a granular solid—rapid addition causes the 
formation of an oil. The solid (850 mg.) was collected and washed with cold acetone and 
recrystallised by dissolving it in the minimum quantity of cold acetic acid and adding ether. 
The amino-acid very slowly separated as rosettes of needles; the behaviour on heating is 
characteristic: the specimen remains firm up to 162° and then collapses and begins to froth. 
When purified the amino-acid is moderately soluble in methanol and sparingly soluble in 
ethanol, acetone, and ether but very soluble in cold acetic acid (Found, for a specimen dried at 
60°/0-2 mm. for 4 hr.: C, 51-0; H, 5-9; N, 9-0; Cl, 23-2%; equiv. by formol titration, 310. 
C,3H,,Cl,N,O, requires C, 51-2; H, 5-9; N, 9-2; Cl, 23-2%; equiv., 305); it had Rp in solvent A 
0-79, in solvent B 0-64. Under the same conditions the pava-isomer had Ry, in solvent A 0-73, 
in solvent B 0-51; and the meta-isomer had Ry in solvent A 0-75, in solvent B 0-55. The rate 
coefficient for hydrolysis of o-di-2-chloroethylaminophenylalanine in water containing 1% of 
methanol at pH 7 and 37°, determined by Dr. Davis using a Radiometer automatic titrator, 
was k = 3-27 x 10 sec." (half-life, 35-2 min.). Under similar conditions the rate coefficient 
for hydrolysis of the para-isomer was k = 1-45 x 10 sec. (half-life, 79-7 min.).™ 

y-p-(N-2-Chloroethyl-N-ethylaminophenyl)butyric Acid.—Methyl -aminophenylbutyrate’ 
(21 g.), Raney nickel (30 g.), and ethanol (100 ml.) were heated under reflux with stirring for 3 hr. 
Evaporation of the filtered solution gave the N-ethylamino-ester as a yellow oil (22-3 g.). 
This oil (18 g.) in 4N-acetic acid (120 ml.) and ethylene oxide (25 ml.) was stirred at room 
temperature for 16 hr. The product was isolated by evaporation and extraction with ether 
and then dissolved in benzene (150 ml.). Residual moisture was removed by distilling off 
50 ml. of benzene and then phosphoryl chloride (15 ml.) was added and heating continued for 
1 hr. The residue obtained by evaporation under reduced pressure was heated with concen- 
trated hydrochloric acid (40 ml.) for 1} hr. Dilution with water and addition of sodium acetate 
solution precipitated an oil which eventually solidified and was crystallised repeatedly from 
light petroleum (b. p. 60—80°). The monochloroethyl derivative (6-4 g.) formed plates, m. p. 
61—63° (Found: C, 62-5; H, 7-5; N, 5-5. C,gHggCINO, requires C, 62-3; H, 7-5; N, 5-2%). 

N-4-A minophenethylphthalimide.—Potassium phthalimide (20 g.) was added during 10 min. 
to a stirred solution of 4-nitrophenethyl bromide (23 g.) in dimethylformamide (80 ml.). The 
mixture was heated at 110° for }? hr. and then at 80° for 3 hr., then poured into water. A solid 





yy sa -— avs 


Qe ee 


—— =070o ww 


; i — o  - 


(Ia 
Ta- 


er 


n- 
1a 
im 
red 
vas 
ne 
the 
ind 


is 
th. 
in 
l at 
310. 
tA 
‘73, 
rate 
, of 
tor, 
ient 





(1960) Grove and Mulholland. 3007 


separated (34 g.) and was collected, dried, and crystallised from propan-1-ol as needles, m. p. 
198—199° (Found: C, 64-9; H, 4-1. Calc. for C,,H,.N,O,: C, 64-9; H, 41%). Bergel et al.2* 
report that the nitro-compound formed plates, m. p. 204—205°, from pentyl alcohol. The 
amine, m. p. 160°, was obtained by hydrogenation in ethyl acetate-methanol over palladium-— 
charcoal (Bergel e¢ al.?® give m. p. 162°). 

N-4-Ethylaminophenethylphti:alimide.—The amine (10 g.), Raney nickel (15 g.), and ethanol 
(60 ml.) were heated under reflux for 3} hr. Acetone was added to dissolve the solid which 
had separated and the solution was filtered and concentrated, giving the ethylamino-compound 
(8-0 g.), prisms, m. p. 151—152° (Found: C, 73-5; H, 6-2; N, 9-7. C,gH,,N,O, requires 
C, 73-5; H, 6-2; N, 9-5%). 

N-4-Ethylhydroxyethylaminophenethylphthalimide.—A solution of the ethylamine (16-5 g.) 
and ethylene oxide (25 ml.) in 50% acetic acid (200 ml.) was stirred for 15 hr. Evaporation 
gave the hydroxyethyl derivative (17-2 g.) which formed prisms, m. p. 117°, from chloroform- 
light petroleum (b. p. 60—80°) (Found: C, 70-7; H, 6-6; N, 8-7. CoH .N,O, requires C, 71-0; 
H, 6-6; N, 83%). 

N-Chloroethyl-N-ethylaminophenethylamine Dihydrochloride—The dried hydroxyethy! 
derivative (17-0 g.), phosphoryl chloride (15 ml.), and benzene (120 ml.) were heated under 
reflux for 1 hr., and then the solvent and excess of reagent were removed under reduced pressure. 
The gummy residue was heated under reflux for 3 hr. with concentrated hydrochloric acid 
(150 ml.). After concentration to about 40 ml. under reduced pressure the cooled solution was 
basified with sodium carbonate and extracted with ether. The ether solution was extracted 
with dilute hydrochloric acid, and the aqueous layer was concentrated, giving hygroscopic 
needles, m. p. 200—206° (decomp.), of the dihydrochloride. Recrystallisation from methanol— 
ethyl acetate raised the m. p. to 205—208° (decomp.) (Found: C, 48-3; H, 7-4; N, 91. 
C,.H,,C],N, requires C, 48-1; H, 7-1; N, 9-3%). 
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605. Gibberellic Acid. Part XII.* The Stereochemistry of Allogibberic Acid. 
By JoHN FREDERICK GROVE and T. P. C. MULHOLLAND. 


Allogibberic acid and epiallogibberic acid, stereoisomeric degradation 
products of gibberellic acid, are shown to have the absolute configurations 
(III) and (XX) respectively. 


GIBBERELLIC ACID ! (I), on treatment with dilute mineral acid, yields ®* allogibberic acid 4 
(III). Allogibberic acid has also been obtained by heating gibberellic acid with water, 
and from 2,7-dihydroxy-1-methyl-8-methylene-10a2-gibba-3,4a(4b)-diene-1,10-dicarboxylic 
acid ¢ (gibberellenic acid +**) (II) with boiling water or cold mineral acid. 


* Part XI, J. Sci. Food Agric., in the press. 
+ By agreement with the Editor the name gibbane is used for the fully saturated tetracyclic system 


(Ia) (8,9-bridge 8). The ring system derived from gibbane by inversion at positions 7 and 9a is called 
7a-gibbane. 


Cross, Grove, MacMillan, Moffatt, Mulholland, Seaton, and Sheppard, Proc. Chem. Soc., 1959, 302. 
Cross, J., 1954, 4670. 

Brian, Grove, Hemming, Mulholland, and Radley, Plant Physiol., 1958, 38, 329. 

Mulholland, J., 1958, 2693. 

Gerzon, Bird, and Woolf, Experientia, 1957, 18, 487. 

Moffatt, J., 1960, 3045. 
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When the acid (I) or (II) was boiled with hydrazine hydrate for 24—26 hr., allogibberic 
acid and an epimer, epiallogibberic acid, m. p. 244°, were formed. Gibberellic acid, with 
a reaction time of 6 hr., gave also the acid (II), and this was the main product after 30 
minutes’ boiling. Allogibberic acid and its epimer thus have a common precursor (II) 


oO 4 5 
4a 4b 
“¥ F- apr 
HO OH joa eT HO OH 
i 10 
Me CH, OC Me CO,H CH, 


CO,H 4 H 
(I) (Ia) (II) 











and must be epimeric at position 4b. In agreement with this formulation epiallogibberic 
acid gave epigibberic acid when boiled with mineral acid (cf. allogibberic acid — gibberic 
acid *), gave formaldehyde on ozonolysis, and showed ultraviolet absorption similar to that 
of allogibberic acid. Epiallogibberic acid was not isolated when gibberellic acid was 
treated with cold mineral acid but was probably present since the action of hot mineral 
acid gave ? both gibberic and epigibberic acid. 

The chemistry of allo- and epiallo-gibberic acid is outlined in charts 1 and 2 in terms 
of the absolute configurations which are deduced below. Tricyclic compounds of type 
(XI) are fluorene derivatives, numbered as in (XI). Compounds derived from allo- and 
epiallo-gibberic acid have respectively a 4ba- and a 4b$-hydrogen atom (see below). In 
this and subsequent papers dealing with degradation products of gibberellic acid where 
ring A is aromatic the prefix epi is used to denote compounds in the 4bf-series. 

Allogibberic Acid.—The dibasic keto-acid (XI), obtained by way of the ketol (VII) by 
ozonolysis * of allogibberic acid, is shown below to be the 4b«,8a8,96-acid. Six of the eight 
possible stereoisomers of formula (XI) have been isolated, namely (IX, X, XI, and 
XVII; chart 1) and (XIX and XXVI; chart 2). 

Hydrolysis of the half-ester (XII), obtained by ozonolysis of methyl allogibberate,* with 
cold aqueous potassium hydroxide gave the 9«-dibasic acid (IX) (cf. ref. 4) and the 
98-isomer (XI) in the ratio 85:1. The 96-dibasic acid (XI) was stable to boiling 2N-sodium 
hydroxide; and epimerisation at position 9 in the methyl ester (XII) but not in the free 
acid is to be expected.”8 The almost exclusive formation of the 9«-acid suggests that this 
acid has the more stable configuration (see below). 

Similar results were obtained on hydrolysis of the methyl esters of allogibberic and 
gibberic acid, but not with the free acids (which were stable) or with the methy] esters of 
epiallogibberic, epigibberic, and dehydrogibberic ° acid which gave the corresponding free 
acids. 

Hydrolysis of methyl allogibberate with boiling 2N-sodium hydroxide gave a gummy 
acid (V), stereoisomeric with allogibberic acid but differing in the infrared spectrum and 
specific rotation. That inversion had occurred at position 10 was shown by ozonolysis, 
which gave the 9«-dibasic keto-acid (IX). Hot hydrochloric acid isomerised the acid (V) 
to a gummy acid whose infrared spectrum and specific rotation were similar to those of the 
acidic gum obtained by alkaline hydrolysis of methyl gibberate; the spectrum showed 
that a 5-ring ketone had been formed, as in the formation of gibberic acid from allogibberic 
acid. With methanolic sodium hydroxide’? at room temperature racemisation at position 
10 in methyl gibberate proceeded without substantial hydrolysis, giving a little methyl 
gibberate but mainly a gummy fraction consisting essentially of the 10«-isomer of methyl 
gibberate. Under these conditions, the specific rotation of methyl epigibberate and methyl 
epiallogibberate remained constant. 

In boiling 2N-sodium hydroxide the dimethyl ester (XVI) of the 98-acid (XI) gave a 

7 Bickell, J. Amer. Chem. Soc., 1938, 60, 927. 


® Kenyon and Young, J., 1940, 216. 
® Cross, Grove, MacMillan, and Mulholland, J., 1958, 2520. 
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more complex mixture than did the monomethy] ester (XII). Two new dibasic keto-acids, 
Cy7Hyg05 (X) and (XVII), were isolated. In addition a substance was obtained which 
was not resolved by crystallisation but was shown to be a 1:1 mixture of the acids (X) 
and (IX) by comparison with material prepared by crystallising together equimolecular 
amounts of these two acids (cf. refs. 10, 11). Alkaline hydrolysis of the dimethyl ester of 
the acid (IX) gave results similar to those obtained from the ester (XVI), but more of 
the acid (IX) and less of the acid (X) were formed. 

Reduction of the 8a$,96-dimethyl ester (XVI) with sodium borohydride gave the 
expected two alcohols, C,gH,,0, [(A), m. p. 148—151° and (B), m. p. 152—153°), and a 


Chart |. Degradation of allogibberic acid. 
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Reagents: 1, CH,Ng; 2, NaOH; 3, Og; 4, HzO,; 5, NaBiOy; 6, KOH; 7, NaBHy; 8, AcgO; 9, HzO; 10, CrOg. 
* Also intractable alcohols. 


hydroxyl-free neutral compound, C,,H,,0,4, containing one methoxyl group. This com- 
pound, also obtained by heating alcohol (A) with acetic acid, must be the lactone (XIII); 
hence the 7-hydroxyl group in alcohol (A) must be 8- (axial), and in alcohol (B) a-orientated. 
The lactone was also a major product when the ester (XVI) was hydrogenated with Adams 
catalyst in acetic acid. Alkaline hydrolysis of alcohol (B) followed by oxidation of the 
gummy product gave only the acid (IX) and a trace of the acid (XI) [isolated as the 
dimethyl ester (XVI)}. 

Reduction of the dimethyl ester of the 8a$,9a-acid (IX) with sodium borohydride 
also yielded a lactone, C,gH.,0, (VI), but the alcohols produced were intractable. 


© Goodwin and Perkin, J., 1905, 87, 841. 
1 Bone and Perkin, J., 1896, 69, 268. 
5E 
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Reduction of the esters of the 8a«-acids (X) and (XVII) was not carried out, but reduction 
of their antipodes, obtained (below) from epiallogibberic acid, did not give lactones. 

H 5 The formation of four dibasic keto-acids, C,,H,,0;, by degradation of 

; 4 allogibberic acid requires two labile asymmetric centres, one at Cy, the 

B other at Cia) or Cyg,). Neither Cr4,) nor Cyg,) seemed sufficiently activated 
(Le, for ready inversion to be expected, and it is clear that an intramolecular 

Claisen condensation could take place at Cy) (we are indebted to Dr. J, 

(XVI) ~~ MacMillan for this suggestion) giving an alkali-unstable intermediate 1,3- 
diketone (XVIII). 

Fission at the 6,7-bond in (XVIII) then yields compounds of opposite configuration 
at Cig,). In support of this mechanism it has been shown above that, to obtain the 8ac- 
acids (X and XVII), (a) the 8a-substituent must be esterified, and (6) a ketone group 
must be present at position 7. When the dimethyl ester (XVI) of the 8a8,98-acid (X1I) 
was heated with methanolic sodium methoxide it reacted rapidly and gave a little of the 
dimethyl ester of the 8ax,9a-acid (XVII) together with an intractable gum which may 
contain the intermediate diketone (XVIII). 

Dehydration of the acid (XI) with boiling acetic anhydride gave the anhydride (XV) 
in good yield. The 9a-acid (IX) also gave this anhydride but less readily. Alkaline 
hydrolysis 4 of the anhydride gave only the acid (XI), showing that the 9- and 8a-sub- 
stituents are cis-related in this compound and hence these substituents are trans-related 
in the acid (IX). Analogous inversion of a carboxyl group in ¢rans-acids is well known.” 
The relatively difficult inversion of the 9-carboxyl group in the acid (IX) compared with 
other isomers where the 9- and 8a-substituents are also ¢rans (see below) is due to the 
9a-configuration’s being more stable. The 8a«,98- (X) and 8a«,9«-acid (XVII) yielded the 
anhydride (XIV) easily and in good yield. Hydrolysis of the anhydride (XIV) gave only 
the 8a«,9«-acid (XVII), where the 9- and 8a-substituents are therefore cis to one another. 

Epiallogibberic Acid.—Although hydrogenation “of allogibberic acid in methanol with 
palladised carbon * or Adams catalyst * gave only one dihydroallogibberic acid, hydro- 
genation of epiallogibberic acid with Adams catalyst in acetic acid gave two dihydroepi- 
allogibberic acids, C,,H,,03, m. p. 234—236° and 178—180°, epimeric at Cy). Hydrogen- 
ation with a palladised carbon catalyst in ethyl acetate gave only the acid of m. p. 234— 
236°. The latter compound, like epigibberic acid, did not react with alkaline permanganate 
at 0°. Under identical conditions a 4,5-double bond is introduced into gibberic acid® 
and dihydroallogibberic acid. 

Ozonolysis of epiallogibberic acid gave formaldehyde and a new dibasic keto-acid, 
C,,H,,0; (XIX). This 4b8,8a8,98-acid, and its 9-monomethyl ester (XXV) obtained 
from methyl epiallogibberate by ozonolysis, or by fission of the corresponding glycol (XXII) 
with sodium bismuthate, gave the same crystalline dimethyl ester (XXIV). The dibasic 
acid (XIX) was stable to boiling 2N-sodium hydroxide. The monomethy] ester, like the 
analogous ester (XII) from allogibberic acid, was hydrolysed under these conditions to two 
products, the 8a$,98-acid (XIX) and the 9a-isomer (XXVI). In this case the yield of 
the products (ca. 1: 3) was more nearly equal. 

Hydrolysis of the dimethyl ester (XXIV) gave the same two acids as did the mono- 
methyl ester (XXV). Thus in this series derived from epiallogibberic acid, although 
there was the expected lability at position 9, there were no products resulting from 
inversion at Cig,,. When the 4b8,8a8,98-dimethyl ester (XXIV) was boiled with methanolic 
sodium methoxide the ester was only attacked slowly and 58% was recovered under 
conditions in which the 4bz,8a8,98-ester (XVI) reacted completely. 

Reduction of the ester (XXIV) with sodium borohydride gave two epimeric alcohols, 
CygH.,0;, (C), m. p. 95—96°, and (D), m. p. 134°; hydrogenation gave the same products 
and in low yield a dimethyl ester, C,,H,,0, (XXVIII), which is a hydrogenolysis product. 
Reduction of the ester (XX VII) with sodium borohydride gave two oily alcohols E and F. 

12 Cook and Linstead, /., 1934, 956. 
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ion The 98- and 9«-acids (XIX) and (X XVI) readily gave the same anhydride (XXIII) with 
acetic anhydride. Since hydrolysis of this anhydride with water or dilute sodium hydroxide 
| of gave only the acid (XIX) the 9- and 8a-substituents are cis-related in this acid and trans 
the in the epimeric acid (X XVI). 
rs Chart 2. Degradation of epiallogibberic acid. 
i ; : M 
(ORS Or 
OH . 
tion the e ion pee Crh-OH 
Saa- el (XIX) SN fa XX) t we, (XXII) Th 
oup U t \s a ' | 
XI) 8 H H P \ H 
the { | | | . | | alias yeaa as Cc te ) 
nay Oo O cohol D ‘e) 
XV) oc CH: MeO,c ~~ COMe /0 Meo,c — ©O2H 
line O-cO (XXIV) ; (XXV) 
a! —" ‘ 
H H 
ated . Alcohol E 
m2 { —~o { —- { 
vith ' fe} re) Alcohol F 
the HO,¢ “— COH Meo, “— CO:Me Meo,¢ —~ CO:Me 
the (XXVI) (XXVII) (XXVIII) 
only Reagents: 1, CHgNy; 2, OsOy; 3, Os; 4, HgO2; 5, NaBiOs; 6, AcgO; 7, HzO; 8, NaQH; 9, NaBH,; 10, H,—Pt. 
rer. 
with The dibasic acids (XIX) and (XXVI) were antipodes of the acids (XVII) and (X) 
dro- respectively. Their infrared spectra and m. p.s were identical, their specific rotations 
epi- were equal but of opposite sign, and the optical rotatory dispersion curves were mirror- 
gen- images (see Fig. 1). The enantiomeric nature of the two pairs of curves is more convincing 
34 — than the comparison of individual values of rotation at a single wavelength. The 
nate anhydrides (XXIII) and (XIV) were also antipodes. These relations are to be expected 
cid ® if the acids (XJ) and (XIX) differ only in the configuration at position 4b. Inversion 
of the remaining two asymmetric centres (9 and 8a) in (XI) will give (XVII), a mirror 
acid, image of (XIX). It follows from this and what has been said previously that allo- and 
ined epiallo-gibberic acid differ only in the configuration at the 4b-centre and that the 8,9- 
XII) bridge and 10-carboxyl substituent are cis to each other in both compounds. 
basic Hydrogenation of dehydrodihydroallogibberic acid * (X XIX), under 
> the 4 acidic, neutral, and basic conditions with palladium or platinum 
» two WAX FOH catalysts, gave only dihydroallogibberic acid. Since reduction will 
ld of Me Me occur at the less hindered side of the molecule, opposite to the 10- 
CO2H and 9a-substituents, and since the original stereochemistry at position 
\ono- (XXIX) 4b is regenerated, rings B and c must be ¢rans-fused in allogibberic 
ough acid and therefore cis-fused in epiallogibberic acid. 
from A study of Courtauld space-filling models of tricyclic structures of general formula (XI) 
nolic shows that when rings B and c are trans-fused the 9-carboxyl substituent is less hindered 
inder when the 9- and the 8a-substituent are ¢vans, and this then represents the more stable 
configurational relationship at these two centres. But when rings B and C are cis-fused 
hols, there is little to choose, on sterjc grounds, between the two possible configurations for the 
ducts §-carboxyl substituents. The ready inversion at position 9 in the esters of the 
duct. 4ba,8a8,98-acid (XI) and the ready racemisation at position 9 in the esters of the 
nd F. 4b8,8a8,98-acid (XIX) are consistent with these observations. 


Relief of steric compression may also be a factor in the ready transformation of the 
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dimethyl esters of the 4ba,8a8-acids (IX) and (XI) into the 4ba,8aa-acids (X) and 
(XVII) via the diketone (XVIII). The stability of the 8a-centre in the 4b$,8a8-dimethyl 
ester (XXIV) under similar conditions may be due to the difficulty of formation of the 
intermediate diketone; the distance between Cy) and the appropriate methoxycarbony] 
group is greater in those compounds with rings B/c cis-fused and ring C in the chair conform- 
ation. The failure of the intramolecular condensation with the ester (XXIV) cannot be 
attributed to ring c’s adopting the alternative conformation where the 8a-substituent is 
equatorial, for it is shown below that the esters of this type exist preferentially in the 
conformation where the 8a-substituent is axial and the 8a,9-bond equatorial. Models of 


Fie. 1. Fic. 2. Fic. 3. 
50 
40r 























-SOU' ; : : ; SF; ; : : ' 

JOO 400 500 600 300 400 S00 600 300 400 500 600 
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Fic. 1. Optical rotatory dispersion curves of compounds XIX (G), XVII (A), X (J), and 

XXVI (J). 


Fic. 2. Optical rotatory dispersion curves for compounds XVI (K), XII (L), and XI (M), dimethyl 
ester of 1X (N), and the 7a-alcohol B (O) from XVI. 


Fic. 3. Optical rotatory dispersion curves for XX1V (P), alcohol C (Q), X XVII (R), alcohol E (S), 
and subtraction curves P — Q(T) and R—S (UV). 


the tetracyclic structures with an aromatic ring A show that, when rings B/c are trans- 
fused (allogibberic acid), the less hindered configuration of the 10-carboxyl substituent 
is trans to the 8,9-bridge [as in the acid (V)], consistently with the lability of the centre 10 
in methyl allogibberate; when rings B/c are cis-fused the less hindered configuration of 
the carboxyl group is cis to the 8,9-bridge although there is little difference between the 
two possibilities. The stability to alkali of the 10-centre in methyl epiallogibberate is 
therefore not wholly explained in terms of steric hindrance of the methoxycarbonyl 
substituent in the two alternative configurations. The 4b8,8a8,98-configuration (epiallo- 
gibberic acid) is less hindered and presumably more stable than the 4b«,8a8,98-configuration 
(allogibberic acid). 

The relative configurations of the four asymmetric centres in allogibberic and epiallo- 
gibberic acid have been established by the work described above. The absolute configur- 
ations of the acids follow from studies of optical rotatory dispersion carried out by Dr. W. 
Klyne, Postgraduate Medical School, London, W. 12. It has been shown by examination 
of the model compounds (+)-cis-'14 and (—)-trans-hexahydro-8-methylindan-5-one ® 
and of (-+-)-trans-hexahydroindan-5-one * that no major conformational distortion is 
produced in the cyclohexane ring by fusion with a five-membered ring: the shapes and 

18 Conroy and Cohen, J. Org. Chem., 1958, 28, 616. 

™ Acklin and Prelog, Helv. Chim. Acta, 1959, 42, 1239. 


15 Djerassi, Marshall, and Nakano, J. Amer. Chem. Soc., 1958, 80, 4853. 
16 Bourn and Klyne, J., 1960, 2044. 
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amplitudes of the optical rotatory dispersion curves obtained were similar to those for 
standard decalones of known absolute configuration and were largely unaffected by the 
resence of a methyl substituent at the ring junction. The curve for the ester (XVI) 
(Fig. 2) showed a positive Cotton effect, indicating by simple analogy with the model 
hexahydroindanones or by application of the octant rule,!”-18 that this compound has the 
4ba,8a8-absolute configuration shown (chart 1). It follows that allogibberic acid has the 
(4bS,7S,9aS,10R)-absolute configuration (ITI).* 

The curves (Fig. 3) for the dimethyl esters (XXIV) and (XXVII) both showed positive 
Cotton effects; taken with the known relations of these esters to the 4ba,8a8-ester (XVI), 
this indicates that the compounds have the 4b$-8a6-configuration and (cf. the octant 
rule 17-18), the conformation in which the 4b$-hydrogen atom is equatorial and the 8a8- 
substituent axial. The amplitudes of the curves for ketones derived from epiallogibberic 
acid were generally smaller than those derived from allogibberic acid and this fact (although 
arguments based on amplitudes need to be treated with caution) supports the 
cis-B/C-configuration for the epiallo-series. Epiallogibberic acid therefore has the 
(4bR,7S,9aS,10R)-absolute configuration (XX). 

The curves of the keto-acids and esters of general formula (XI) show several points of 
interest. The remarkable difference in the shape of curves P and R (Fig. 3) for the 
4bB8,8aB8-esters (XXIV) and (XXVII) respectively is due to the fact that inversion at 
position 9 alters the sign of the plain curve on which the Cotton effects are superimposed. 
Thus, alcohol C derived from the ester (XXIV) shows a positive plain curve #4 rising 
steeply towards shorter wavelengths, whereas alcohol E derived from (XXVII) shows a 
negative flatter plain curve. The subtraction curves T and U (Fig. 3) give a more realistic 
estimate of the Cotton effect due to the carbonyl group in the two cases and are not 
dissimilar. Similar differences in shape can be discerned in the curves for the 4ba,8a8- 
compounds. The 7«-alcohol B derived from the 98-ester (XVI) shows a very weakly 
negative plain curve (O, Fig. 2) and in consequence the curve (K, Fig. 2) for the ester 
(XVI) is roughly symmetrical about the wavelength axis. The positive Cotton effect in 
the ester of the 9a-acid (IX) is superimposed on a more strongly negative plain curve, 
giving the unsymmetrical curve (N, Fig. 2). 

The curves (L and M, Fig. 2) for the acids (XII) and (XI) respectively are difficult to 
interpret. Their imperfect nature may be due in part to the shape of the negative plain 
curves on which the positive Cotton effects are superimposed, but it may also be related 
to the depression in amplitude of the Cotton-effect curves of some ketones by ketal 
formation.” This effect, found with acids in the 4ba,8a$-series, was not nearly so 
pronounced with acids where rings B/c were cis-fused, and, analogously to the failure of 
the ester (XXIV) to undergo intramolecular condensation, may be due to the greater 
distance in these compounds between the carboxy] group of the 8a-acetic acid residue and 
the 7-ketone group. Thus, the optical rotatory dispersion curves for the acid (XXVI) 
(curve J, Fig. 1) and its dimethyl ester (XX VII) (curve R, Fig. 3) were not dissimilar, and 
the curves for the acids (XIX) (curve G, Fig. 1) and (XXV) were almost identical with 
that for the ester (XXIV) (curve P, Fig. 3). 


EXPERIMENTAL 


M. p.s are corrected. Alumina was of grade II, with pH 4.%% Specific rotations were 
determined for EtOH solutions in a 1 dm. micropolarimeter tube unless stated otherwise. 


* This conclusion has already been reported briefly.1* While this paper was in preparation an 
identical conclusion was published independently by Stork and Newman.”° 

Djerassi, Rec. Chem. Progr., 1959, 20, 101. 

8 Moffitt, Moscovitz, Woodward, Djerassi, and Klyne, unpublished work. 

® Cross, Grove, McCloskey, Mulholland, and Kiyne, Chem. and Ind., 1959, 1345. 

* Stork and Newman, J. Amer. Chem. Soc., 1959, 81, 3168. 

*t Djerassi and Klyne, Proc. Chem. Soc., 1957, 55. 

#2 Djerassi, Mitscher, and Mitscher, J]. Amer. Chem. Soc., 1959, 81, 947. 

*3 Mulholland and Ward, /., 1954, 4676. 
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Optical rotatory dispersion curves were obtained in methanol (c 0-1 for plain curves; c 0-01 for 
Cotton-effect curves). Light petroleum had b. p. 40—60°. 

Hydrogenation of the Dehydro-derivative of Dihydroallogibberic Acid.—Crude dihydroallo- 
gibberic acid * had m. p. 200—203° (decomp..), {a],,2> — 72° (c 0-90), and after one recrystallisation, 
m. p. 203—206° (decomp.), [a]),,* —71° (c 0-96). The dehydro-derivative * (C,,H.,03,CH,-OH) 
had [a], —24° (c 0-78); hydrogenation was carried out at room temperature and pressure. 

(i) The compound (35 mg.) in ethyl acetate (6 ml.) with 10% palladium-charcoal (32 mg) 
gave dihydroallogibberic acid (34 mg.), {a],,2* —65° (c 0-93), m. p. 198—200° (decomp.), raised 
to 204—206° (decomp.) by one crystallisation from ethyl acetate-light petroleum. 

(ii) The compound (34 mg.) in methanol (6 ml.) with Adams catalyst (31 mg.) gave dihydro- 
allogibberic acid (33 mg.), {a),2* —72° (c 1-03), m. p. 198—201° (decomp.), raised to 198—202° 
(decomp.) by crystallisation. 

(iii) The compound (33 mg.) in acetic acid (6 ml.) with Adams catalyst (30 mg.) gave 
dihydroallogibberic acid (32 mg.), {a],2* —67° (c 1-09), m. p. 190—195° (decomp.), raised to 
196—200° (decomp.) by crystallisation. 

(iv) The compound (35 mg.) in ethyl acetate (7 ml.) containing concentrated hydrochloric 
acid (0-05 ml.) with Adams catalyst (50 mg.) gave, after washing of the filtered solution and 
recovery, dihydroallogibberic acid (32 mg.), {],,2* —70° (c 1-09), m. p. 196—200 (decomp), 
raised to 204—208° (decomp.) by crystallisation. 

(v) The compound (33 mg.) in 0-1N-sodium hydroxide (5 ml.) with 2% palladium-strontium 
carbonate *4 (55 mg.) gave, after filtration, acidification, and recovery in ethyl acetate, dihydro- 
allogibberic acid (28 mg.), {a],,2" —70° (c 1-00), m. p. 198—201° (decomp.), raised to 199—202° 
(decomp.) by crystallisation. 

The products were identified by mixed m. p. and the infrared spectra. 

Ozonolysis of Allogibberic Acid (cf. ref. 4). Decomposition of the Ozonide with Hydrogen 
peroxide.—(i) The compound (2-00 g.) in acetic acid (50 ml.) was ozonised at room temperature 
(absorption, 1-1 mol.). 20% Hydrogen peroxide (20 ml.) was added and the mixture was kept 
at room temperature for 18 hr. Water (50 ml.) was added and the solution was concentrated 
in vacuo to ca. 30 ml. After addition of more water.(50 ml.) the mixture was extracted with 
ether, and the extract was freed from peroxides by shaking it with ferrous sulphate solution. 
Recovery gave a sticky solid which crystallised from ethyl methyl ketone-light petroleum, 
giving needles (0-56 g.), m. p. 230—240° (decomp.), of the crude ketol (VII). The residue 
recovered from the mother-liquor crystallised from ether, giving crude 98-carboxy- 4ba,5,6,7,8,8a- 
hexahydro-1-methyl-7-oxofluoren-8a8-ylacetic acid (XI) [0-66 g.; m. p. 204—210° (decomp.)]. 

(ii) Repetition of experiment (i), but with the product kept in hydrogen peroxide for 2-5 
days, gave the crude ketol (26 mg.) and keto-acid (1-1 g.). 

The keto-acid (XI) was recovered after 2 hr. in boiling 2N-sodium hydroxide. The dimethyl 
ester (XVI) formed needles (from methanol), {a),** +17° (c 0-20 in COMe,). 

Action of Alkali on the Ester (XV1).—The compound (500 mg.) was heated under reflux 
with 2N-sodium hydroxide (50 ml.) for 2-5hr. The solution was washed with ether and acidified 
and the gummy product (0-43 g.), recovered in ether, was crystallised from ether, giving a 
solid (A) (267 mg.). The residue from the mother-liquor was kept for 18 hr. with ethyl 
acetate, giving prisms (B), m. p. 208—214° (20 mg.), and, on recovery from the mother-liquor, a 
gum (C). 

Fractional crystallisation of products A and B from ethyl methyl] ketone alone or mixed with 
light petroleum gave prisms (D) and more soluble needles (E). 

The prisms (D) (79 mg.), m. p. 218—220°, [a],?* +25° (c 0-61) consisted of 98-carboxy- 
4bx,5,6,7,8,8a-hexahydro-1-methyl-7-oxohydrofluoren-8aa-ylacetic acid (X) [Found: C, 67-3; H, 
6-2%; equiv., 159. C,,H,,0, requires C, 67-5; H, 6-0%; equiv. (dibasic), 151]. The infrared 
spectrum [Vmax 3235, 1735, 1699 (sh), 1683 cm.~"] was identical with that of the antipode (X XVI) 
(see below). 

The dimethyl ester, obtained with diazomethane, was a gum, [a],”* + 55° (c 1-07) {[M]; 
negative Cotton effect curve (600 mu) +200°; (340) +500°; (312-5, peak) +300°; (275) 

+ 2300°} (Found: C, 68-9; H, 6-8; OMe, 18-7. Cy, gH,,O; requires C, 69-1; H, 6-7; 2OMe, 
18-8%), Vmax. 1740, 1727 (sh) cm. in CC],. 

The needles (E) crystallised from ethyl methyl ketone-light petroleum in needles (125 mg.), 
m. p. 140—175° (gas evolution) with further melting at 190—197°, {a],,2° —26° (c 0-46); these 


24 Martin and Robinson, /., 1943, 491. 
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were a 1:1 mixture of the above acid (X) and 9a-carboxy-4ba,5,6,7,8,8a-hexahydro-1- 
methyl-7-oxofluoren-8a8-ylacetic acid 4 (IX). The mixture could not be separated into its 
components by crystallisation but was identical with material prepared by crystallising a 1: 1 
mixture of the above two acids. 

The gum (C) crystallised from ethyl acetate, to give large prisms (36 mg.), m. p. 196—203°. 
Recrystallisation from ethyl acetate-light petroleum gave 9a-carboxy-4b«,5,6,7,8,8a- 
hexahydro-\-methyl-7-oxofluoren-8aa-ylacetic acid (XVII) as prisms (27 mg.), m. p. 205—207° 
(yellow at the m. p.), {a],,2% —76-5° (c 1-11), which became opaque on drying at 100° [Found: 
C, 67:7; H, 62%; equiv., 140. C,,H,,O, requires C, 67-5; H, 6-0%; equiv. (dibasic), 151]. 

The dimethyl ester, prepared with diazomethane, crystallised from methanol in needles or 
prisms, m. p. 167—169°, {a],** —78° (c 0-68 in COMe,) {[M]; negative Cotton effect curve (600 
my) —300°; (310, peak) —3500°; (275, trough) —250°; (270) — 1400°} (Found: C, 68-7; H, 6-8; 
OMe, 20-8. C,,H,.O,; requires C, 69-1; H, 6-7; 20Me, 18-8%). Them. p. was not depressed 
on mixture with the antipode (XXIV) (see below) and the infrared spectra were identical. 

Action of Methanolic Sodium Methoxide on the Ester (XVI1).—The compound (63 mg., 1-0 
mol.), was heated under reflux with sodium (6-5 mg.; 1-5 g.-atom) in methanol (1-0 ml.) for 1 hr. 
The crystals dissolved quickly. After storage at room temperature for 16 hr. the solution was 
evaporated im vacuo at 100°. The residue was mixed with water (3 ml.), and the crystals 
(4mg.; m. p. 165—170°) were filtered off. Recrystallisation from ethyl acetate-light petroleum 
gave needles (2 mg.), m. p. 166—168°, identified as the dimethyl ester of the acid (XVII) by 
the infrared spectrum and specific rotation. 

The aqueous mother-liquor was washed with ether and acidified with hydrochloric acid, and 
the amorphous precipitate (13 mg.) filtered off. A further 11 mg. of gum was recovered by 
ether-extraction. The combined product (vmx 1737, 1722, 1704, 1595 cm.~1) was intractable. 
It was insoluble in cold dilute sodium hydroxide, and gave no colour with alcoholic ferric chloride 
and a doubtfully positive colour reaction for a 1,3-diketone with o-phenylenediamine. 

Reduction of the Ester (XV1).—(i) With sodium borohydride. The ester (200 mg.) in methanol 
(80 ml.) was treated portionwise with sodium borohydride (104 mg.) in methanol (10 ml.). The 
solution, initially at 10°, was cooled to 0° when about half the reagent had been added. After 
storage at 0° for 15 min., excess of reagent was decomposed with acetic acid, and the mixture 
was evaporated im vacuo. The residue was mixed with water and extracted with ether. The 
extract, after being washed with sodium carbonate solution and with water, was dried and 
evaporated, giving a gum (191 mg.). Crystallisation from ether gave needles (Y) (80 mg.; 
m. p. 190—203°). The mother-liquor was chromatographed on alumina (30 x 1-2 cm.), the 
following main fractions being recovered: (i—iii) (by ether, 30 ml.), a gum (19 mg.); (iv) (by 
ether, 10 ml.), a gum (6 mg.); (v—viii) (by ether, 40 ml.), a solid (13 mg.; m. p. ca. 200°); (ix) 
(by ether—methanol, 3: 1, 50 ml.), a gum (72 mg.). 

Fraction Y and the product from fractions (v—viii) were combined and crystallised from 
ethyl acetate-light petroleum, giving 4bx,5,6,7,8,8a-hexahydro-78-hydroxy-98-methoxycarbonyl- 
1-methylfluoren-8a8-ylacetic acid lactone (XIII) as needles (78 mg.), m. p. 202—204° (Found: 
C, 71-8, 71-95; H, 6-8, 6-8; OMe, 10-6, 10-5. C,,H.O, requires C, 72-0; H, 6-7; OMe, 10-3%), 
Ymax, 1726, 1596 cm.! (OH and ethylenic C=C absent); in CCl,, 1744 cm."}. 

Fractions (i—iii) in ether—light petroleum crystallised, to give needles of the lactone (XIII) 
and prisms. The latter (7 mg., m. p. 147—153°) were separated and recrystallised from ethyl 
acetate-light petroleum, giving alcohol A, methyl 4ba,5,6,7,8,8a-hexahydro-78-hydroxy-9B- 
methoxycarbonyl-1-methylfluoren-8a8-ylacetate,as prisms, m. p. 148—151°, [a],,?* —16° (c 0-43) 
(Found: C, 69-1; H, 7:6. C,gH,,O; requires C, 68-65; H, 7-3%), vmax, 3530, 1731, 1591 cm."}. 

Fraction (ix) crystallised from ether—light petroleum as prisms (61 mg.) of the epimeric 
Ta-alcohol (B), m. p. 145—151°, raised to 152—153° by recrystallisation, [a],*4 —5° (c 1-02). 
The m. p. was depressed on admixture with alcohol (A) (Found: C, 68-9; H, 7-4; OMe, 18-4%), 
Vmax. 3490, 1738 cm.7?. 

(ii) By hydrogenation. The ester (50 mg.) in acetic acid (8 ml.) was shaken with hydrogen at 
room temperature and pressure in the presence of Adams catalyst (30mg.) for 5 hr., then left under 
hydrogen for 2 days. Recovery gave a semi-solid product (48 mg.) which crystallised from 
methanol in needles (26 mg.), m. p. 196—203°, raised to 201—203° by recrystallisation from ethyl 
acetate-light petroleum, identified (mixed m. p. and infrared spectrum) as the lactone (XIII). 

Action of Acetic Acid on Alcohol A.—The alcohol and acetic acid were heated under reflux 
for 3 hr. The solid obtained by evaporation crystallised from ethyl acetate—light petroleum 
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in needles, m. p. 202—204°, identified as the lactone (XIII) by mixed m. p. and the infrared 
spectrum. 

Hydrolysis and Oxidation of Alcohol B.—The compound (65 mg.) was boiled with 2n- 
sodium hydroxide (7 ml.) for 3 hr. The cooled mixture was washed with ether, acidified, and 
extracted with ether and ethyl acetate. The dried extracts were washed with water and 
evaporated to a foam (59 mg.). This, in acetic acid (1 ml.), was treated portionwise with 
chromic oxide (28 mg.) in water (0-25 ml.) and acetic acid (0-5 ml.) during 10 min., with warming 
after each addition. After storage for 10 min. at 20° the mixture was diluted with water and 
extracted with ether and ethyl acetate. The product (44 mg.) recovered from the extracts was 
washed with ether, giving a solid (27 mg.), m. p. 242—248° (decomp.), [a],,2° —79° (c 0-96), 
which crystallised from ethyl methyl ketone-light petroleum, yielding the keto-acid (IX), 
m. p. 249—252° (decomp.), [a,,2° —77° (c 0-51), identified by the infrared spectrum. 

The material recovered from the ether-washings above was methylated with diazomethane, 
and the product crystallised from methanol giving a few prisms, m. p. 199—202°, not depressed 
on admixture with the dimethyl ester (XVI). 

Ozonolysis of Methyl Allogibberate-—Methy] allogibberate (1-78 g.) in acetic acid (50 ml.) was 
ozonised at 20° (uptake 1-1 mol.). The mixture was kept with 20% hydrogen peroxide (18 ml.) 
for 66 hr., then worked up as described above for allogibberic acid. The product was separated 
into neutral and acidic fractions in the usual way. The latter crystallised from ether, giving 
fractions of crude 4ba,5,6,7,8,8a-hexahydro-98-methoxycarbonyl-1-methyl-7-oxofluoren-8a8- 
ylacetic acid (XII) 629 mg.), not melting under 230°. Purification‘ gave prisms, m. p. 243 
246° (decomp.), [a],, — 66° (c 1-37). 

Alkaline Hydrolysis of the Acid (XII).—(i) The acid (34 mg.) was boiled with 2N-sodium 
hydroxide (3-5 ml.) for 2hr. After acidification the gummy product (36 mg.) was recovered in 
ether and crystallised from ether, giving a solid (25 mg.), m. p. 208—218°. Recrystallisation 
from ethyl methyl ketone-light petroleum gave prisms (19 mg.), m. p. 247—250° (decomp.), 
identified as the acid (IX), by the infrared spectrum, 

(ii) The acid (0-72 g.) was kept with 20% aqueous potassium hydroxide solution (25 ml.) at 
room temperature for 4 days. The product, isolated.as described previously,‘ was crystallised 
from ether, then fractionally crystallised from ethyl methyl ketone-light petroleum and ether, 
giving (i) large prisms (588 mg.), m. p. 242—255° (decomp.), [a],, —78°, and (ii) small prisms 
(6 mg.), m. p. 210—215° (decomp.), [aJ,,** —101° (c 0-56), which, with diazomethane, gave the 
dimethyl ester (XVI) as prisms, m. p. 204—207°, identified by the infrared spectrum and 
mixed m. p. 

Fraction (i) crystallised from ethyl methyl ketone-light petroleum as prisms, m. p. 252—255° 
(decomp.), {a],,"* —76° (c 0-89) {{M/]; positive Cotton effect curve (600 my) — 300°, (370) — 650°; 
(315, peak) +500°; (270) —9000°}, identified as the acid (IX) by the infrared spectrum. 

The dimethyl ester was a gum, [a],** —53° (c 1-21) (Found: C, 69-3; H, 6-9; OMe, 17-9. 
C,9H.,0, requires C, 69-1; H, 6-7; 20Me, 18-8%). 

Hydrolysis of the Dimethyl Ester of the Acid (IX).—The ester (200 mg.) was hydrolysed with 
2n-sodium hydroxide (20 ml.) for 2 hr. at 100°. The yellow gummy product (0-17 g.) was 
recovered as described above for the ester (XVI); it crystallised from ether as prisms (A) 
[36 mg.; m. p. 240—248° (decomp.)], then needles (B) [42 mg.; m. p. 150—200° (decomp.)], 
and a residue, which crystallised from ethyl acetate as prisms (C) (17 mg.; m. p. 190—200°). 

Fraction (A) crystallised from ethyl methyl ketone in prisms, m. p. 247—250° (decomp.), 
identified as the acid (IX) by mixed m. p. and the infrared spectrum. Fraction (B) crystallised 
from ethyl acetate-light petroleum, giving needles of the 1: 1 mixture of the acids (IX) and 
(X) (see above), identified by the infrared spectrum and specific rotation. Fraction (C) 
crystallised from ethyl acetate—light petroleum in prisms, m. p. 200—204°, of the acid (XVII), 
identified by mixed m. p., infrared spectrum and specific rotation. 

Reduction of the Dimethyl Ester of the Acid ({X).—The above ester (96 mg.) in methanol 
(10 ml.) was treated portionwise with sodium borohydride (49 mg.) in methanol (5 ml.) at 0° 
during 30 min. After 15 min. at 0°, excess of acetic acid was added. Recovery of the product 
as described above for reduction of the ester (XVI) gave a gum (96 mg.), which could not be 
separated into its components on alumina but crystallised from ethyl acetate—light petroleum, 
giving prisms (25 mg.), m. p. 165—167°, raised. to 167—168° by further crystallisation, of 
4ba,5,6,7,8,8a-hexahydro-78-hydroxy-9a-methoxycarbonyl-1-methylfluoren-8a8-ylacetic acid lactone 
(VI) (Found: C, 71-55; H, 6-8; OMe, 11-9. C,,H, O, requires C, 72-0; H, 6-7; OMe, 10-3%), 
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Ymax. 1725, 1595 cm.“ (OH absent). The alcoholic gum (52 mg.), vmax. 3475, 1723 cm.“, recovered 
from the mother-liquor was intractable. 

Alkaline Hydrolysis of Methyl Allogibberate.—The ester {250 mg., m. p. 98—99°, [a],,22 —82° 
(c 0-94)} was hydrolysed with 2N-sodium hydroxide (25 ml.) at 100° for 2 hr. Recovery as 
described for the ester (XVI) above gave a gum (203 mg.). The gum was kept in ether-light 
petroleum at 0°, yielding needles (ca. 1 mg.) of an unidentified product melting at 140—155° to a 
gum which liquefied at 200—205°, v,,,., (broad and ill-defined) ~3350, ~1698, ~1654, 1550 cm."}. 
The residue was distilled on to a cold finger at 10 mm., giving gums (a) bath to 165° (114 mg.), 
fajp2? —149° (c 0-93), essentially the 10a-isomer of allogibberic acid (V) (Found: C, 76-15; 
H, 7:2. C,gH. 0, requires C, 76-0; H, 7-1%), Vmax, 3380 (broad), 1705 cm. (the spectrum was 
distinct from that of allogibberic acid or its hydrate or epiallogibberic acid), and (b) bath to 
220° (48 mg.), material whose infrared spectrum was almost identical with that of fraction (a). 
Neither fraction crystallised. 

Degradation of the Acid (V).—(a) Ozonolysis. The crude acid (0-50 g., [a],, —147°) in acetic 
acid (20 ml.) was ozonised at 20° until absorption became slow (uptake 1-2 mol.). The solution 
was kept with 20% hydrogen peroxide (5 ml.) for 45 hr. Recovery of the product as described 
for allogibberic acid (above) gave a gum which crystallised from ether, yielding fractions 
(i) (75 mg.), m. p. 200—220° (decomp.), softening 180°, and (ii) (81 mg.), m. p. 228—240° 
(decomp.). Fractional crystallisation of the products from ethyl methyl ketone-light petroleum 
and from ethyl methyl ketone-light petroleum-ether gave the acid (IX) as prisms (116 mg.), 
m. p. 249—-251° (decomp.), {],,2* —78° (c 1:16). The infrared spectrum was identical with that 
of authentic material (see above). 

(b) The crude acid (88 mg.) was boiled with 3Nn-hydrochloric acid (4 ml.) for 2 hr. The 
cooled emulsion was extracted: with ether, and the product recovered from the extract was 
distilled on to a cold finger (bath, 130—140°/10 mm.), giving an intractable gum (51 mg.), 
fal," —53° (c 0-99). The infrared spectrum [Vmgx, 3100 (broad), 1736 (5-ring ketone), 1704 
(CO,H) cm.) was almost identical with that of the acidic gum obtained by alkaline hydrolysis 
of methyl gibberate (see below). 

Formation of Anhydrides.—(a) The acid (IX) (30 mg.) was boiled with acetic anhydride 
(0-4 ml.) for 60 min. Evaporation im vacuo gave an intractable gum, Vmax 1809, 1734, 1714 cm. 
with some absorption due to carboxylic OH. 

(6) The acid (IX) (75 mg.) was boiled with acetic anhydride (1-2 ml.) for 2 hr. The gum 
recovered was sublimed at 10™4 mm. (bath-temp. to 220°), and the sublimate (64 mg.) crystallised 
from ethyl acetate-light petroleum, giving (i) prisms (6 mg.), m. p. 283—286° (decomp.), (ii) 
prisms (5 mg.), m. p. 278—285° (decomp.), and intractable fractions with a wide range of m. p. 
Products (i) and (ii) were identified as the anhydride ‘ (XV) by their infrared spectra. 

(c) The acid (X) (39 mg.) was boiled with acetic anhydride (0-6 ml.) for 60 min. Recovery 
gave a solid, m. p. 140—152°, which crystallised from ethyl methyl ketone-light petroleum 
(charcoal) to give the anhydride (XIV) as prisms (29 mg.), m. p. 154—155°, [a],,2* + 190° (c 0-69 
in COMe,) (Found: C, 72-0; H, 5-9. C,,H,,0O, requires C, 71-8; H, 5-7%), vmax. in Nujol 1806, 
1764, 1714 cm. (OH absent) or, in CHCl,, 1816, 1768, 1720 cm.?. In solution the spectrum 
was identical with that of the antipode (XXIII) (see below). 

(d) The acid (XVII) (15 mg.) was boiled with acetic anhydride (0-5 ml.) for 60 min. The 
product, m. p. 145—151°, crystallised from ethyl methyl ketone-light petroleum in prisms 
(11 mg.), m. p. 154°, [a],,2* + 188° (c 0-43 in COMe,), identified as the above anhydride (XIV) by 
mixed m. p. and the infrared spectrum in CHC] . 

Hydrolysis of the Anhydride (XIV).—The anhydride (70 mg.; [a], +190°) was boiled with 
water (8 ml.) for 60 min. The product recovered by ether-extraction crystallised under ethyl 
acetate as prisms (71 mg.), m. p. 203—206°, [a],,24 —73° (c 0-05). Recrystallisation from ethyl 
methyl ketone-light petroleum gave prisms (65 mg.), m. p. 204—206° (yellow at the m. p.), 
a],* —76° (c 1-00), identified as the acid (XVII), by mixed m. p., infrared spectrum, and 
methylation to the dimethyl ester, m. p. 166—169°, [a], —82° (c 0-50 in COMe,) (mixed m. p. 
and infrared spectrum). 

Preparation of Epiallogibbertc Acid (XX) (with Dr. B. E. Cross).—(i) Gibberellic acid 
(19-40 g.) was boiled with 100% hydrazine hydrate (25 ml.) for 26 hr. The mixture was cooled, 
diluted with water (300 ml.), and acidified to pH 2—3 with concentrated hydrochloric acid, 
giving a precipitate which was filtered off. The filtrate (A) was retained. The precipitate 
(7-6 g.) was washed with a large volume of water, then crystallised from methanol, giving 
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prisms (4-62 g.), m. p. >230°, and a residue (B). Recrystallisation of the prisms gave epiallo- 
gibberic acid (4-50 g., 28%), m. p. 244°, [a],24 +87° (c 0-99) (Found: C, 75-9; H, 72%; equiv., 
284. C,,H,,O, requires C, 76-0; H,7-1%; M, 284), vmax, 3400, ~2625 (broad), 1690, 1599 cm.-1, 
Amax. ~261, 266, ~274 (log « 2-40, 2-50, 2-37) in MeOH. 

The methyl ester, prepared with diazomethane, was a gum, [a],,!* + 60° (c 1-05 in N-methanolic 
sodium hydroxide) unchanged after 90 hr. at room temperature (Found: OMe, 11-1. C,,H,,0, 
requires OMe, 10-4%). 

The residue (B) was fractionally crystallised from benzene—methanol and dilute methanol, 
giving a solid (1-51 g.) which crystallised from benzene in plates (1-24 g., 8%) of allogibberic 
acid, m. p. 196—198° (decomp.), [a],,2* —83° (c 1-02), identified by mixed m. p. and the infrared 
spectrum. 

The filtrate (A) was kept at 0° for 7 days, then extracted with ethyl acetate. The gum 
(0-8 g.) recovered from the extract gave epiallogibberic acid (13 mg.) on crystallisation. 

(ii) Gibberellic acid (26-99 g.) was boiled with 100% hydrazine hydrate (54 ml.) for 6 hr. 
Dilution with water (350 ml.) and acidification to pH 3 as described above gave crude 
epiallogibberic acid (6-10 g.) which crystallised from methanol as prisms (2-89 g.), m. p. 244° 
(decomp.). 

The aqueous filtrate was treated with more hydrochloric acid (pH 1—2) and kept at 0° for 
18hr. A mixed fraction (0-3 g.) separated and was removed. The mother-liquor was extracted 
with ethyl acetate (C) and kept at 0° for 5 days. Allogibberic acid (1-04 g.) which separated 
crystallised from ethyl acetate—light petroleum in needles, m. p. 193° (decomp.). 

Recovery from the extract (C) gave a solid (3 g.) which crystallised from ethyl acetate, 
giving materials (a) (2-19 g.), m. p. 187° (decomp.), (b) (502 mg.), m. p. 192—194° (decomp.), 
E}\%, 528 at 253 my, and (c) (25 mg.), m. p. 184—186° (decomp.). Recrystallisation of fraction 
(a) gave 2,7-dihydroxy-1-methyl-8-methylene-10a£-gibba-3,4a(4b)-diene-1,10-dicarboxylic acid 
(II) as needles (2-14 g.), m. p. 191—194° (decomp.), E}%, 579 at 253 muy, identified by the 
infrared spectrum [Found: C, 66-2; H, 65%; equiv., 174. Calc. for C,gH,,0,: C, 65-9; 
H, 6-4%; equiv. (dibasic), 173]. A purer preparation * had m. p. 190—192° (decomp.), E}%, 
640. a 

(iii) Gibberellic acid (250 mg.) and 100% hydrazine hydrate (0-5 ml.) were boiled for 30 min. 
The mixture was cooled, diluted with water (4 ml.), and acidified to pH 2 at 0°, giving a 
precipitate (41 mg.). The filtrate was extracted with ethyl acetate. Recovery from the 
extract gave the acid (II) (93 mg.), E}%,, 364, m. p. 158—160° (decomp.) raised to 186—194° 
(decomp.) by recrystallisation. 

(iv) The acid (II) (0-5 g.) was boiled with 100% hydrazine hydrate (1-5 ml.) for 24 hr. 
Recovery as in (i) gave a solid (339 mg.) from which were isolated epiallogibberic acid (59 mg.), 
m. p. 242—243°, and allogibberic acid (107 mg.), m. p. 189—192°, raised to 193—196° by 
recrystallisation. 

(v) The acid (II) (52 mg.) was boiled with water (25 ml.) for 3 hr. The mixture was cooled 
and filtered, giving allogibberic acid hydrate as needles (35 mg.), softening at ca. 120° and 
melting at 190—194° (decomp.), not depressed on admixture with an authentic specimen. 

(vi) The acid (II) (27 mg.) was dissolved in water (16 ml.) at 30—40° and then cooled to 20°, 
3n-hydrochloric acid (8 ml.) was added. On storage at room temperature for 2 days allo- 
gibberic acid hydrate (18 mg.; m. p. 182—188°) separated. Recrystallisation from benzene 
gave the solvent-free acid, m. p. and mixed m. p. 191—195°. 

(vii) Gibberellic acid (52 mg.) was boiled with water for 12-5 hr. Allogibberic acid hydrate 
(16 mg.) separated; it had m. p. 120—125° with softening and remelting 179—182°, raised to 
188—192° by recrystallisation from benzene. 

Action of Hydrochloric Acid on Epiallogibberic Acid.—Powdered epiallogibberic acid (38 mg.) 
was boiled with hydrochloric acid (5 ml.; 1 vol. of concentrated acid + 5 vol. of water) for 
8 hr. The solid product (34 mg.) crystallised from ethanol, giving epigibberic acid (21 mg.), 
double m. p. 226°, 254°, identified by the infrared spectrum. 

Hydrolysis of Methyl Epiallogibberate——The ester (51 mg.) was boiled with 2Nn-sodium 
hydroxide (5 ml.) for 2 hr. Acidification gave a precipitate (41 mg.), m. p. 247° (decomp.), 
which, crystallised from methanol, yielded epiallogibberic acid as prisms (31 mg.), m. p. 238— 
240° (decomp.), [a],,2* +88° (c 1-06), identified by the infrared spectrum. Epiallogibberic acid 
was stable to boiling 2N-sodium hydroxide for 2 hr. 

Hydrogenation of Epiallogibberic Acid.—(i) The acid (284 mg.) in acetic acid (30 ml.) was 
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shaken with hydrogen at room temperature and pressure in the presence of Adams catalyst 
(60 mg.) (uptake 1-0 mol. in 20 min.). Recovery gave a solid which was separated by crystal- 
lisation from toluene—acetone into (a) crystals (246 mg.; m. p. 200—205°, softening at 180°) 
and (b) a more soluble residue (31 mg.), m. p. 150—175°. 

Crystallisation of product (a) from toluene, then from dilute methanol, gave prisms (61 mg.) 
of dihydroepiallogibberic acid, m. p. 234—236°, [a],,2* +90° (c 1-16) (Found: C, 75-6; H, 7-8%; 
equiv., 291. C,,H,,O, requires C, 75-5; H, 7-7%; M, 286), vmax, 3430, ~2400, 1693 cm.*. 

Crystallisation of product (b) and material from the toluene mother-liquor from product 
(a), from benzene and benzene-light petroleum (b. p. 60—80°), gave the epimeric dihydroepi- 
allogibberic acid as needles (40 mg.), double m. p. 60—70° (loss of solvent), 178—180°, {a],,2* +-42° 
(c 0-80) (Found: C, 75-6; H, 7-7%; equiv., 277), vmax, 3465, 3280, 1706, 1684 cm.}. 

(ii) The acid (284 mg.) in ethyl acetate (100 ml.) was hydrogenated in the presence of 10% 
palladium—carbon (250 mg.) (absorption 1-1 mol. in 4-5 hr.). The recovered product crystal- 
lised from ethyl acetate—light petroleum in prisms (263 mg.) of the dihydroepiallogibberic acid, 
m. p. 230—233°. 

Attempted Oxidation of Dihydroepiallogibberic Acid, m. p. 234°.—A solution of the compound 
(51 mg.) in sodium hydrogen carbonate solution (0-6 ml.) and water (0-16 ml.) was treated 
portionwise with 1% potassium permanganate solution (2-5 ml.) at 0—5° during 60 min. After 
15 min. at 0° sulphur dioxide was passed into the mixture. Acidification of the solution with 
hydrochloric acid precipitated starting material (38 mg.; m. p. 220—227°) which crystallised 
from ethyl acetate—light petroleum in prisms, m. p. 222—226°. 

Epigibberic acid was also stable to oxidation under these conditions. . 

Ozonolysis of Epiallogibberic Acid.—(i) The compound (500 mg.) in acetic acid (20 ml.) was 
ozonised (uptake 1-5 mol.) at 20° for 30 min. The solution was diluted with water (20 ml.), 
kept at room temperature for 30 min., and steam-distilled. With saturated aqueous dimedone 
the distillate gave the methone of formaldehyde (230 mg., 0-45 mol.), m. p. and mixed m. p. 
187—188°. 

The gum (0-5 g.) recovered in ether from the involatile fraction was intractable. Methyl- 
ation with diazomethane followed by crystallisation from methanol and chromatography gave 
needles (52 mg. of m. p. 163—164°; 22 mg. of m. p. 155—158°) of an ester (XXIV) (see ii, 
below). 

(ii) The compound (2-0 g.) in acetic acid (120 ml.) was ozonised as described above (uptake 
0-9 mol.), and the solution was kept with 20% hydrogen peroxide (20 ml.) for 88 hr. Recovery 
from the extract, after removal of peroxides (see above), gave a gum (1-77 g.). The solid 
(810 mg.; m. p. 188—196°) obtained by trituration of the gum with ethyl acetate crystallised 
in prisms (603 mg.) of 98-carboxy-4b8,5,6,7,8,8a-hexahydro-1-methyl-7-oxofluoren-8af-ylacetic acid 
(XIX), m. p. 196—200°, raised to 206—207° by recrystallisation from ethyl methyl ketone— 
light petroleum, [aJ,,** +77° (c 1-09), [a),** +46° (c 1-05 in 1-94nN-NaOH) [Found: C, 67-75; 
H, 615%; equiv., 155. C,,H,,O, requires C, 67-5; H, 6-0%; equiv. (dibasic), 151]. The 
infrared spectrum (Vmax, ~3050, ~2570, 1717, 1701 cm.~1) was identical with that of the antipode 
(XVII) prepared from allogibberic acid (above). 

The acid was stable to boiling 2N-sodium hydroxide for 2 hr. 

The dimethyl ester (XXIV), prepared with diazomethane, crystallised from methanol in 
needles and prisms, m. p. 168—169°, [a},,24 + 80° (c 0-40), +79° (c 0-56 in COMe,) (Found: C, 69-3; 
H, 7-0; OMe, 18-7. C,,H,.O, requires C, 69-1; H, 6-7; 20Me, 188%). The infrared spectrum 
[Ymax, in Nujol 1735 (broad), 1696 cm.? (OH absent); in CCl, 1741, 1719 cm.~?] was identical 
with that of the ester prepared as in (i) above and with the antipodal ester from the acid (XVII). 

Action of Sodium Methoxide on the Estey (XXIV).—The ester (72 mg.) and sodium (7-5 mg., 
1:5 g.-atom) in methanol (J-0 ml.) were heated under reflux for 1 hr. The solid dissolved 
slowly. On cooling, starting material (42 mg.) separated having m. p. 167—169°, {a],,** + 76° 
(c 0-84 in COMe,). 

The residue obtained by evaporation of the mother-liquor in vacuo was dissolved in water 
(2 ml.), and the solution was acidified. Ether-extraction gave an intractable gum (24 mg.), 
Vmax, 1725 (broad) cm. (some carboxylic hydroxyl, but no alcoholic hydroxy]). 

Action of Aqueous Alkali on the Ester (XXIV).—The ester (500 mg.) was boiled with 2N- 
sodium hydroxide (100 ml.) for 2-5 hr. The acidic gum (0-45 g.) recovered as described above 
for the ester (XIII) crystallised from ether, yielding prisms (201 mg.) of 9a-carboxy-4b8,5,6,7,8,8a- 
hexahydro-1-methyl-7-oxofluoren-8aB-ylacetic acid (XXVI), m. p. 218—220° (from ethyl 
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methyl ketone-light petroleum), [a),** —25° (c 1-09), [a),2* —48° (c 0-75 in 1-9N-NaOH), 
unchanged after 24 hr. at room temperature [Found: C, 67-6; H, 625%; equiv., 145, 
C,,H,,0, requires C, 67-5; H, 6-0%; equiv. (dibasic), 151). 

The dimethyl ester (XXVII), prepared with diazomethane, was a gum, [a]),,** —57° (c 1-10) 
(Found: OMe, 18-1. C, ,H,,0, requires OMe, 18-8%). 

The infrared spectra of the acid, and its dimethyl ester in CCl, were identical with those 
of the respective antipodes derived from allogibberic acid. 

A portion (0-2 g.) of the gum recovered from the ethereal mother-liquor (above) crystallised 
from ethyl acetate, giving prisms (85 mg.), m. p. 188—196°. Recrystallisation from ethyl 
acetate and from ethyl methyl ketone-light petroleum gave prisms (36 mg.), m. p. 205—207° 
(yellow at the m. p.), {aJ,,2* +78° (c 0-87), identified as the acid (XIX) by the infrared spectrum, 
mixed m. p., and formation of the dimethyl ester (XXIV), m. p. 168°, [a], +79°. 

Reduction of the Ester (XXIV).—(a) With sodium borohydride. Reduction of the ester 
(100 mg.) with sodium borohydride (50 mg.) as for the dimethyl ester of the acid (IX) gavea 
gum (99 mg.). This was chromatographed in ether on alumina (13 x 1-5 cm.), and the column 
was eluted with 10 ml. portions of ether. 

Fraction (ii) (45 mg.) crystallised from ether—light petroleum, giving prisms (35 mg.) of 
alcohol C, methyl 4b6,5,6,7,8,8a-hexahydro-7§-hydroxy-98-methoxycarbonyl-1-methylfluoren-8ag- 
ylacetate, m. p. 95—96° (Found: C, 68-8; H, 7-3; OMe, 18-2. C,,H,,0, requires C, 68-65; 
H, 7:3; 20Me, 18°7%), vmax, 3570, 1724, 1708, 1598 cm.“ (in CCl, 3520, 1735 cm.~4). 

Fractions (iv—vii) (25 mg.) crystallised from ethyl acetate—light petroleum in needles 
(16 mg.), m. p. 134°, [a,,** + 107° (c 0-57), of alcohol D, the 7-epimer (Found: C, 68-3; H, 7-2; 
OMe, 18-8%), Vmax. 3390, 1732, 1598 cm.*1. 

(b) Catalytic hydrogenation. The ester (252 mg.) in acetic acid (25 ml.) was shaken with 
hydrogen at room temperature and pressure in the presence of Adams catalyst (100 mg.) 
(absorption ca. 2 mol. in 24 hr.). Recovery gave a gum (0-25 g.). This (0-22 g.) was 
chromatographed in ether on alumina (15 x 1-2 cm,) and was eluted with 10 ml. portions of 
ether. 

Products (ii—iii) (25 mg.) crystallised from ether-light petroleum, giving prisms (15 mg.) of 
methyl 4b8,5,6,7,8,8a -hexahydro-98 -methoxycarbonyl - 1-methyl fluoren-8a8-ylacetate (XXVIII), 
m. p. 121—125° (Found: C, 71-85; H, 7-7; OMe, 19-2. Cy, 9H,,O, requires C, 72-1; H, 7-65; 
20Me, 19-6%), Vmax. 1727, 1595 cm.“? (OH absent). 

Products (iv—vi) (144 mg.) crystallised from ether-light petroleum, giving prisms (115 mg.), 
m. p. 96°, identical with alcohol C obtained as in (a) above. 

Products (viii—xii) (21 mg.) crystallised from ether-light petroleum in needles (5 mg.) of 
alcohol D, m. p. 133—135°. 

Reduction of the Estey (XXVII).—The ester (212 mg.) was reduced with sodium borohydride 
(111 mg.) as described above, giving a gum (204 mg.) which was chromatographed in ether on 
alumina (28 x 1-2.cm.). The column was eluted with 10 ml. portions of solvent, and similar 
fractions were combined, giving the following main fractions (eluants in parentheses): (i—iv) 
(ether) a gum (1-6 mg.); (v—ix) an unidentified solid, m. p. 99—116° (2-5 mg.); (x—xvi) 
(ether—-methanol, 50:1), no product; (xvii—xxi) a gum (0-10 g.); (xxii), a gum (13 mg.); 
(xxiii—xxvi), a gum (44 mg.). 

The product from fractions (xvii—xxi) did not crystallise and consisted essentially of 
alcohol E, methyl 4b8,5,6,7,8,8a-hexahydro-7&-hydroxy-9a-methoxycarbonyl-1-methylfluoren-8a8- 
ylacetate, {a),,'° —39° (c 1-06) (Found: C, 68-1; H, 7-3; OMe, 18-0. C,,H,,O, requires C, 68-65; 
H, 7:3; 20Me, 18-7%), vmax, 3435, 1731, 1599 cm.7}. 

The gummy product from fractions (xxiii—xxvi), [a),!® +8° (c 0-60), is considered to 
consist essentially of the 7-epimer (F) (Found: OMe, 18-3%). The infrared spectrum (Vmax 
3410, 1735, 1595 cm.) was distinct from that of alcohol (E). 

Dehydration of the Acids (XIX) and (XXVI).—(a) The acid (XIX) (99 mg.) and acetic 
anhydride (1-8 ml.) were boiled for 1 hr. Evaporation in vacuo gave a solid which crystallised 
from ethyl methyl ketone-light petroleum as prisms (70 mg.) of the anhydride (XXIII), m. p. 
154—155°, [a],,2* — 191° (c 0-87 in COMe,) (Found: C, 72-1; H, 5-7. C,,H,,0, requires C, 71:8; 
H, 5:7%). The infrared spectrum in CHCl, was identical with that of its antipode (XIV) 
obtained by degrading allogibberic acid. The compound was dimorphic; in Nujol mull some 
specimens had vinqx. identical with that of the antipode (see above); in others the spectrum was 
distinct (vmx 1817, 1768, 1718 cm.~), 
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(b) The acid (XXVI) (42 mg.) was boiled with acetic anhydride for 1 hr. as described above. 
Crystallisation of the product (m. p. 143—149°) gave prisms (30 mg.) of the anhydride (XXIII), 
m. p. 154—155°, [a],,2* — 189° (c 0-42 in COMe,). 

Hydrolysis of the Anhydride (XXIII).—(a) The anhydride (37 mg.) was warmed at 50—60° 
with 2N-sodium hydroxide (1-0 ml.) until it dissolved (ca. 1 min.). Acidification and recovery 
of the product gave a solid (36 mg.), m. p. 196—202°, [aj,** +73° (c 1-02), which crystallised 
from ethyl methyl ketone-light petroleum in prisms (26 mg.) of the acid (XIX), m. p. 203— 
205°, [a],2* +76° (c 1-40). 

(b) The anhydride (20 mg.) was boiled with water (2 ml.) for 1 hr. Recovery in ether gave 
the acid (XIX), m. p. 200—203°, [a],,*> +74° (c 1-02). 

Oxidation of Methyl Epiallogibberate.—(i) Ozonolysis. The ester (484 mg.) in acetic acid 
(20 ml.) was ozonised at 20° as described above. The solution was diluted with water (20 ml.), 
kept at 0° for 40 min., and steam-distilled. The methone of formaldehyde (226 mg., 0-47 mol.) 
was obtained by treatment of the distillate with dimedone. 

The involatile portion was concentrated in vacuo and extracted with ethyl acetate. The 
extract was washed with sodium carbonate solution (A), 1% sodium hydroxide solution, and 
water, then dried, and the neutral product (256 mg.) was recovered as an intractable gum. 

The solution (A) was acidified. Recovery of the product by extraction with ethyl acetate 
gave a gum (169 mg.) which was extracted with boiling light petroleum (b. p. 80—100°) and 
carbon tetrachloride (residue 24 mg.). The material recovered from the extracts was sublimed 
in vacuo and crystallised several times from ether-light petroleum, giving (a) semicrystalline 
gums, (b) impure product (6 mg.), m. p. 125—130°, and (c) plates and prisms (25 mg.) of 
4b8,5,6,7,8,8a-hexahydro-98-methoxycarbonyl-1-methyl-7-oxo fluoren-8aB-ylacetic acid (XXV), 
m. p. 130—132°, {a],24 + 74° '(c 0-73) {{M]; positive Cotton effect curve (600 my), +200°; 
(307-5, peak) +3350°; (275, trough) +1350°; (262-5) +1950°} (Found: C, 68-4; H, 6-5; OMe, 
10-3%; equiv., 323. C,,H,.O; requires C, 68-3; H, 6-4; OMe, 9:8%; M, 316), vmnax, 3100—2500, 
1740, 1725 (sh), 1696 cm. (in CHCl,, 1726—1713 cm.*4). 

Methylation gave the dimethyl ester (XXIV), m. p. 166—168°, [a|,, +-79°, identical with 
material obtained by other methods (above). 

(ii) Methyl epiallogibberate (180 mg.) was kept with pyridine (160 mg.) and osmium 
tetroxide (200 mg.) in benzene (ca. 10 ml.) in the dark for 11 days. The black crystalline 
osmiate was filtered off, washed with benzene, and shaken with a 10% solution of mannitol in 
1% aqueous potassium hydroxide (25 ml.) for 25 min. The organie layer was washed with 
water, dried, and evaporated, giving a gum (150 mg.). Crystallisation from ethyl acetate-light 
petroleum (b. p. 60—80°) gave prisms (118 mg.) of the glycol (XXII), m. p. 79—81°, raised to 
84—86° by recrystallisation (Found: C, 64-9; H, 7-3. C,,H,,0;,H,O requires C,65-1; H, 7-5%), 
Vmax, 3510, 3330, 1739, 1633 (?H,O) cm.*}. 

The glycol (33 mg.), ‘‘ AnalaR ’’ sodium bismuthate (60 mg.), and acetic acid (1-2 ml.) were 
shaken together at room temperature until the reagent was consumed. Three more 20 mg. 
portions of bismuthate were added during ca. 20 hr. The mixture was diluted with water and 
extracted with ether. The extract was washed with water, and the gummy product (30 mg.), 
recovered in ether, was separated (in ethyl acetate; sodium carbonate extraction) into an 
intractable neutral fraction (11 mg.) and an acidic fraction (18 mg.). 

The acidic fraction was sublimed at 150°/10? mm. and crystallised from ether-light 
petroleum in prisms (6 mg.), m. p. 130—132°, identical (mixed m. p. and infrared spectrum) with 
the acid ester (X XV) obtained as in (i) above. 

Alkaline Hydrolysis of the Acid Ester (XXV).—The above acid ester (67 mg.) was heated 
under reflux with 2N-sodium hydroxide (7 ml.) for 2 hr. The solution was washed with ether 
and acidified and the prodtct (68 mg.), recovered in ether, was treated with ether, giving gums 
and prisms (34 mg.) which from ethyl methyl ketone-light petroleum gave the acid (XXVI) 
(27 mg.), prisms, m. p. 216—217°, [a]? —24° (c 0-46), identical with material prepared by 
hydrolysis of the dimethyl ester (XXIV) (above). 

Material from the ethereal mother-liquor crystallised from ethyl acetate as prisms (15 mg.), 
m. p. 180—195°, [a),2* +46°’(c 0-82). Recrystallisation from ethyl methyl ketone-light 
petroleum gave prisms (8 mg.), m. p. 200—-203°, [a], +66° (c 0-53), consisting essentially of 
the acid (XIX). 

Methylation and crystallisation of the product from methanol gave needles (5 mg.), m. p. 
166—168°, [a],,’° +77° (c 0-17), identified as the dimethyl ester (XXIV), by mixed m. p. and 
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infrared spectrum. The specific rotations of the crude crystalline fractions showed that the 
ratio of the acids (X XVI: XIX) formed was ca. 3: 1. 

Action of Alkali on Methyl Gibberate-—(a) The ester (53 mg.) was boiled with 2n-sodium 
hydroxide (5 ml.) for 2 hr. and, after cooling, the solution was washed with ether and acidified, 
The gummy product (47 mg.), recovered in ether, consisted essentially of the 10«-isomer of 
gibberic acid, [a),2* —62° (c 1-25) (Found: C, 76-1; H, 7-45. C,sH, 90, requires C, 76-0; H, 
7°1%), Vmax. ~3100 (broad), 1736, 1704 cm.*. 

(b) The ester {500 mg., {a],,2* —4° (c 1-15)} was kept with 0-8n-methanolic sodium hydroxide 
(40 ml.) for 15 hr., {«],, being measured at intervals (6 min., —9°; reaching —49° in 210 min), 
After dilution with water the neutral product, recovered in ether, was a gum (457 mg.), [a], 
—54° (c 0-99). The gum (0-44 g.) was chromatographed in benzene on alumina (22 x 2-0 cm.) 
and was eluted with 100 ml. portions of benzene—methanol (50:1). Fractions (v—xiii) (190 mg.) 
were twice distilled (bath 120°, 10“ mm.; and bath 170°/10 mm.), giving a syrup consisting 
essentially of the 10«-isomer of methyl gibberate, {«],,1® —59° (c 0-54) (analyses erratic) (Found: 
C, 79-6, 74:8, 75-4; H, 7-4, 7-5, 7-5; OMe, 9-85. C,,H,,0, requires C, 76-5; H, 7-4; OMe, 
10-4%), Vmax, 1736 (broad and intense), 1600 cm.!; the spectrum was distinct from that of 
methyl gibberate. Attempts to prepare a crystalline oxime failed. 

Methyl dehydrogibberate, prepared by the action of diazomethane on dehydrogibberic acid,® 
was a gum (Found: OMe, 10-1. (C, ,H,.O; requires OMe, 10-5%). 

This ester (80 mg.) was heated under reflux with 2N-sodium hydroxide (7 ml.) for 2hr. The 
solution was washed with ether, acidified, and kept at 0°, yielding prisms (50 mg.), which, 
crystallised from dilute methanol, gave dehydrogibberic acid, m. p. 222° (decomp.), {a],,2° + 101° 
(c 0-46), identified by the infrared spectrum. 

Hydrolysis of Methyl Epigibberate.—This ester (50 mg.) was boiled with 2N-sodium hydroxide 
(5 ml.) for 2 hr. The product (42 mg.; m. p. 247—250°) which separated on acidification 
crystallised from dilute ethanol in prisms (41 mg.) of epigibberic acid, m. p. 249—251°, {a],* 
+127° (c 1-16). In N-methanolic sodium hydroxide, methyl epigibberate had [a),’® + 122° 
(c 1-05), unchanged after 90 hr. at room temperature. Epigibberic acid was stable to boiling 
2n-sodium hydroxide for 2 hr. 


The authors are indebted to Dr. W. Klyne and Mr. P. M. Jones for the optical rotatory 
dispersion measurements, to Dr. L. A. Duncanson and Mr. M. B. Lloyd for some of the infrared 
spectra, to their colleagues and particularly to Dr. Klyne for helpful discussion, and to Messrs. 
A. Morrison, P. Tomkins, and A. J. Turner for technical assistance. 
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606. Gibberellic Acid. Part XIII.* The Structure of Ring a. 
By B. E. Cross. 


Degradative and spectroscopic evidence is presented which shows that 
gibberellic acid is 2,4a,7-trihydroxy-1-methyl-8-methylenegibb-3-ene-1,10- 
dicarboxylic acid 1 4a-lactone * (I; R = H) and gibberellin A, is 2,4a,7-tri- 
hydroxy-1-methyl-8-methylenegibbane-1,10-dicarboxylic acid 1 4a-lactone 
(V; R =H) as proposed by Cross e¢ al.1 Structure (XX) advanced by 
Takahashi e¢ al.? for ring a of gibberellic acid is therefore untenable. 


GIBBERELLIC ACID is formulated as 2,4a,7-trihydroxy-1-methyl-8-methylenegibb-3-ene- 
1,10-dicarboxylic acid 1>4a-lactone ¢t (I; R =H). The evidence on which this structure 
rests, briefly reported elsewhere,’ is extended and described in detail in this paper. 
Gibberellic acid is a tetracyclic dihydroxy-acid containing a y-lactone ring and two double 
bonds,’ one of which is present as a terminal methylene group since methyl gibberellate 
gave 0-48 mol. of formaldehyde on ozonolysis. On mild treatment with acid, gibberellic 


* Part XII, preceding paper. t+ For nomenclature see Part XII. 

1 Cross, Grove, MacMillan, Moffatt, Mulholland, Seaton, and Sheppard, Proc. Chem. Soc., 1959, 302. 
2 Takahashi, Seta, Kitamura, and Sumiki, Bull. Agric. Chem. Soc. Japan, 1958, 22, 432. 

* Cross, J., 1954, 4670. 
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acid yields allogibberic acid, C,gH,,03, which under more vigorous conditions is jsomerised 
to gibberic acid. Allogibberic and gibberic acid have been shown *® to have structures 
(II) and (III; R = H) respectively. 

The free carboxyl group of gibberellic acid is attached to the nucleus at the same point 
as in gibberic and therefore in allogibberic acid since methyl gibberellate yields methyl 
gibberate (III; R = Me) with boiling mineral acid (cf. Kawarada et al.*). The easy, 
acid-catalysed aromatisation of ring A with the concomitant loss of carbon dioxide and 
water suggests that the lactone ring and one hydroxyl group are attached to ring A. 
Several attempts to open the lactone ring of gibberellic acid with hydrazine failed. When 
gibberellic acid was treated with hydrazine in boiling ethanol stereospecific reduction 
occurred, giving tetrahydrogibberellic acid * (IV; R = H), but no reaction took place 
when the mixture was left at room temperature for four days.? On the other hand, with 
hydrazine hydrate at 150° gibberellic acid gave gibberellenic acid, allogibberic acid (II), 
and its 4b-epimer epiallogibberic acid.8 Controlled catalytic reduction of methyl 
gibberellate with 0-95 mol. of hydrogen gave ® an uncharacterised acid and as the main 
neutral product gibberellin A, methyl ester (V; R = Me) which is known to retain the 
terminal methylene group since it yielded formaldehyde on ozonolysis. Hydrogenation 
of methyl gibberellate until uptake ceased, in presence of Adams catalyst in methanol or 
palladised charcoal in ethyl acetate, gave in 30—70% yield a mixture of acids formed by 
hydrogenolysis of the lactone ring. The high yield of acidic products suggests that the 
oxygen of the y-lactone in gibberellic acid is allylic to a double bond. The neutral product 
was a mixture of the 8-epimers (IV; R = Me) which was not resolved by crystallisation 
but was separable by chromatography on alumina into methyl tetrahydrogibberellate, 
m. p. 271—272°, identical with the methyl ester of the tetrahydro-acid obtained by 
hydrazine reduction, and the 8-epi-ester, m. p. 233—236°. Oxidation of methyl tetra- 
hydrogibberellate (IV; R = Me) with chromic oxide—pyridine or with chromic oxide in 
acetic acid afforded the monoketone (VI), m. p. 161—163°. Similarly oxidation of the 8- 
epi-ester gave an isomeric ketone (VI), m. p. 131—133°. These ketones were most 
readily prepared by oxidation of the epimeric mixture of methyl tetrahydrogibberellates 
with chromic oxide in acetone containing sulphuric acid, the mixed ketones obtained 
being separated by fractional crystallisation. It follows that one of the hydroxyl groups 
in gibberellic acid is secondary; the other is considered to be tertiary. This conclusion 
is in agreement with the acetylation of gibberellic acid and its reduction products. 
Gibberellic acid readily yielded a monoacetyl derivative * and on longer acetylation a 
diacetate.° Acetylation of methyl tetrahydrogibberellate gave a mono- and a di- 
acetate, m. p. 213—216°. Prolonged acetylation of the 8-epi-ester gave a diacetate, 
m. p. 184—186°. The higher- and the lower-melting diacetate were identical with the 
two diacetyldihydrogibberellin A, methyl esters, m. p. 210—212° and m. p. 175—176° 
respectively, samples of which were kindly supplied by Professor Sumiki.™ 

Both gibberellic and allogibberic acid have a tertiary hydroxyl and a terminal methylene 
group, and carry a carboxyl group on ring B, and it was suggested in 1956 2 that these two 
compounds have the same B-C—D ring structure. This conclusion is supported by the 


* It is proposed to call this compound, tetrahydrogibberellic acid, and to distinguish the 8-epimer 
by the prefix 8-epi. : 

4 Mulholland, /J., 1958, 2693. 

® Cross, Grove, MacMillan, and Mulholland, J., 1958, 2520. 

®° Kawarada, Kitamura, Seta, Takahashi, Takai, Tamura, and Sumiki, Bull. Agric. Chem. Soc. Japan, 
1955, 19, 278. 

7 Cf. Hanus and Vorisek, Coll. Czeck. Chem. Comm., 1929, 1, 223; Vorisek, Chem. Listy, 1934, 28, 57. 

® Grove and Mulholland, preceding paper. 

® Grove, Jeffs, and Mulholland, J., 1958, 1236. 

1° Cf. Moffatt and Radley, J. Sci. Food Agric., in the press. 

1 Kitamura, Seta, Takahashi, Kawarada, and Sumiki, Bull. Agric. Chem. Soc. Japan, 1957, 21, 71; 
Sumiki, ibid., 1959, 28, 408. 

12 Cross, Grove, MacMillan, and Mulholland, Chem. and Ind., 1956, 954. 
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ozonolysis of methyl gibberellate (see below) and by the degradation of gibberellin A, 
methyl ester to 8-methylfluoren-2-ol by the sequence, (V; R = Me) —» (X) —» (XI: 
R = H) —» (IX; R = H, R’ = OH).*® 
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Further, the Japanese workers have reported that gibberellin A,‘ and its methyl 
ester ® undergo the same acid-catalysed rearrangement of rings C/D as allogibberic acid 
does, giving as the main product gibberellin C and in very low yield an uncharacterised 
compound, m. p. 255—257° (decomp.). We have confirmed this result. The main product 
from this Wagner—Meerwein rearrangement ™ is the 5-ring keto-acid (VII; R = H) which 
has carbonyl absorption in dioxan at 1777 (y-lactone), ~1742 (5-ring ketone), and 
1730 cm. (CO,H) and is identical with a specimen of gibberellin C for which the author is 
indebted to Professor Sumiki. The other product is an isomeric keto-acid, m. p. 268— 
270° (decomp.), more readily isolated as its methyl ester. 

The methyl group has been shown “5 to be attached to ring A at position 1 in allogibberic 
and gibberic acid. The following evidence shows, not only that this group is also at the 
same position in gibberellic acid, but also that the secondary hydroxyl group is at position 2. 
Dehydrogenation of gibberellic acid with palladised charcoal and with selenium yielded 
gibberone ® (XII) and 1,7-dimethylfluorene 1* (IX; R = H, R’ = Me) respectively. The 
keto-acid (VII; R = H) with chromic oxide—acetone-sulphuric acid gave in high yield the 
diketone (VIII) which on dehydrogenation with selenium gave 1,7-dimethylfluoren-2-ol 
(IX; R = OH, R’ = Me), whose structure was established by direct comparison with a 
specimen prepared by unambiguous synthesis !” (cf. Seta et al.). 

Attempts to oxidise the secondary hydroxyl group in methyl gibberellate and gib- 
berellin A, methyl ester with chromic oxide, and in the former by the Oppenauer reaction, 
gave intractable products. The difficulties with chromic oxide were probably due to 
oxidative attack on the terminal methylene group and consequently it was removed. 
Methyl gibberellate with one mol. of ozone at —70° yielded the ketol (XIII) and the keto- 
acid (XIV; R = H), the latter being also obtained by periodate oxidation of the former. 

18 Seta, Kitamura, Takahashi, and Sumiki, Bull. Agric. Chem. Soc. Japan, 1957, 21, 7 

1 Takahashi, Seta, Kitamura, Kawarada, and Sumiki, Bull. Agric. Chem. Soc. Japan, > 057, 21, 75. 

18 Takahashi, Kitamura, Kawarada, Seta, Takai, Tamura, and Sumiki, Bull. Agric. Chem. Soc. Japan, 
a nm and Ward, J., 1954, 4676. 

17 Cross and Melvin, followi ing paper. 


18 Seta, Takahashi, Kitamura, Takai, Tamura, and Sumiki, Bull. Agric. Chem. Soc. Japan, 1958, 22, 
61. 
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The spectral data for these compounds (see p. 3032) are consistent with the structures 
assigned. Rearrangement in ring A had not occurred during the isolation of the keto-acid 
(XIV; R = H) because hydrogenation of the dimethyl ester (XIV; R = Me) gave the 
saturated ester (XI; R = Me) identical with a specimen obtained by methylating the 
acidic ozonolysis product of gibberellin A, methyl ester (cf. ref. 18), and treatment of the 
dimethyl ester (XIV; R = Me) with boiling dilute mineral acid aromatised ring a and 
gave the keto-ester (XV) previously prepared from allogibberic acid.‘ 
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With chromic oxide—acetone-sulphuric acid the ketol (XIII) gave a compound. (XVI) 
having Amax. 229 my (¢ 7050). This formulation is also supported by infrared carbonyl- 
absorption in chloroform solution at 1788 (y-lactone), 1751 (5-ring «-ketol), 1745 (ester), 
and 1700 cm.-? (CH=CH-C=0). Similarly, although the keto-ester (XIV; R = Me) with 
chromic oxide in pyridine gave a gum showing no maximum in the ultraviolet spectrum, with 
manganese dioxide it gave the «f-unsaturated ketone (XVII) (Amax, 229 my; e 7500). 
Hence ring A of the ketol (XIII) ard of the keto-ester (XIV; R = Me) contains an allylic 
hydroxyl group. This is not in agreement with an earlier failure to oxidise methyl 
gibberellate with manganese dioxide,’ but it has now been found that another sample of 
manganese dioxide (prepared by the method of Mancera, Rosenkranz, and Sondheimer, ”°) 
oxidises methyl gibberellate in chloroform to the «$-unsaturated ketone (XVIII) (Amx 
228 mu; ¢ 9700) so that there can be no doubt that ring A contains the grouping 
CH=CH-C-OH. Hydrogenation of the unsaturated ketone (XVIII) with a palladised 
charcoal catalyst gave the two 8-epimeric ketones (VI), previously obtained by oxidation 
of methyl tetrahydrogibberellate and its 8-epimer. This showed that no rearrange- 
ment had taken place during the formation of the unsaturated ketone (XVIII). 
In contrast to the oxidation of the mixed tetrahydro-compounds (IV) which gave the 
epimeric ketones (VI) in about equal amounts, hydrogenation of the ketone (XVIII) gave 
about 22 parts of the ketone of m. p. 131—133° to 1 part of its isomer. Thus, under the 
conditions used, the hydrogenation of (XVIII), unlike that of methyl gibberellate (I; R = 
Me), was almost stereospecific at position 8. 

The degradative evidence leaves only two possible structures for ring A of gibberellic 
acid, namely, (I; R = H) and (XIX). In confirmation, the nuclear magnetic resonance 
spectra of methyl gibberellate and its reduction products and derivatives indicate 1! a 
tertiary methyl group. Structure (XX), advanced by the Japanese workers ? for ring A 
of gibberellic acid is inconsistent with both the degradative evidence and the nuclear 
magnetic resonance. Structure (XIX) can be eliminated because in dilute acid solution 
gibberellic acid yields the heteroannular diene, gibberellenic acid (XXI).1-22_ Gibberellic 
acid must therefore have structure (I; R = H), and gibberellin A, structure (V; R = H). 
The exclusion of structure (XIX) for ring A is supported by further evidence. When the 

#® Cross, Grove, MacMillan, Mulholland, and Sheppard, Proc. Chem. Soc., 1958, 221. 

2° Mancera, Rosenkranz, and Sondheimer, J., 1953, 2189. 


*t Sheppard, /., 1960, 3040. 
2 Moffatt, J., 1960, 3045. 
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keto-ester (VII; R = Me) was boiled with methanolic hydrogen chloride the lactone ring 
was opened without the adition of oxygen to give a dimethyl ester (XXII; R = H, OH) 
which failed to take up hydrogen on attempted hydrogenation. However, the ester gave a 
yellow colour with tetranitromethane and a comparison of its ultraviolet absorption 
(c 5300 and 2830 at 215 and 220 my respectively) with that of (VII; R = Me) (ce 290, 260) 





co 
NN 
HO S) } wol£SI} HO OH 
Me M 
. HO,C Me CH, 
(XIX) (XX) CO,H (XX) 


showed that it contains a tetrasubstituted double bond. The dimethyl ester (XXII; R= 
H, OH) retains a secondary hydroxyl group but is not an allylic alcohol, as would be 
expected for a structure derived from (XIX) for ring A of gibberellic acid, because it was 
not oxidised by a sample of manganese dioxide which oxidised methyl gibberellate to 
(XVIII) and because the derived diketone (XXII; R =O) is not an af-unsaturated 
ketone. Similarly treatment of methyl gibberellate with boiling methanolic hydrogen 
chloride gave, in addition to methyl gibberate and methyl epigibberate, the dimethy] ester 
(XXIII), providing further support for structure (I; R = H) for gibberellic acid. 


ser ve: LEQ» 


MeO.C Me MeO,C Me 
CO,Me 


(XXII) (XXII) (XX IV) 














In a further attempt to determine the position of the lactone carboxyl group the effect 
of acid on the potential $-keto-acid (VI), m. p. 161—163°, was examined. The ketone 
(VI) was only slowly attacked in dilute acid; in strong acid the lactone ring was eliminated 
but dehydration also occurred and the product was the «$-unsaturated ketone (XXIV).* 

Gibberellic acid consumed two mol. of dilute alkali at room temperature (cf. ref. 3) and 
yielded an amorphous dicarboxylic acid, C,)H,,0,,H,O, which was readily oxidised by 
periodate. Methylation of the dicarboxylic acid yielded a crystalline dimethyl ester, 
C,,H,,0,, which on hydrogenation gave a tetrahydro-compound. Both the dimethyl 
ester, C,,H,,0,, and its tetrahydro-derivative rapidly consumed about one mol. of periodate. 
The former was also readily oxidised by lead tetra-acetate and more slowly by sodium 
bismuthate. With all three oxidants the product from the dimethyl ester, C,,H,,0,, was 
the same, a crystalline compound, C,,H,,0,, which however showed neither aldehydic nor 
ketonic properties (negative o-dianisidine and Schiff’s test; reduced hot Fehling’s solution 
very slowly; in 0-0l1m-solution no ultraviolet maximum above 210 my; no carbonyl 
derivatives). Nevertheless, the fission by glycol-splitting reagents and consumption of 
one mol. of periodate suggested that the dimethyl ester is an a-glycol. Moreover it is also 
an allylic alcohol because on oxidation with active manganese dioxide in chloroform it 
yielded an «$-unsaturated ketone, C,,H,,0,. This ketone, unlike the manganese dioxide 
oxidation product of methyl gibberellate (XVIII), has max. 240 my (¢ 17,000) and therefore 
carries two substituents on the double bond; in CHCl, it has carbonyl absorption at 
1682 cm.* («$-unsaturated ketone) in addition to 1728 cm. (ester C=O). Since the 
unsaturated ketone is derived from an «-glycol it should be an «-ketol and in agreement 
with this it readily formed a monoacetate, reduced cold Fehling’s solution, rapidly reduced 
Tollens reagent, and gave a reddish-purple colour in the blue tetrazolium test. Attempts 
to cleave it with periodate and bismuthate failed, but it was shown that no rearrangement 


23 Grove, unpublished work. 
*4 Cf. Seta, Takahashi, Kitamura, and Sumiki, Bull. Agric. Chem. Soc. Japan, 1958, 22, 429. 
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had taken place during the manganese dioxide oxidation by reducing the a-ketol with 
sodium borohydride back to the dimethyl ester from which it had been derived. These 
results establish the presence of the grouping (XXV) or (XXVI) in the dimethyl ester, 


H OH HOH C 


: fe 
(XXV)_-CH-CH-CH=CC -CH-CH-C=CH-C  (XXVI) 
c 


C,,H.g0;, but only (XXV) can be accommodated in a 1-methoxycarbonyl-l-methyl 
substituted ring A. Hence the dimethyl ester, C,,H,,0,, and its manganese dioxide 
oxidation product have structures (KXXVII; R = Me) and (XXVIII) respectively, and an 
allylic type rearrangement must take place during the alkaline hydrolysis of gibberellic 
acid. The mechanism of this rearrangement is under investigation. 


HO fe) 
HO OH HO OH HO ie OH 
RO,C Me CH. = MeO,C Me iy CH, Me CH, 




















CO2R )Me CO,Me 
(XXVII) (XXVIII) (XXIX) 
FouaN jfo~* OH OH 
re) a Oo a 
\ \ HO OH HO Me 
co CH, is 
MeO,C Me MeO,C Me  HO-H,C Me “CH, = HO-H;C Me 
CH,-OH CH,-OH 
(XXX) (XXX1) (XXXII) (XX XIII) 


We can now consider the structure of the periodate oxidation product, C,,H,,0,. It 
was shown to contain two double bonds by microhydrogenation and by perbenzoic acid 
estimation. It retained only one difficultly acetylatable and presumably tertiary hydroxyl 
group. In boiling alkali it consumed three equivalents whilst the dimethyl ester (X XVII; 
R = Me) consumed only two. These results can be tentatively explained by assuming 
that the compound, C,,H,,0,, contains a lactone ring as in (XXX) or (XX XI) formed by 
mutual oxidation reduction of the dialdehyde produced by glycol fission of the ester 
(XXVII; R= Me). The infrared spectrum of the oxidation product, C,,H,,0,, in CCl, 
showed only one carbonyl band at 1738 cm. which taken in conjunction with the absence 
of an ultraviolet maximum between 210 and 225 my * favours formula (XXX) rather 
than (XXX1I). 

When the dicarboxylic acid (XXVII; R = H) was heated at 90° or under reflux in 
toluene, and the product methylated, it yielded a neutral monomethy] ester, m. p. 174°, 
isomeric with methyl gibberellate. This ester must be a y-lactone (C=O absorption at 
1768 and 1721 cm. in CHCl) and from its mode of formation and the fact that it was not 
oxidised by a sample of manganese dioxide which oxidised methyl gibberellate it has been 
assigned structure (XXIX), i.e., the structure originally erroneously assigned to methyl 
gibberellate.1* The nuclear magnetic resonance of the ester (XXIX) and its acetate are 
consistent with this.*4 

Sumiki and his collaborators reported * that reduction of gibberellin A, methyl ester by 
lithium aluminium hydride gave a pentaol, C,,H,,0;, which did not react with periodate and 
was therefore inconsistent with the structure originally proposed for gibberellic acid.” 
In our hands vigorous reduction of gibberellin A, methyl ester in this way gave a poorly 
crystalline pentaol, C,,H,,0,;, which, contrary to the Japanese report, took up 0-84 mol. 
of hydrogen on hydrogenation and appears to be the expected reduction product (XXXII). 
Similar reduction of the keto-ester (VII; R = Me) gave a pentaol, C,,H,.0;, assumed to be 


*% Cf. Nielsen, J. Org. Chem., 1957, 22, 1539. 
* Takahashi, Seta, Kitamura, and Sumiki, Bull. Agric. Chem. Soc. Japan, 1957, 21, 327. 
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(XX XIII). In agreement with structure (I; R = H) for gibberellic acid, neither com- 
pound (XXXII) nor (XXXIIT) consumed periodate. 


EXPERIMENTAL 


M. p.s are corrected. Absorption spectra and optical rotations were determined as described 
previously.* Unless otherwise stated infrared spectra were determined on Nujol mulls and 
ultraviolet absorption for EtOH solutions. Alumina for chromatography was prepared as 
described in Part II.%* Microhydrogenations were carried out in acetic acid with a palladium 
black catalyst. 

Acetylation of Gibberellic Acid.—The acid (511 mg.) in dry pyridine (8 ml.) and acetic 
anhydride (5 ml.) was left at room temperature for 4 days. The crude product (534 mg.; m. p. 
180—193°) crystallised from ethyl acetate-light petroleum (b. p. 60—80°) as (i) prisms (150 mg.), 
m. p. 220—226° (decomp.), and (ii) needles (295 mg.), m. p. 175—183°. Recrystallisation of 
fraction (i) yielded the monoacetyl derivative,? m. p. 233—234° (decomp.) (Found: C, 64-85; 
H, 6-4. Calc. for C,,H,,0,: C, 64-9; H, 6-2%). Microhydrogenation resulted in the uptake of 
1-81, 1-84 mol. of hydrogen. 

Fraction (ii) was diacetylgibberellic acid and crystallised from ethyl acetate-light petroleum 
(b. p. 60—80°) in rods,” m. p. 187-5—188°, [a],,* +176° (c 0-5 in EtOH) (Found: C, 64-25; H, 
6°15. Calc. for C,,H,,O,: C, 64-2; H, 61%), vmax, 3170 (OH of monomeric CO,H), 1780, 
1741, and 1708 (C=O), and 1656 cm.4 (C=C). The methyl ester,!° m. p. 167—169°, showed vjy, 
1776, 1751, and 1730 (C=O), 1664 cm.1 (C=C), and no OH absorption. 

Action of Acid on Methyl Gibberellate.—The ester (105 mg.) was suspended in dilute hydro- 
chloric acid (1:5; 18 ml.) and refluxed for 40 min. in a current of nitrogen (evolution of carbon 
dioxide). The gummy product (76 mg.), recovered by extraction with chloroform, crystallised 
from light petroleum (b. p. 60—80°) in prisms (42 mg.), m. p. 113—114° not depressed by 
methyl gibberate but depressed by methyl epigibberate (Found: C, 76-2; H, 7-45. Calc. for 
C,,H,,0,: C, 76-5; H, 7-4%). ; 

Reduction of Gibberellic Acid with Hydrazine.—(a) A solution of gibberellic acid (1-0 g.) and 
90—95% hydrazine hydrate (2 ml.) in ethanol (20 ml.) was boiled under reflux for 14 hr. After 
removal of the ethanol in vacuo a cooled solution of the residue in a little water was acidified 
with concentrated hydrochloric acid, giving a precipitate [880 mg.; m. p. 285—290° (decomp.)] 
which crystallised from aqueous ethanol (charcoal) in prisms of tetrahydrogibberellic acid (IV; 
R = H), m. p. 300—301° (decomp.), {a],”* +64° (c 0-5 in EtOH) (Found: C, 65-2; H, 7:45. 
C,,H,,0, requires C, 65-1; H, 7-5%), vmax. (a) 3520 and 3290 (OH), broad ~3200 and ~2560 
(OH of CO,H), 1744 and 1722 cm.} (C=O), (b) in dioxan 1775 (y-lactone) and ~1730 cm.7 
(CO,H). The acid took up no hydrogen on microhydrogenation and gave no colour with cold 
concentrated sulphuric acid. This reduction was not always reproducible; on some occasions 
it gave a gummy partially reduced product which was difficult to purify. 

The methyl ester (IV; R = Me), prepared with diazomethane in ether—methanol, crystallised 
from aqueous methanol in prisms, m. p. 271—272°, [a],”° +54° (c 1-0 in MeOH) (Found: C, 
65:7; H, 7-9; OMe, 8-65. C, .H,,O, requires C, 65-9; H, 7-7; OMe, 8-5%), vinax, (a) 3500, 1753, 
and 1711 cm.*1, (b) in chloroform 1767 cm." (y-lactone) and 1735 cm." (ester). 

(b) Gibberellic acid (100 mg.) in ethanol (2 ml.) and 90—95% hydrazine hydrate (0-1 ml.) 
was set aside for 4 days. After addition of water and acidification with hydrochloric acid, 
recovery in ethyl acetate gave gibberellic acid (94-5 mg.), m. p. 220—228° (decomp.), which 
crystallised from aqueous methanol in prisms (71 mg.), m. p. 234—236° (decomp.). 

Acetylation of Methyl Tetrahydrogibberellate—The ester (104 mg.) in dry pyridine (1-5 ml.) 
and acetic anhydride (1-0 ml.) was left for 44 hr. The solvents were then removed in vacuo 
at 35° and the residue was treated with sodium hydrogen carbonate solution, giving a solid 
(112 mg.), m. p. 179—209°. Crystallisation from ethyl acetate-light petroleum (b. p. 60—80°) 
gave fractions (i) prisms (64 mg.), m. p. 214—221°, (ii) (21 mg.), m. p. 179—199°, and (iii) rods, 
m, p. 189—207°. Recrystallisation of fraction (i) gave prisms of the monoacetate, m. p. 222— 
224° (Found: C, 64-9; H, 7-4; OMe, 7-8. C,,H 3,0, requires C, 65-0; H, 7-4; OMe, 7-6%), Vmax 
3580 cm.*! (OH), 1779 cm." (y-lactone), 1744 cm.“! (OAc) and 1728 cm."! (ester). Fraction (iii) 
was crystallised from ethyl acetate-light petroleum (b. p. 60—80°), giving the diacetate 
as needles, m. p. 213—216° (Found: C, 64-6; H, 7-3. C,,H;,0, requires C, 64-3; H, 7-2%), 
Vmax, 1768 and 1738 cm.~! (C=O) (no OH absorption). 

Hydrogenation of Methyl Gibberellate (With Mr. J. F. GRovE).—Methy] gibberellate (4-08 g.) 
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and 10% palladised charcoal (1-94 g.) in ethyl acetate (380 ml.) absorbed ca. 2 mol. of hydrogen in 
Shr. The mixture was filtered and the filtrate and washings were shaken with aqueous sodium 
carbonate and water. Removal of solvent gave crystals (2-13 g.), m. p. 240—-250°. Acidific- 
ation of the carbonate solution and recovery in ethyl acetate yielded a gummy acid (1-26 g.). 

Crystallisation of the neutral product from ethanol-light petroleum (b. p. 60—80°) and from 
aqueous methanol gave prisms of a mixture of methyl tetrahydrogibberellates (epimeric at 
position 8 and not separable by crystallisation), m. p. 246—249°, [a],* +45° (c 1-0 in MeOH) 
(Found: C, 66-0; H, 7-6; OMe, 8-6. Calc. for Cy)H,,0,: C, 65-9; H, 7:7; OMe, 8°5%), Vmax 
3510 (OH), 1758, and 1713 cm. (C=O). 

The gummy mixed acids crystallised from ethyl acetate in prisms (635 mg.), m. p. 215—230° 
(decomp.) (Found: equiv., 367), which did not take up hydrogen. They will be discussed in a 
later paper. 

Chromatography of the crude neutral product (0-42 g.), from a similar reduction, in benzene- 
methanol (200: 1; 200 ml.) on alumina (20 g.) and elution with the same solvent in 100 ml. 
portions gave fractions (i) and (ii) 28 mg., (iii) 125 mg., (iv) 106 mg., (v) 67 mg., and (vi) 23 mg. 
Fractions (iv)—(vi) crystallised from ethyl acetate-light petroleum (b. p. 60—80°) in needles 
(45 mg.), m. p. 260—264°, identical (mixed m. p. and infrared spectrum) with methyl tetra- 
hydrogibberellate. 

Fraction (iii) was crystallised from ethyl acetate—light petroleum (b. p. 60—80°), giving 
methyl 8-epitetrahydrogibberellate (IV; R = Me) as needles (70 mg.), m. p. 233—236°, [a],,* 
+43° (c 1-0 in EtOH) (Found: C, 66-0; H, 7-8. C, 9H,,O, requires C, 65-9; H, 7-7%), Vmax. 
3520, 1759, and 1712 cm.1. The diacetate, prepared with acetic anhydride in pyridine for 
14 days, formed needles, m. p. 184—186°, vingx, 1764 and 1737 cm.! (OH absent). It was 
identical with an authentic specimen prepared by Professor Sumiki by separation of the 
diacetates resulting from the acetylation of the 8-epimeric mixture of dihydrogibberellin A, 
methyl esters.!4 

Hydrogenation of methyl gibberellate (108 mg.) with Adams catalyst (25 mg.) in methanol 
(10 ml.) gave an acidic gum (75 mg.) and neutral material (16 mg.). The latter crystallised 
from aqueous methanol in prisms of the mixed methyl tetrahydrogibberellates, m. p. 244—247°. 

Oxidation of Methyl Tetrahydrogibberellate (IV; R = Me).—A solution of the ester (1-0 g.) in 
purified pyridine (10 ml.) was shaken with the complex from chromic oxide (1-0 g.) and pyridine 
(10 ml.), left for 42 hr., poured into water (200 ml.), and filtered. The filtrate and washings 
were extracted with ethyl acetate, and the extract washed with dilute hydrochloric acid, aqueous 
sodium hydrogen carbonate, and water. The recovered solid (0-740 g.) was treated under reflux 
with Girard’s reagent P (2-25 g.) in ethanol (25 ml.) and glacial acetic acid (2-5 ml.) forl hr. The 
ethanol was removed in vacuo and water (15 ml.) added, followed by sodium carbonate 
decahydrate (5-0 g.). Extraction with ethyl acetate and recovery yielded methyl tetrahydro- 
gibberellate (269 mg.), m. p. 250—257°. The aqueous layer was left for 1 hr. after treatment 
with concentrated hydrochloric acid (6 ml.), then extracted with ethyl acetate, and the extract 
was washed with aqueous sodium hydrogen carbonate and water. Removal of the solvent gave 
methyl 1-carboxy-4a,7-dihydroxy-1,8-dimethyl-2-oxogibbane-10-carboxylate 1-> 4a-lactone (V1) (450 
mg.), m. p. 148—155°, which crystallised from ethyl acetate-light petroleum (b. p. 60—80°) in 
prisms, m. p. 161—163°, [aJ,,"* + 144° (c 0-99 in MeOH) (Found: C, 66:4; H, 7-35. CyoH 0, 
requires C, 66-3; H, 7-2%), Amax, 290 my (¢ 52), Vmax, (2) 3480 (OH), 1792 (y-lactone), 1728 (6- ring 
ketone) and 1709 cm."! (ester), (b) in CCl, 1793 and 1737 cm.*1. 

The ketone (VI) was also prepared in lower yield by oxidation of methyl tetrahydro- 
gibberellate with chromic oxide in acetic acid at room temperature. 

The oxime, prepared in pyridine, formed prisms (from methanol), m. p. 263—266° (decomp.) 
(Found: C, 63-9; H, 7-1; N, 3-9. C,9H,,O,N requires C, 63-6; H, 7:2; N, 3-7%), Vmax, 3500, 
3410, 1752, 1712, and 1652 cm."}. 

Oxidation of the Mixed Methyl Tetrahydrogibberellates—The esters (2-13 g.) in pure acetone 
(80 ml.) were treated dropwise at 0° with a solution (2-0 ml.) prepared from chromic oxide 
(66-8 g.) in concentrated sulphuric acid (57-5 ml.) and water (100 ml.) made up to 267 ml.?’, 
The whole was left for 2 hr., decanted into water (200 ml.), and extracted with ethyl acetate, and 
the extract was washed with aqueous sodium hydrogen carbonate and dried. Recovery gave a 
gum (2-12 g.) which was crystallised from ethyl acetate-light petroleum (b. p. 60—80°), giving 
(i) prisms (558 mg.), m. p. 142—152°, (ii) needles (449 mg.), m. p. 115—128°, and (iii) a gum, 

*? Cf. Curtis, Heilbron, Jones, and Woods, J., 1953, 457. 
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Recrystallisation of fraction (i) from ethyl acetate—light petroleum (b. p. 60—80°) yielded 
prisms, m. p. 156—159°, identical with the above ketone (VI) (mixed m. p. and infrared 
spectrum). Fraction (ii) crystallised from ether—light petroleum (b. p. 40—60°) and from ethy| 
acetate-light petroleum (b. p. 60—80°) as rosettes of needles of the 8-epi-ketone (VI), m. p. 131— 
133°, [a),,2* + 126° (c 0-6 in MeOH) (Found: C, 66-25; H, 7:25; OMe, 8-05%), Amax. 293 my 
(¢ 47), Vinax. 3350 (broad; OH), 1778 (y-lactone), 1740 and 1728 cm.*; in chloroform it showed 
the same C=O bands as its epimer but small differences in the 7—15 u region. Fraction (iii) 
yielded a further quantity of the 8-epi-ketone, m. p. 125—129°. 

Oxidation of Methyl 8-Epitetrahydrogibberellate (By Mr. J. F. GROVE).—The ester. (19 mg.) in 
acetone (1 ml.) was treated with the chromic oxide solution in sulphuric acid (see above) 
(0-022 ml.) at —5°. Isolation of the product as in the preceding experiment gave a neutral glass 
(18 mg.) which crystallised from ethyl acetate-light petroleum (b. p. 60—80°) as needles, m. p. 
124—126°, identified as the 8-epi-ketone (VI) by mixed m. p. and infrared spectrum. 

Action of Hydrochloric Acid on Gibberellin A, Methyl Ester (With Dr. T. P. C. MULHOLLAND), 
—The ester (200 mg.) was boiled with dilute hydrochloric acid (1:5; 15 ml.) for 1-5hr. After 
18 hr. at 0°, filtration gave a solid (A) (105 mg.), m. p. 245—254° (decomp.). The filtrate was 
extracted with ethyl acetate, and the extract washed with sodium hydrogen carbonate solution. 
The neutral product (26 mg.) was intractable. Acidification of the carbonate solution and 
recovery of the product in ethyl acetate gave a semi-solid (B) (27 mg.). 

Product (A) crystallised from ethyl methyl ketone-light petroleum (b. p. 60—80°) or aqueous 
methanol in prisms of 2,4a-dihydroxy-1,7-dimethyl-8-0x0-7a-gibbane-1,10-dicarboxylic acid 1->4a- 
lactone (VII; R = H) (62 mg.), m. p. 265—267° (decomp.), {a],,"* + 50° (c 1-0 in EtOH) [Found: 
C, 62-5; H, 7-1; Active H, 1-1; H,O (Karl—Fischer), 38%; equiv., 370. C,)H..O,,H,O 
requires C, 62-3; H, 7-15; 4 Active H, 1:10; H,O, 4:9%; M, 366), Amax. 292°5 my (e 32), vmay 
3570, 3450, and 3300 (OH), ~2750-—~2550 (OH of CO,H), 1761, 1715, and 1702 (C=O), and 
1646 cm.~! (water bending). The keto-acid took up no hydrogen on microhydrogenation. It 
was not dehydrated by distillation of a solution in toluene. 

The acetate, prepared with acetic anhydride in pyridine at 20°, crystallised from ethyl methyl 
ketone-light petroleum (b. p. 60—80°) as needles, m, p. 281—284° (decomp.) (Found: C, 64-2; 
H, 6-6. C,,H,,0, requires C, 64-6; H, 6-7%), Vmax, (@) 1774, 1745, and 1707 cm.~1, (b) in CHCl, 
1775, 1741, and 1710 (sh) cm.*. 

The methyl ester (VII; R = Me), prepared with diazomethane in ether—methanol, formed 
needles from ethyl acetate-light petroleum (b. p. 60—80°), m. p. 226—228°, [a],1® +54° (c 1-0 
in COMe,) (Found: C, 65-95; H, 7-35; OMe, 8-7; Active H, 0-4. C,)9H,,O, requires C, 66:3; 
H, 7:2; OMe, 8-6; 1 Active H, 0:3%), Amax, 291 muy (e 32), vinx, (@) 3500 and 1743 cm."}, (b) in 
CHC1, 1770 (y-lactone), 1737 cm." (5-ring ketone and ester). 

Attempts to prepare ketone derivatives failed. 

Product (B) was washed with ether and crystallised from ethyl methyl ketone-ether as 
crystals (5 mg.) of an acid, m. p. 260—264° (decomp.), raise to 268—270° (decomp.) by further 
crystallisation (Found: C, 64:9; H, 7-0. C,,H,,O, requires C, 65-5; H, 6-9%), vmax 3430, 
-~3140 (broad), 1779 and 1737 cm.!; the spectrum was distinct from that of the isomeric acid 
(VII; R=H). This acid may be identical with the uncharacterised acid, m. p. 255—257° 
(decomp.), obtained in a similar way by Takahashi et al. 

The methyl ester crystallised from ethyl acetate-light petroleum (b. p. 60—80°) as prisms, 
m. p. 183—185°, [a],,"* +24° (c 1-0 in COMe,) (Found: C, 66-65; H, 7-25; OMe, 8-6. CyoH,4,0, 
requires C, 66-3; H, 7-2; OMe, 8-6%), Amax, 294 my (¢ 37), Vmax, (@) 3535 (OH), 1755 and 1735 
(C=O); (6) in CHCl, 1765 (y-lactone), 1738 (5-ring ketone), and 1717 cm."! (ester). No hydrogen 
was taken up on attempted microhydrogenation. 

The keto-acid (VII; R = H) was conveniently prepared in quantity as follows: Methyl gib- 
berellate (3-35 g.) was hydrogenated until 1 mol. of hydrogen had been absorbed ® and the total 
product (neutral and acidic, 2-84 g.) was hydrolysed as in the preceding experiment. The mixture 
was extracted with ethyl acetate, the extract washed with aqueous sodium hydrogen carbonate 
and water, and the neutral product recovered as a gum (0-63 g.). Acidification of the aqueous 
layer and recovery in ethyl acetate afforded a gum (2-03 g.) which on crystallisation from ethyl 
acetate-light petroleum (b. p. 60—80°) formed (i) prisms (0-84 g.), m. p. 253—257° (decomp.), 
(ii) (0-16 g.), m. p. 230—247° (decomp.), and (iii) a gum. Fraction (i) crystallised from aqueous 
methanol in prisms of the keto-acid (VII; R = H), m. p. 259—263° (decomp.). 

Fraction (ii) and other similar fractions (1-89 g.) were methylated with diazomethane. The 
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crude ester was crystallised from ethyl acetate—light petroleum (b. p. 60—80°), giving (a) needles 
(1-34 g.), m. p. 223—-225° [infrared spectrum identical with that of the above keto-ester (VII; 
R = Me)], and (b) 360 mg., m. p. 219—225° with an infrared spectrum different from that of 
fraction (a). Recrystallisation of fraction (b) from ethyl acetate—-light petroleum (b. p. 60—80°) 
gave prisms (270 mg.), m. p. 173—176°, raised to 183—185° by further recrystallisation and 
identified as the methyl ester of the acid, m. p. 268—270° (decomp.), by mixed m. p. and infra- 
red spectrum. 

Dehydrogenation of Gibberellic Acid.—(a) With palladised charcoal. Gibberellic acid (101 
mg.) and 30% palladised charcoal (48 mg.) were heated in a current of nitrogen at 280— 
290° for 4 hr. Extraction with ether and recovery afforded a brown gum (49 mg.) which was 
chromatographed in light petroleum (b. p. 60—80°) containing a little ether on alumina (3-3 x 
10cm.). Elution in ultraviolet light with light petroleum (b. p. 60—80°) removed a deep 
blue fluorescent band. Further elution with light petroleum (b. p. 60—80°) and light 
petroleum (b. p. 60—80°)-ether (10:1) gave a blue fluorescent eluate. This yielded a solid 
(15 mg.), m. p. 80—105°, which crystallised from methanol as plates and needles, m. p. 
121—123°, of gibberone ® (XII) (identified by mixed m. p. and infrared spectrum). 

(b) With selenium. The acid (218 mg.) and powdered selenium (220 mg.) were heated in a 
current of nitrogen from 250° to 345° in 1 hr. and kept at 345—360° for 6 hr. The brown semi- 
solid product (43 mg.), recovered by extraction with methanol and ether, was chromatographed 
in light petroleum (b. p. 40—60°) (2-5 ml.) and ether (0-5 ml.) on alumina (7-8 x 0-8 cm.). 
Elution in ultraviolet light with light petroleum (b. p. 40—60°) removed a violet-fluorescing 
band which yielded a solid (26 mg.), m. p. 77—82°. Further chromatography and crystallis- 
ation from methanol gave needles of 1,7-dimethylfluorene,® m. p. 104—106° (mixed m. p. and 
infrared spectrum). 

Oxidation of the Keto-acid (VII; R = H).—The keto-acid (91-7 mg.) in pure acetone (2-5 ml.) 
was treated at 0° with the above chromic oxide solution (0-075 ml., 2-2 equiv.). Reaction 
occurred almost immediately. After 10 min. at 0° and 1 hr. at room temperature, water (10 ml.) 
was added. Recovery of the product in ethyl acetate gave 4a-hydroxy-1,7-dimethyl-2,8-dioxo- 
Ta-gibbane-1,10-dicarboxylic acid 1->4a-lactone (VII!) (83-7 mg.), m. p. 279—281° (decomp.), 
which crystallised from aqueous methanol and from ethyl methyl ketone-light petroleum (b. p. 
60—80°) in felted needles, m. p. 281—283° (decomp.), [a],"* + 154° (c 1-0 in EtOH) (Found: C, 
65°75; H, 6-4%; equiv., 333. C,,H,.O, requires C, 65-9; H, 6-4%; M, 346), Amax, 288—291 mu 
(c 88), Vmax, 1775, ~1746 (sh), 1728 and 1701.cm."! (no OH absorption). 

The methyl ester, prepared with diazomethane, crystallised from ethyl methyl ketone-light 
petroleum (b. p. 60—80°) in needles, m. p. 218—219°, {a],,** + 149° (c 1-0 in COMe,) (Found: C, 
66-5; H, 6-6; OMe, 8-75. C,.9H,,O, requires C, 66-65; H, 6-7; OMe, 8-6%), vmax (a) 1779, 
1736, and 1716cm.1; (6) in CCl, 1792 and 1735 cm."}. 

Dehydrogenation of 4a-Hydroxy-1,7-dimethyl-2,8-dioxo-7a-gibbane-1,10-dicarboxylic Acid 
1+ 4a-Lactone (VIII).—The diketo-acid (345 mg.) was heated with selenium powder (368 mg.) 
at 335—340° for 2-5 hr. ina current of nitrogen. The product (111 mg.), collected by distillation 
at 15 mm., was chromatographed in light petroleum (b. p. 40—60°)-ether (2:1; 3 ml.) on 
alumina (10-5 x 1:8 cm.) and eluted in ultraviolet light. Elution of blue and bluish-white 
fluorescent bands with light petroleum (b. p. 40—60°)-ether (2:1) and with ether gave 
intractable oils and gums. Then ether and ether-methanol (50:1) gave a blue fluorescent 
eluate which yielded a yellow semisolid (26-2 mg.). Sublimation at 80—90°/10™ mm. followed 
by crystallisation from benzene-light petroleum (b. p. 60—80°) gave needles, m. p. 196—198°, 
of 1,7-dimethylfluoren-2-ol, identical (mixed m. p., infrared and ultraviolet spectra) with an 
authentic specimen prepared by synthesis.’ 

Attempted Oxidation of Methyl Gibberellate—(a) With chromic oxide—acetone-sulphuric acid. 
Oxidation of the ester (540 mg.) in acetone with the above solution of chromic oxide in sulphuric 
acid (0-45 ml.) and separation of the product into neutral and acidic fractions in the usual way 
gave an intractable acid (23 mg.). The neutral gum was separated by Girard’s reagent P into 
an intractable ketonic gum (33 mg.) and starting material (127 mg.). 

(b) Oppenauer oxidation. Attempts to oxidise methyl gibberellate by the Oppenauer method 
were abandoned when it was found that (a) methyl gibberellate (180 mg.), benzoquinone 
(540 mg.), and aluminium isopropoxide (400 mg.) in purified dioxan (5 ml.) and toluene (3 ml.), 
left for 8 days, gave the unchanged ester (145 mg.) and (b) methyl gibberellate was not recovered 
after being heated with aluminium isopropoxide in toluene for 2 hr. 
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Attempted Oxidation of Gibberellin A, Methyl Ester.—The ester (77 mg.) in pyridine (0-9 ml.) 
was added to chromic oxide (78 mg.) in pyridine (0-8 ml.) and left for 43 hr. The mixture was 
poured into water. Recovery in ethyl acetate gave a gum (68 mg.) which was separated by 
Girard’s reagent P into an intractable ketonic gum (30 mg.) and starting material (38 mg.). 

Ozonolysis of Methyl Gibberellate—(a) (By Dr. T. P.C. MULHOLLAND). A current of ozonised 
oxygen (3-4 mg. of ozone per min.) was passed through a solution of methyl gibberellate (100 mg.) 
in acetic acid (10 ml.) at 20° for 9 min. Water (10 ml.) was added, and the solution was kept 
for 1 hr. and steam-distilled. Treatment of the distillate with dimedone solution (cf. ref, 4) 
gave the dimedone derivative of formaldehyde (39-4 mg.; 0-48 mol.), m. p. and mixed m. p. 
187—189°. 

(b) Ozonised oxygen equivalent to 1-0 mol. of ozone was passed through a solution of the 
ester (0-90 g.) in ethyl acetate (50 ml.) at —70° during 15 min. The ethyl acetate was removed 
in vacuo at room temperature and the resultant foam left under water (50 ml.) until it gave a 
negative starch-iodide test (ca. 70 hr.). The products from five such ozonolyses were combined 
and extracted thoroughly with ethyl acetate, and the extract was washed with sodium 
hydrogen carbonate and water. Recovery gave a neutral gum (1-59 g.). Acidification of the 
sodium hydrogen carbonate extract and recovery in ethyl acetate afforded an acidic gum (A) 
(2-12 g.). 

The neutral gum, Girard’s reagent P (2-98 g.), Amberlite resin IRC-50 (H) (150 mg.), and 
ethanol (40 ml.) were refluxed for 1 hr. and poured into water (200 ml.). Extraction with 
ethyl acetate afforded a solid (1-01 g.) which after crystallisation from ethyl acetate-light 
petroleum (b. p. 60—80°) gave methyl gibberellate, m. p. 200—201°. The aqueous layer was 
treated with concentrated hydrochloric acid (25 ml.) at room temperature for 1 hr., then 
extracted with ethyl acetate, and the extract washed with sodium carbonate and water. 
Removal of the solvent gave methyl 1-carboxy-2,4a,7-trihydroxy-1-methyl-8-oxogibb-3-ene-10- 
carboxylate 1->4a-lactone (XIII) (358 mg.), m. p. 227—231° (decomp.), which crystallised from 
ethyl methyl ketone-light petroleum (b. p. 60—80°) in prisms, m. p. 230—232° (decomp.) 
(Found: C, 63-2; H, 6-45; OMe, 8-6. C,,H,,O, requires C, 63-0; H, 6-1; OMe, 8-6%), Amx 
290 mu (e 125), Vmax. (a) 3500 and 3470 (OH), 1756 and-1730 (C=O), (b) in CHC1, 1775 (y-lactone), 
1754 (C=O of 5-ring a-ketol), and 1739 cm. (ester). The ketol reduced cold Tollen’s reagent 
but did not give a colour in the triphenyltetrazolium chloride test. It gave an intense red 
colour with cold concentrated sulphuric acid. 

The gum (A) crystallised from ethyl methyl ketone-light petroleum (b. p. 60—80°) in prisms 
(825 mg.) of 1-carboxy-1,2,4a,4b,5,6,7,8,8a,9a-decahydro-2,4a-dihydroxy-9-methoxycarbonyl-1- 
methyl-7-oxofluoren-8a-ylacetic acid 1->4a-lactone (XIV; R = H), m. p. 90—120° (gas evolution). 
Recrystallisation from ethyl acetate-light petroleum (b. p. 60—80°) gave prisms, m. p. 128— 
130° (gas evolution) [Found (dried at 20° in vacuo): C, 57-9; H, 6-2; OMe, 8-1%; equiv., 380. 
Found (dried at 75° in vacuo): C, 59-8; H, 6-1. C,gH,.0,,H,O requires C, 57-6; H, 6-1; OMe, 
78%; M, 396. C,,H,,O, requires C, 60-3; H, 59%]. The hydrate showed vmx 3610 
(hydrate), 3500 (OH), 2730—2520 (OH of CO,H), 1765 (y-lactone), 1734, ~1720 (C=O), and 
1619 cm.“! (water bending). On microhydrogenation the acid took up 1-04 mol. of hydrogen. 

The methyl ester (XIV; R = Me), prepared with diazomethane in ether—-methanol, formed 
needles (from benzene), m. p. 172—174°, {aJ,,*> + 100° (c 0-8 in EtOH) (Found: C, 61-3; H, 
6-45; OMe, 15-45. C, 9H,,O, requires C, 61-2; H, 6-2; 20Me, 15-8%), Amax, 289 my (ce 27), 
Vmax. (4) 3430, 3255, 1776, 1763, 1736, 1720, and 1685 cm."1, (6) in CHCl1, 1775 (y-lactone), 1736 
(esters), 1725 (sh) cm. (6-ring ketone). The ester took up 1-2 mol. of hydrogen on micro- 
hydrogenation. 

Oxidation of the Ketol (XIII).—(a) With periodate. The ketol (36-4 mg.) in methanol (3 ml.) 
and 0-1m-sodium metaperiodate (2 ml., 2 mol.) was left at room temperature for 22 hr. The 
solution was diluted with water, ammonium sulphate added, and the mixture extracted with 
ethyl acetate. The extract was washed with sodium hydrogen carbonate and water (no neutral 
product). The acid fraction (37 mg.), recovered by acidification of the aqueous sodium 
hydrogen carbonate solution and extraction with ethyl acetate, was esterified with diazo- 
methane, giving the ester (XIV; R = Me) which crystallised from benzene in needles (25 mg.), 
m. p. 171—173° (identified by mixed m. p. and infrared spectrum). 

(b) With chromic oxide. The ketol (80-5 mg.) in pure acetone (8 ml.) was treated dropwise 
at 0° with the above solution of chromic oxide in sulphuric acid (0-07 ml.) and kept at 0° for 
15 min. The mixture was treated with one drop of methanol, poured into water (35 ml.), and 
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extracted with ethyl acetate, and the extract washed with aqueous sodium hydrogen carbonate 
and water. Recovery gave a solid (60 mg.), m. p. 193—218°. Acidification of the alkaline 
extract and recovery of the product in ethyl acetate afforded an intractable gum (13 mg.). 

Crystallisation of the neutral solid from ethyl methyl ketone—light petroleum (b. p. 60—80°) 
(1:1) gave methyl 1-carboxy-4a,7-dihydroxy-1-methyl-2,8-dioxogibb-3-ene-10-carboxylate|l-> 4a- 
lactone (XVI) as prisms, m. p. 215—229° (decomp.). Further crystallisation did not change 
the decomposition point or the ultraviolet absorption (Found: C, 63-1; H, 5-9; OMe, 8-55. 
CygH oO, requires C, 63-3; H, 5-6; OMe, 8°6%), Amax. 229 my (¢ 7050), Vinax, 3580 (OH), 1784, 
1751, 1739, and 1698 cm.? (C=O). 

Hydrogenation of the Ester (XIV; R = Me).—The ester (201 mg.) in ethyl acetate (30 ml.) 
with 10% palladised charcoal (75 mg.) took up 1-26 mol. of hydrogen in 45 min. The mixture was 
filtered and the filtrate washed with aqueous sodium hydrogen carbonate and water. Recovery 
gave crystals (171 mg.), m. p. 160—163°, which were recrystallised from benzene as needles, 
m. p. 166-5—167-5°, identical (mixed m. p. and infrared spectrum) with a specimen of the ester 
(XI; h = Me) prepared from gibberellin A, methyl ester. 

Acidification of the sodium hydrogen carbonate solution and extraction with ethyl acetate 
yielded an intractable gum (29 mg.). 

Action of Acid on the Dimethyl Ester (XIV; R = Me).—The ester (81 mg.) in methanol 
(25 ml.) and 3n-hydrochloric acid (20 ml.) was heated under reflux for 25min. The solution was 
extracted with ethyl acetate, and the extract washed with aqueous sodium hydrogen carbonate 
and water. Recovery afforded gummy crystals (65 mg.). Acidification of the alkaline extract 
and recovery in ethyl acetate gave an intractable acidic gum (8 mg.). The neutral product 
crystallised from methanol in prisms (27 mg.), m. p. 187—197°, raised to 205—207° by 
recrystallisation, and identified as the keto-ester (XV) by mixed m. p. and infrared spectrum. 

Oxidation of the Diestey (XIV; R = Me).—(a) With chromic oxide—pyridine. The ester (100 
mg.) in pyridine (1-0 ml.) was added to chromic oxide (100 mg.) in pyridine (1-0 ml.) and left for 
46 hr., then poured into water. The intractable brown gum (43 mg.), recovered in ether, showed 
no ultraviolet maximum corresponding to an «8-unsaturated ketone. 

(b) With manganese dioxide. The ester (298 mg.) and active manganese dioxide *° (3-08 g.) 
in chloroform (25 ml.) were shaken at room temperature for 96 hr. The mixture was filtered 
and the combined filtrate and washings were taken to dryness, giving a foam (277 mg.), Amax. 
229 my (E}%, 117), which was chromatographed on alumina (20 g.; 8-8 x 1-8 cm.) in benzene 
containing a little methanol. The column was eluted with benzene (300 ml.) and benzene- 
methanol (400: 1; 100 ml.) (traces of gums recovered) and then with benzene—methanol (400: 1; 
100 ml.) from which a gum (A) (70 mg.), Amax, 229 my (E}%, 170) was recovered. Further 
elution with benzene—methanol (200: 1; 200 ml.) gave a solid (B) (91 mg.). 

Fraction (A) was triturated with ether, giving needles, m. p. 110—118°, which on crystallis- 
ation from benzene-light petroleum (b. p. 60—80°) gave methyl 1-carboxy - 1,2,4a,4b,5,6,7,8,8a,9a- 
decahydro-4a-hydroxy-9-methoxycarbonyl-1-methyl-2,7-dioxofluoren-8a-ylacetate 1 > 4a-lactone 
(XVII) as needles (67 mg.), m. p. 118—125°, raised to 129—131° by crystallisation from 
methanol (Found: C, 61-6; H, 5-8. Cg 9H,,O, requires C, 61-5; H, 5-7%), vax. (a) 1779, 1744, 
and 1709 cm.1, (b) in CHCl, 1792 (y-lactone), 1738 (esters), 1727 (sh; 6-ring ketone), and 
1703 cm.+ (-CH=CH-C=0O). The compound took up 1-23 mol. of hydrogen on micro- 
hydrogenation. 

The solid (B) crystallised from benzene in needles (57 mg.), m. p. 167—170°, of the starting 
material. 

Oxidation of Methyl Gibberellate with Manganese Dioxide.—The ester (1-0 g.) and active 
manganese dioxide *° (10 g.) in chloroform (80 ml.) were shaken for 72 hr. The mixture was 
filtered and the dioxide washed with chloroform. The filtrate and washings were evaporated 
giving a gum (700 mg.), Amax. 228 mu (E}%,, 226) which could be crystallised but without increase 
of the E}%,, value. The gum was chromatographed in benzene on alumina (30 g.). Elution 
with benzene—methanol (400: 1) in 100 ml. portions gave the following fractions: (1)—(3) nil, 
(4)—(6) (382 mg.) (E}%,, at 228 my = 268), (7) and (8) (139 mg.) (E}%, at 228 mp = 225), 
(9)}—(12) (39 mg.). Elution with benzene—methanol (50 : 1) gave 114 mg. which crystallised from 
ethyl acetate-light petroleum (b. p. 60—80°) in needles of methyl gibberellate, m. p. 200—203°. 

Fractions (4)—(6) crystallised from ethyl acetate-light petroleum (b. p. 60—80°), giving 
methyl \-carboxy-4a,7-dihydroxy-1-methyl-8-methylene-2-oxogibb-3-ene-10-carboxylate 1->4a-lactone 
(XVIII) as plates (220 mg.), m. p. 186—187°, [a],2* +49° (c 1-0 in COMe,) (Found: C, 66-9, 
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67-1; H, 6-6, 6-3; OMe, 8-6. CyoH,,O, requires C, 67-0; H, 6-2; OMe, 8-7%), Amax. 228 my 
(e 9700), Vmax. (@) 3585 (OH), 1776 (y-lactone), 1730 (ester), 1678 (CH=CH-C=0) and 1654 cm 
(C=C); (6) in CHCl, 3615, 1787, 1739, and 1699 cm.1. The mother-liquors were combined 
with fractions (7) and (8) and crystallised, to give more of the unsaturated ketone (147 mg), 
m. p. 183—185°, Amax, 228 my (e 9150). 

On microhydrogenation lactone (XVIII) took up 2-06 mol. of hydrogen. 

Hydrogenation of the Unsaturated Ketone (XVIII).—The ketone (225-8 mg.) in ethyl acetate 
(30 ml.) with 10% palladised charcoal (100 mg.) took up 2-2 mol. of hydrogen in 45 min, 
Recovery of the products in the usual way gave an acidic gum (30 mg.) and a neutral fraction 
(196 mg.). The latter was separated into non-ketonic (8 mg.) and ketonic (174 mg.) gums by 
Girard’s reagent P as in the isolation of the ketol (XIII) (see above). The ketonic gum 
crystallised from ethyl acetate-light petroleum (b. p. 60—80°) in needles (158 mg.), m. p. 120— 
123°, almost identical in infrared absorption with the 8-epi-ketone (VI), m. p. 131—133°. The 
needles in benzene were chromatographed on alumina (12 g.; 7-0 x 1-5.cm.). Elution with 
benzene (50 ml.) and benzene—methanol (400:1; 50 ml.) gave intractable gums (8-8 mg). 
Benzene-—methanol (400: 1) (50 ml.) and benzene—methanol (200: 1; 50 ml.) then gave gums 
(76 mg.) and (62 mg.) respectively which were combined and crystallised from ethyl acetate- 
light petroleum (b. p. 60—80°), giving (i) needles (75 mg.), m. p. 129—131°, (ii) needles (35 mg.), 
m. p. 120—123°, and (iii) nodules (9 mg.), m. p. 125—148°. Recrystallisation of fraction (i) 
yielded needles, m. p. 129—131°, of the 8-epi-ketone (VI) identified by mixed m. p. and infrared 
spectrum. 

Fraction (iii) crystallised from ethyl acetate—light petroleum (b. p. 60—80°) in prisms 
(5 mg.), m. p. 140—155°, raised to 153—158° by further recrystallisation and identified as the 
ketone (VI), m. p. 161—163°, by mixed m. p. and infrared spectrum. 

Action of Methanolic Hydrogen Chloride on the Keto-ester (VII; R = Me).—A solution of the 
ester (305 mg.) in dry methanol (4 ml.) saturated with hydrogen chloride was heated under 
reflux for 4 hr. in a slow stream of hydrogen chloride. The solution was poured on ice and 
extracted with ether. The ether was washed with water, sodium hydrogen carbonate, and 
water and dried. Recovery gave a gum (A) (237 mg.) shown by its infrared absorption to 
contain about 20% of y-lactone. The sodium hydrogen carbonate extract was acidified and 
extracted with ether to give a gum (B) (69 mg.). 

The gum (A) was chromatographed in benzene on alumina (8-5 x 1-8 cm.) and eluted as 
follows: (i) benzene (100 ml.) gave a gum (8-5 mg.), (ii) benzene—methanol (200: 1) (125 ml) 
gave crystals (131 mg.), and (iii) benzene—methanol (200: 1) (175 ml.) gave a yellow gum 
(74 mg.). 

Fraction (ii) crystallised from ethyl methyl ketone-light petroleum (b. p. 60—80°) in prisms 
of dimethyl 2-hydroxy-1,7-dimethyl-8-ox0-7a-gibb-4a(4b or 10a)-ene-1,10-dicarboxylate (XXII; 
R = H, OH) (96 mg.), m. p. 152—157°, raised to 157—158° by recrystallisation, [@],,?1 —54° 
(c 0-7 in EtOH) (Found: C, 67-25; H, 7-6; OMe, 16-4. C,,H,,0, requires C, 67-0; H, 7:5; 
20Me, 16-5%), Vmax. (a) 3495 and 1726 cm."}, (b) in CCl, 1739 cm.! (broad). It gave a very pale 
yellow colour with concentrated sulphuric acid and a yellow colour with tetranitromethane but 
took up no hydrogen on attempted microhydrogenation. 

Fraction (iii) crystallised from ethyl methyl ketone-light petroleum (b. p. 60—80°) in needles 
(41 mg.), m. p. 220—224°, of starting material. 

The gum (B), methylated with diazomethane and chromatographed on alumina as for gum 
(A), gave the dimethyl ester (XXII; R = H, OH) (30 mg.), m. p. 155—157°, and the starting 
ester (9 mg.), m. p. 219—222°. 

The ester (XXII; R = H, OH) was recovered after being shaken with active manganese 
dioxide *° in chloroform for 71 hr. 

Oxidation of the Dimethyl Ester (XXII; R = H, OH).—The ester (75 mg.) in acetone (1-5 ml.) 
was oxidised with the above solution of chromic oxide in sulphuric acid (0-058 ml.) at —5° and 
kept for 1 hr. at 20°. Water (10 ml.) was added and the product (66-5 mg.; m. p. 109—115°) 
recovered in ethyl acetate in the usual way. It crystallised from ethyl acetate—light petroleum 
(b. p. 40—60°) in needles of dimethyl 1,7-dimethyl-2,8-dioxo-7u-gibb-4a(4b or 10a)-ene-1,10-di- 
carboxylate (XXII; R = O) (42 mg.), m. p. 119—120° (Found: C, 67-6; H, 6-9; OMe, 16-55. 
C,,H,,O0, requires C, 67-4; H, 7-0; 20Me, 16-6%), vmax. (a) 1728 and 1714 cm.*! (no OH band), 
(b) in CCl, 1745 (5-ring ketone and esters) and 1721 cm."! (6-ring ketone). It gave a yellow 
colour with tetranitromethane. 
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Action of Acid on the Ketone (V1), m. p. 161—163°.—(a) The ketone (98 mg.) and 2n-sulphuric 
acid (10 ml.) were heated under reflux in a current of nitrogen for 1 hr.; very little carbon 
dioxide was evolved. The products, isolated in ethyl acetate, were separated into an intractable 
acidic glass (31 mg.) and a neutral gum (68 mg.) in the usual way. The latter crystallised from 
ethyl acetate—light petroleum (b. p. 60—80°) in prisms of the starting ketone (45 mg.), m. p. 
155—160°. 

(b) The ketone (280 mg.), concentrated hydrochloric acid (15 ml.), and water (3 ml.) were 
heated as in (a) for 1-25 hr. When cold, the solution was extracted with ethyl acetate, and the 
extract washed with aqueous sodium hydrogen carbonate and water. Acidification of the 
alkaline extract and extraction with ethyl acetate yielded an intractable acidic gum (29 mg.). 

The neutral product (193 mg.) was recovered and chromatographed in benzene-light 
petroleum (b. p. 40—60°) (1: 1; 6 ml.) on alumina (20 g.) in ultraviolet light. Elution of a dull 
white fluorescent band with benzene-methanol (200: 1) yielded a gum (92 mg.) which 
crystallised from chloroform-light petroleum (b. p. 60—80°) and from acetone-light petroleum 
(b. p. 60—80°) in prisms of 7-hydroxy-1,8-dimethylgibb-1(10a)-en-2-one (XXIV), m. p. 188— 
190°, [a|,** +26° (c 0-28 in EtOH) (Found: C, 78-6; H, 8-9. C,,H,,O, requires C, 78-4; H, 
9:3%), Amax, 247 my (e 18,000), Vmax, (@) 3540 (OH), 1645 cm." (af-unsaturated ketone), (b) in 
CHCl, 1652 cm.7. 

Alkaline Hydrolysis of Gibberellic Acid (With Mr. J. F. GRove and Dr. T. P. C. MULHOLLAND). 
—A solution of gibberellic acid (0-92 g.) in 0-78N-potassium hydroxide (14-0 ml., 4 equiv.) was 
kept for 22 hr. at room temperature and then cooled to 5° during 3 hr. Titration of the cold 
solution with 0-855n-hydrochloric acid showed that 2-06 equiv. of alkali had been consumed; 
after the addition of more 0-855n acid (total, 14-0 ml.) the solution was extracted with ice-cold 
ethyl acetate (6 x 35 ml.). The combined extracts were washed with a little water, dried, and 
evaporated in vacuo at 15—20°, giving 2,3,7-trihydroxy-1-methyl-8-methylenegibb-4-ene-1,10-di- 
carboxylic acid (XXVII; R = H) as an amorphous solid (0-85 g.), m. p. 145—155° (decomp.), 
fal? +41° (c 0-4 in EtOH) [Found (dried at 20°): C, 60-0; H, 6-9%; equiv., 203. Found 
(dried at 100°): C, 62-6; H, 68%; equiv., 195. C,,H,,0,,H,O requires C, 59-7; H, 6-85%; 
equiv. (dibasic acid), 191; C,,H,,O, requires C, 62-6; H, 6-6%; equiv. (dibasic acid), 182]. 
In dioxan solution the diacid showed no infrared y-lactone absorption. On microhydrogenation 
it took up 1-62, 2-02 mol. of hydrogen. It gave no colour with ferric chloride and did not react 
with Brady’s reagent but gave a red colour with concentrated sulphuric acid. It reacted 
instantly with Feigl’s «-glycol reagent.2 

The dimethyl ester (XXVII; R= Me), prepared with diazomethane in ether—methanol, 
crystallised from methanol in prisms, m. p. 95—100° (gas evolution at 108°), {a],,2* + 16° (c 0-99 
in MeOH) [Found: C, 62-45; H, 7-65; OMe, 21-9; M (Rast), 197. C,,H,,0,,CH,°OH requires 
C, 62-25; H, 7-6; 30Me, 21:9%; 4M, 212], vmax. (a) 3410 and 3290 (OH), 1730 and 1695 (C=O), 
and ~1650 cm. (C=C); (6) in CHCl, 1729 and ~1714 cm.. 

On microhydrogenation it took up 1-82, 1-94 mol. of hydrogen. Drying at 90—95° in vacuo 
gave the solvent-free ester, m. p. 138—139° [Found: C, 64-9; H, 7-35; OMe, 15-5. M (Rast), 
351. C,,H,,O, requires C, 64-3; H, 7-2; 20Me, 15-8%; M, 392], vmax, 1732, 1716, and 
1701 cm. and OH absorption, which on crystallisation from ethyl methyl ketone-light 
petroleum (b. p. 60—80°) gave rods, m. p. 97—100° (gas evolution at 102°) [Found: C, 64-3; 
H, 7-5; OMe, 14:5; M (Rast), 290. C,,H,.0,,0-5CH,-CO-C,H, requires C, 64-5; H, 7:5; 
20Me, 14-5%; 3M, 286). 

Hydrogenation of the Dimethyl Ester (X XVII; R = Me).—The ester (102 mg.) in methanol 
(10 ml.) with Adams catalyst (44 mg.) took up 1-8 mol. of hydrogen. The solid product crystal- 
lised from ethyl methyl ketone-light petroleum (b. p. 60—80°) in needles (33-5 mg.), m. p. 
softened at 210°, melted 220—235°, of the 8-epimeric tetrahydro-compounds (Found: C, 63-4 
H, 8-2; OMe, 15-4. Calc. for C,,H,,0,: C, 63-6; H, 8-1; 20Me, 15-7%), vnax, 3485 and 3425 
(OH), 1739 and 1728 (sh) cm.~! (C=O). 

Oxidation of the Dimethyl Ester (XXVIII; R = Me).—(a) With periodate. The ester (127 mg.) 
in methanol (9 ml.) and 0-0758M-sodium metaperiodate (4-4 ml., 1-1 mol.) was left for 30 min. 
The methanol was removed in vacuo at 20°, and the residual solution diluted with a little water 
and extracted with chloroform. Recovery gave a gum (126 mg.) which was extracted with 
boiling light petroleum (b. p. 80—100°) (10 ml., then 5 ml.), leaving an intractable insoluble 
Tesidue (19 mg.). Ether (ca. 1 ml.) was added to the combined petroleum extracts which on 

*® Feigl, ‘‘ Spot Tests,”’ Elsevier, New York, 1954, Vol. II, p. 102. 
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cooling deposited the compound as needles (75 mg.), m. p. 126—130°, raised by recrystallisation 
from the same solvent or from aqueous methanol to 137—139°, [a],,** + 127° (c 0-6 in MeOH) 
(Found: C, 64-5; H, 6-85; OMe, 15-8. C,,H,,O, requires C, 64-6; H, 6-7; 20Me, 15-9%), 
Vmax. (@) 3510 (OH), 1728 and 1718 (C=O), and 1641 cm. (C=C); (6) in CCl, 1738 cm... The 
compound took up 1-67 mol. of hydrogen and consumed 2-0 mol. of perbenzoic acid in 3 days 
at 0°; in the same time, the ester (X XVII; R = Me) consumed 1-7 mol. of perbenzoic acid. 

(b) With sodium bismuthate. The ester (126 mg.) in 80% acetic acid (7-5 ml.) was shaken 
with “‘ AnalaR ” sodium bismuthate (105 mg.) for 2-5 hr. Then 3n-sodium hydroxide (22-5 ml.) 
was added, the solution extracted with chloroform, and the extract washed with aqueous sodium 
hydrogen carbonate and water. Recovery gave a gum (120 mg.) which was treated as in (a), 
giving crystals (21 mg.), m. p. 123—128°, raised to 131—133° by recrystallisation and identical 
(mixed m. p. and infrared spectrum) with the product from (a). 

(c) With lead tetra-acetate. Lead tetra-acetate (51 mg.) was added to a solution of the ester 
(42-4 mg.) in anhydrous benzene (3 ml.). Reaction began immediately. The mixture was left 
overnight, then filtered from lead acetate, and the filtrate and washings were- evaporated 
in vacuo, yielding crystals (41-8 mg.), m. p. 125—131°, raised to 137—139° by recrystallisation, 
identical (mixed m. p. and infrared spectrum) with the compound prepared by method (a). 

The compound was unstable in methanol-concentrated hydrochloric acid (100: 1) at 20° 
and decomposed rapidly in hot methanolic hydrogen chloride and in hot dilute hydrochloric 
acid. 

Treatment of this compound with acetic anhydride in pyridine for 18 days and chrom- 
atography of the gummy product in benzene on alumina gave the acetate which crystallised from 
ether-light petroleum (b. p. 40—60°) in prisms, m. p. 123—124° (Found: C, 64-0; H, 6-6; 
OMe, 14-25. C,,H,,O, requires C, 63-9; H, 6-5; 20Me, 14:35%), vmax, 1737 and 1642 cm. 
(no absorption in the OH stretching region). The compound was recovered after treatment 
with acetic anhydride in pyridine for 45 hr. 

The compound (39-1 mg., 0-0001 mol.) and dimethyl] 2,3,7-trihydroxy-1-methyl-8-methylene- 
gibb-4-ene-1,10-dicarboxylate (XXVII; R = Me) (42-4 mg., 0-0001 mol.) were separately 
heated under reflux with methanol (2 ml.) and 0-10bN-sodium hydroxide (5-991 and 6-000 ml. 
respectively) in a current of nitrogen for 6-5 hr. After cooling, back-titration with 0-101n- 
hydrochloric acid showed that the two compounds had consumed 3-04 and 2-11 equivs. of base 
respectively. 

Dimethyl 2,7-Dihydroxy-1-methyl-8-methylene-3-oxogibb-4-ene-1,10-dicarboxylate (XXVIII).— 
The ester (XXVII; R = Me) (613 mg.) in chloroform (30 ml.) was shaken with manganese 
dioxide (6 g.) for 72 hr. The mixture was filtered and the filtrate and washings were taken to 
dryness. The gummy product (611 mg.) (Amax. 239 my, £{%,, 175) was triturated with ethyl 
acetate, giving crystals (215 mg.), m. p. 95—100° (decomp.), which recrystallised from ethyl 
methyl ketone-light petroleum (b. p. 60—80°) in prisms of the kefol (XXVIII), m. p. 105—120° 
(decomp.) (not altered by further recrystallisation), {«),,!5 + 121° (c 1-0 in MeOH) [Found: C, 
61-85; H, 6-8; OMe, 15-05; H,O (Karl—Fischer), 3-8. C,,H,,0,,H,O requires C, 61-75; H, 
6-9; 20Me, 15:2; H,O, 44%], Amax, 240 my (e 17,000), vmax, (2) 3590, ~3390 (sh), 3330, 3260, 
1717, and 1667 cm.}, (b) in CHCl, 1728 (esters) and 1682 cm.! (cyclohexenone). It took up 
2-2 mol. of hydrogen. 

The monoacetate, prepared with acetic anhydride in pyridine and purified by chromatography 
on alumina in benzene—methanol (200: 1), crystallised from ethyl acetate—light petroleum (b. p. 
60—80°) in needles, m. p. 151—153° (Found: C, 63-45; H, 6-7. C,,H,.,O, requires C, 63-9; H, 
65%), Amax, 240 my (e 17,900), vngx. 3520 (OH), 1759, 1746, 1721, 1681 (C=O), and 1650 cm.7 
(C=C). 

Attempts to prepare an oxime and a dinitrophenylhydrazone failed. 

The ketol slowly reduced cold Fehling’s solution and rapidly reduced Tollens’s reagent. It 
gave a reddish-purple colour in the triphenyltetrazolium chloride test but did not give metallic 
bismuth with bismuth oxide in hot acetic acid. 

The ketol (39-7 mg.) in methanol (3 ml.) was treated with 0-09m-sodium metaperiodate 
(1:21 ml.) for 18 hr. Recovery gave starting material (38 mg.), m. p. 100—110° (decomp.). 
The ketol was recovered after being shaken with sodium bismuthate in acetic acid for 19 hr. 

Reduction of the Ketol (XXVIII) by Sodium Borohydride.—Sodium borohydride (299 mg.) in 
ethanol (40 ml.) was added to the ketol (259 mg.) in ethanol (10 ml.) and left for 90 min. Excess 
of borohydride was decomposed with acetic acid, and the ethanol removed in vacuo at 25°. 
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Water was added and the gummy product (252 mg.) recovered in ethyl acetate. The gum in 
benzene-ether (5:1; 18 ml.) was chromatographed on alumina (6 x 1-8 cm.). Elution with 
benzene—methanol (ratios and volumes in parentheses) gave the following gums: (i) (200: 1; 
100 ml.) 1 mg., (ii) (100: 1; 200 ml.) 15 mg., (iii) (50:1; 50 ml.) 19 mg., (iv) (50:1; 300 m1.) 
158 mg., (v) (20:1; 50 ml.) 15 mg. Fractions (i) and (iii) were intractable, but fractions (iv) 
and (v) crystallised from methanol as prisms (58-2 mg.), m. p. 88—98°. Recrystallisation from 
methanol gave prisms, m. p. 96—99° (gas evolution at 108°), identical (mixed m. p. and infrared 
spectrum) with the methanol solvate of the dimethyl ester (XXVII; R = Me). On drying at 
90—95° in vacuo the product formed needles, m. p. 135—137°, not depressed on admixture 
with the solvent-free dimethyl ester (X XVII; R = Me). 

Periodate Estimations.—The compounds in methanol solution were treated with excess of 
sodium metaperiodate solution and set aside. The periodate consumption was determined by 
adding sodium hydrogen carbonate solution, 0-1N-sodium arsenite, and excess of potassium 
iodide, and estimating the excess of arsenite with 0-05N-iodine. 


Periodate Periodate 
Time consumed Time consumed 
Compound (hr.) (mol.) Compound (hr.) (mol.) 
Me gibberellate ......... 17-5 0 Me, 2,3,7-trihydroxy-1,8-dimethylgib- 
(XXVIII; R = Me) 4 1-15 bane-1,10-dicarboxylates (8-epimers) 16-75 0-96 
(XXVII; R=Me)_ 165 1-17 peer 3) &: eee 17 0-08 
COLFERSEED COR BEOD. scccovicesssesvessess 23 0-06 


Lactonisation of the Dicarboxylic Acid (XXVII; R = H).—(i) The acid, when heated in vacuo 
at 130° for 2-25 hr., frothed vigorously. The product in dioxan solution showed an infrared 
y-lactone band of the same intensity as gibberellic acid. 

(ii) The acid (270 mg.) was heated under reflux in dry toluene for 24 hr.; it did not 
dissolve. When cold the pale orange solid was collected (214 mg.) and contained 76% of 
y-lactone (by infrared estimation). It was methylated with diazomethane, and the resultant 
gum chromatographed in benzene on alumina (30 g.) and eluted as follows: Fractions (i)—(vi) 
{benzene—methanol (200: 1) (700 ml.)] and (vii) and (viii) [benzene—methanol (100: 1) (250 ml.)] 
gave intractable gums (37 mg.); fractions (ix)—(xiii) [benzene—methanol (100: 1) (500 ml.)] 
yielded a gum (109 mg.) which crystallised from ethyl acetate—light petroleum (b. p. 60—80°) in 
prisms of methyl 1-carboxy-2,3,7-trihydroxy-\-methyl-8-methylenegibb-4-ene-10-carboxylate 1->3- 
lactone (X XIX) (54 mg.), which after recrystallisation had m. p. 174°, [a,,"* + 122° (c 0-76 in 
EtOH) (Found: C, 66-6; H, 6-7. C.9H,,O, requires C, 66-65; H, 6-7%), vmax. (@) 3360 and 3300 
(OH), 1747 and 1731 (C=O), 1679 and 1660 cm. (C=C); (b) in CH,Cl, 1772 (y-lactone), 1725 
(ester), 1672 and 1660 cm.} (C=C). 

Attempted Oxidation of the Ester (X XIX) with Manganese Dioxide.—The ester (20 mg.) and 
manganese dioxide (as used for the oxidation of methyl gibberellate; 200 mg.) in chloroform 
(l-5 ml.) were shaken for 14 days. Recovery yielded a gum which showed no ultra- 
violet absorption maximum between 220 and 250 my; it crystallised from ethyl acetate-light 
petroleum (b. p. 60—80°) in prisms (8 mg.), m. p. 170—173°, of the starting ester. 

Reduction of the Keto-ester (VII; R = Me) by Lithium Aluminium Hydride.—The ester (991 
mg.) in purified dry tetrahydrofuran (50 ml.) was added dropwise to lithium aluminium hydride 
(1:16 g.) in boiling tetrahydrofuran (150 ml.), and the mixture heated under reflux for 24 hr. 
After cooling, the excess of hydride was decomposed with ethanol-ether, saturated ammonium 
chloride solution added, and the tetrahydrofuran removed in vacuo at 20°. Water was added 
to the residue and the suspension extracted with ten portions of ethyl acetate. The combined 
extracts were washed with a little water and evaporated, giving a foam (585 mg.). The product 
in methanol (4 ml.) and benzene (40 ml.) was chromatographed on alumina (20 g.; 9 x 1-7.cm.). 
Elution with benzene—methanol (50: 1) (250 ml.) and (25: 1) (450 ml.) gave gums (27 mg. and 
235 mg. respectively). Finally elution with benzene—methanol (50: 3) (200 ml.) yielded a gum 
(314 mg.) which crystallised from ethyl acetate as a mixture of a gummy amorphous powder 
and nodules. The latter (106 mg.), m. p. 160—165°, were separated by hand-picking and 
tecrystallised from ethyl methyi ketone-light petroleum (b. p. 60—80°), giving 1,10-bishydr- 
oxymethyl-1 ,7-dimethyl-7a-gibbane-2,4a,8-triol (XX XIII) as needles, m. p. 177—180° (Found: 
C, 67-2; H, 9-5. C,,H,,O, requires C, 67-0; H, 9-5%), having very strong broad OH absorp- 
tion at 3330 cm. but no C=O band. 

Reduction of Gibberellin A, Methyl Ester (V; RK = Me) by Lithium Aluminium Hydride.—The 
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ester (1-0 g.) in tetrahydrofuran (40 ml.) was reduced with lithium aluminium hydride (1-0 g.) in 
tetrahydrofuran (125 ml.). The product (607 mg.), which showed carbonyl absorption, was 
isolated as in the preceding experiment. It was chromatographed in methanol (2 ml.) and 
benzene (30 ml.) on alumina (11 x 1-7 cm.) and eluted with benzene—methanol (ratios and 
volumes in parentheses), giving fractions (i) (25:1; 700 ml.) 297 mg., gum, (ii) (50:3; 200 ml.) 
227 mg., gum, and (iii) (10: 1; 220 ml.) 93 mg., gum. Fraction (i) was intractable but fractions 
(ii) and (iii) on dissolution in boiling ethyl acetate immediately separated as crystals (190 mg.), 
m. p. 190—200°, which after rechromatography on alumina gave a solid. Treatment of this 
with a small volume of hot ethyl acetate gave 1,10-bishydroxymethyl-1-methyl-8-methylenegibbane- 
2,4a,7-triol (XXXII) (107 mg.), m. p. 195—198° (Found: C, 67-2; H, 9-0. Cj 9H 390; requires 
C, 67-4; H, 8-9%). In the infrared region it showed strong OH absorption but no carbonyl 
absorption. On microhydrogenation the pentaol took up 0-84 mol. of hydrogen. 


I am indebted to Dr. L. A. Duncanson and Mr. M. B. Lloyd for the infrared spectra, to 
Messrs. D. Gardner, P. J. Keay, P. H. Melvin, and D. A. Wilson for technical assistance, and 
to several colleagues for helpful discussion. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, AKERS RESEARCH LABORATORIES, 
THE FRYTHE, WELWYN, HERTs. [Received, January 7th, 1960.| 


607. (Gibberellic Acid. Part XIV.1 1,7-Dimethylfluoren-2-ol. 
By B. E. Cross and P. H. MELVIN. 


1,7-Dimethylfluoren-2-ol has been synthesised and is identical with a 
fluorenol, m. p. 202—204° (decomp.), obtained by degradation of gibberellic 
acid. ' 


CONVERSION of gibberellic acid into a 4a-hydroxy-1,7-dimethyl-2,8-dioxo-7«-gibbane-1,10- 
dicarboxylic acid 1->4a-lactone (I), followed by selenium dehydrogenation, gave! a 
fluorenol, m. p. 202—204° (decomp.), which is now shown to be 1,7-dimethylfluoren-2-ol by 
its unambiguous synthesis. 

3-Bromo-o-cresol (OH = 1) was prepared from 2-bromo-6-nitrotoluene ? by way of 
the amine as described by Noelting,? and converted into its methyl ether. An attempt to 
prepare 3-bromo-o-toluidine by hydrogenating 2-bromo-6-nitrotoluene with a palladised 
charcoal catalyst gave a partly debrominated product. 

The Grignard reagent from the bromo-ether reacted with 2,6-dimethyl-4-oxobenz- 
m-oxazine,* to give 2’-acetamido-3-methoxy-2,5’-dimethylbenzophenone.5 Hydrolysis 
of the acetyl derivative to the amine followed by diazotisation and ring closure gave 2-meth- 

fe} oxy-1,7-dimethylfluorenone which on demethylation yielded 2- 
hydroxy-1,7-dimethylfluorenone. Reductive demethylation of the 

Ag Me methoxyfluorenone yielded 1,7-dimethylfluoren-2-ol but also, and in 
sd Me Pa larger amount, 1,7-dimethylfluorene.* However, Wolff—Kishner 

HO,C reduction of the methoxyfluorenone gave 2-methoxy-1,7-dimethyl- 

(I) fluorene, demethylation then affording 1,7-dimethylfluoren-2-ol in 

good yield. The latter was shown by its mixed melting point and ultraviolet and infrared 

absorption spectra to be identical with the fluorenol obtained by dehydrogenation of the 
diketone (I). 





EXPERIMENTAL 


M. p.s are corrected. The ultraviolet absorption spectra and alumina for chromatography 
were obtained as described previously.! 


1 Part XIII, preceding paper. 

2 Gibson and Johnson, /., 1929, 1229. 

% Noelting, Ber., 1904, 37, 1015. 

* Mulholland and Ward, /., 1954, 4676. 

5 Cf. Lothrop and Goodwin, J. Amer. Chem. Soc., 1943, 65, 363. 
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2-Bromo-6-nitrotoluene ? (48% yield from 2,6-dinitrotoluene) had b. p. 136°/8 mm., m. p. 
41—42° (lit.,2 m. p. 42°). ; 

3-Bromo-o-cresol prepared * from the nitro-compound had m. p. 95° (Found: C, 44-8; H, 
3-8; Br, 42-7. Calc. for C,H,OBr: C, 45-0; H, 3-7; Br, 42-7%) (lit.,3 m. p. 94-5°). 

Hydrogenation of 2-Bromo-6-nitrotoluene.—The nitro-compound (5 g.) and 5% palladised 
charcoal (0-5 g.) in ethanol, shaken in hydrogen at room temperature and pressure until 3 mol. of 
hydrogen had been absorbed, gave a partially debrominated oil, b. p. 124°/7 mm. (Found: Br, 
151. Calc. for C,H,NBr: Br, 43-0%). It gave an acetate, m. p. and mixed m. p. with N- 
acetyl-3-bromo-o-toluidine, 163° (lit.,6 m. p. 164-5°). 

2-Bromo-6-methoxytoluene.—3-Bromo-o-cresol (30 g.) in water (75 ml.) and 20% sodium 
hydroxide solution (48 ml., 1-5 mol.) was heated on a water-bath, and dimethyl sulphate 
(19-1 ml.) was added at a rate sufficient to keep the mixture boiling. After 35 minutes’ further 
heating, more dimethyl sulphate (3-8 ml.) was added dropwise, the mixture was heated for 
10 min., and more 20% sodium hydroxide solution (8 ml.) added. The last process was repeated 
four more times. An ethereal solution of the red oily product was washed with 20% potassium 
hydroxide solution and water and dried. Distillation gave the methyl ether (29-7 g.), b. p. 
108°/9 mm. (Found: C, 47-6; H, 4-5; Br, 39-4; OMe, 15-3. C,H,OBr requires C, 47-8; H, 
45; Br, 39-8; OMe, 15-4%). 

2’-Acetamido-3-methoxy-2,5’-dimethylbenzophenone.—A Grignard reagent from 2-bromo-6- 
methoxytoluene (18-03 g.) and magnesium (2-33 g.) in ether (60 ml.) was filtered and added 
dropwise during 1 hr. to 2,6-dimethyl-4-oxobenz-m-oxazine * (15-71 g.) in ice-cold benzene 
(250 ml.) under nitrogen. The orange suspension was left for 1 hr. at room temperature, then 
heated at 30° for 1 hr., cooled, and poured on ice (400 g.) and 3Nn-sulphuric acid (280 ml.). The 
organic layer was combined with ether washings of the aqueous layer and washed with water, 
sodium hydrogen carbonate solution, and water. The ether was removed and the residue 
steam-distilled. The non-volatile product was washed in ether with water and dried, giving on 
recovery a brown gum (24-1 g.). This was chromatographed in ether-light petroleum (b. p. 
40—60°) (1:1; 60 ml.) on alumina (40 x 4-5 cm.) in ultraviolet light. Elution with ether— 
light petroleum (b. p. 40—60°) (1: 1), ether, and ether—-methanol (20: 1) of several fluorescent 
bands gave 8 fractions consisting of orange gums (total 20-8 g.) which failed to crystallise but 
all gave the amine on hydrolysis. One fraction was sublimed at 115°/10™¢ mm., giving 2’-acet- 
amido-3-methoxy-2,5'-dimethylbenzophenone as a yellow resin (Found: C, 72-6; H, 6-4; N, 5-5; 
OMe, 11-1. C,,H,,O,;N requires C, 72-7; H, 6-4; N, 4-7; OMe, 10-4%) which crystallised when 
seeded with a specimen prepared by acetylating the free amine (see below). 

2’-Amino-3-methoxy-2,5'-dimethylbenzophenone.—The above gummy amide (9-5 g.) was 
heated in ethanol (90 ml.) and concentrated hydrochloric acid (27 ml.) under reflux for 4 hr. 
The solution was basified with 7% aqueous ammonia (180 ml.), and the yellow precipitate 
(8:1 g.), m. p. 128—130°, was collected. Crystallisation from methanol gave the amine as yellow 
prisms, m. p. 131—132° (Found: C, 74-9; H, 6-95; N, 5-7; OMe, 12-4. (C,,H,,O,N requires 
C, 75:3; H, 6-7; N, 5-5; OMe, 12:2%). The acetyl derivative formed yellow prisms from 
benzene-light petroleum (b. p. 60—80°), m. p. 93—94° (Found: C, 73-0; H, 6-85; N, 4:8%). 

2-Methoxy-1,7-dimethylfiluorenone.—A solution of the above amine (2-05 g.) in hydrochloric 
acid (160 ml.) and water (80 ml.) was diazotised at 0—4° with sodium nitrite (0-70 g.) in water 
(10 ml.) and allowed to warm to 11° during 1 hr. The solution was then heated on a water- 
bath for 2 hr. and finally under reflux for 30 min. The brownish-orange solid (1-66 g.), m. p. 
140—155°, which separated was collected and washed with water. Crystallisation from 
benzene-light petroleum (b. p. 60—80°) (charcoal) gave the fluorenone as orange prisms 
(1-01 g.), m. p. 167—168° (Found: C, 80-9; H, 6-1; OMe, 13°3. (C,,H,,O, requires C, 80-6; H, 
5-9; OMe, 13-0%). The oxime, prepared in pyridine, formed yellow plates (from benzene), m. p. 
207—208° (Found: C, 76-0; H, 6-1; N, 5°65. C,,H,,O,N requires C, 75-9; H, 6-0; N, 5-5%). 

2-Methoxy-1,7-dimethylfluorene.—2-Methoxy-1,7-dimethylfluorenone (1-035 g.), 100% hydr- 
azine hydrate (1-5 ml.), and sodium (0-40 g.) in ethanol (8 ml.) were heated in a sealed tube at 
185° for 6-5 hr. The crystalline product (759 mg.; m. p. 168—169°) was collected, washed 
with water, and crystallised from methanol, giving 2-methoxy-1,7-dimethylfluorene as prisms, 
m. p. 168—169° (Found: C, 85-7; H, 7-15; OMe, 13-85. C,,H,,O requires C, 85-7; H, 7-2; 
OMe, 13-8%), Amax. (in EtOH) 274—275, ~284, 303, and 313—314 muy (log ¢ 4-35, 4-25, 3-78, and 
3-74 respectively). 

* Coffey, J., 1926, 637. 
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1,7-Dimethylfluoren-2-ol.—(a) 2-Methoxy-1,7-dimethylfluorenone (937 mg.), red phosphorus 
(117 mg.), acetic acid (12 ml.), and hydriodic acid (6 ml.; d 1-70) were refluxed for 96 hr. The 
solids were collected, washed with water, extracted with ether-light petroleum (b. p. 40—60°) 
(2:1; 15 ml.), and filtered from red phosphorus. The extract was chromatographed on 
alumina (15 x 1-3 cm.) in ultraviolet light. Elution with ether—light petroleum (pb. p. 40—60°) 
(2: 1) gave (i) a blue fluorescent eluate followed by (ii) a dark grey band the tail of which was 
eluted with ether. 

Fraction (i) crystallised from methanol in curved needles (233 mg.), m. p. 105—107°, raised to 
107—107-5° on recrystallisation (Found: C, 92-4; H, 7-3. Calc. for C,;H,,: C, 92-7; H, 
7-3%), identical with 1,7-dimethylfluorene (infrared spectrum). 

Fraction (ii) (272 mg.), m. p. 184—194°, crystallised from benzene in needles; it was 1,7-di- 
methylfluoren-2-ol (186 mg.), m. p. 198—199° (decomp.), raised to 202—204° (decomp.) (varied 
with the rate of heating) by recrystallisation (Found: C, 85-55; H, 6-8. C,;H,,O requires C, 
85-7; H, 67%), Amax. (in EtOH) 275, ~283, 305, and 313 my (log ¢ 4:33, 4-28, 3-75, and 3-7] 
respectively), Amax. (in 0-10N-NaOH) 294—296 and ~318 my (log ¢ 4-29 and 4-01 respectively); 
the acetate crystallised from methanol and from benzene-light petroleum (b. p., 60—80°) in 
needles, m. p. 153—155° (Found: C, 81-2; H, 6-5. C,,H,,O, requires C, 80-9; H, 6.4%). The 
methyl ether crystallised from methanol in prisms, m. p. 168—169°, not depressed on admixture 
with the specimen prepared as above. 

(b) 2-Methoxy-1,7-dimethylfluorene (505 mg.), acetic acid (25 ml.), and 48% hydrobromic 
acid (20 ml.) were heated under reflux for 4 hr. The crystalline product [337 mg.; m. p. 196— 
198° (decomp.)}] which separated on cooling was washed with water and combined with more 
material [90 mg.; m. p. 180—196° (decomp.)] obtained by diluting the filtrate with water. It 
was chromatographed in ether-light petroleum (b. p. 40—60°) (2: 1) onalumina. The fractions 
eluted with ether-light petroleum (b. p. 40—60°) (2:1) and with ether crystallised from 
benzene-light petroleum (b. p. 60—80°) in needles of the fluorenol, m. p. and mixed m. p. 202— 
204° (decomp.). 

2- Hydroxy - 1,7 - dimethylfluorenone.—2 - Methoxy -1,7-dimethylfluorenone (500 mg.) was 
demethylated as described for 2-methoxy-1,7-dimethylfluorene. The product, red needles 
(438 mg.), m. p. 210—211°, in ether (70 ml.) was chromatographed on alumina (19 x 2-5 cm.) 
Elution with ether and with ether—-methanol (99: 1) afforded a red solid (420 mg.), m. p. 213— 
218°, which crystallised from acetic acid in red needles of 2-hydroxy-1,7-dimethylfluorenone, 
m. p. 225—226°. Good analyses were only obtained after sublimation in vacuo (Found: C, 
79-9; H, 5-4. C,,H,,O, requires C, 80-3; H, 5-4%). 


The authors are indebted to Mr. D. Gardner for the preparation of 3-bromo-o-cresol and to 
Dr. L. A. Duncanson for the infrared spectra. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, AKERS RESEARCH LABORATORIES, 
THE FrRYTHE, WELWYN, HERTs. (Received, January 7th, 1960.] 





608. Gibberellic Acid. Part XV.* The Nuclear Magnetic Resonance 
Spectra and Structures of Gibberellic Acid Derivatives. 
By N. SHEPPARD. 
The hydrogen (proton) nuclear magnetic resonance spectra of methyl 


gibberellate and its acetyl derivative give detailed evidence for the structure 
of ring A of gibberellic acid. 


THE structure (I; R= R’ = H) has recently’? been proposed for gibberellic acid on 
evidence from chemical and spectroscopic measurements. In this paper the evidence that 
hydrogen (proton) nuclear magnetic resonance spectroscopy provides for this structure is 
considered in more detail. 

Much of the previous discussion in the literature on the structure of gibberellic acid has 


* Part XIV, preceding paper. 


1 Cross, Grove, MacMillan, Moffatt, Mulholland, Seaton, and Sheppard, Proc. Chem. Soc., 1959, 302. 
2 Cross, Grove, McClosky, Mulholland, and Klyne, Chem. and Ind., 1959, 1345. 
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been concerned with ring a. It will be shown that the nuclear magnetic resonance 
spectrum provides strong support for the structure of this ring shown in (I) and'rules out 
all but one of the alternatives (II—V) **5 that have been considered. The remaining 
structure, (V), would be very difficult to distinguish from (I) on the basis of its nuclear 
resonance spectrum and all the spectroscopic arguments of sections (1)—(3) below can be 
applied equally well to it. However, there appear to be sound chemical grounds for 
preferring (I) to (V),1® so that the latter will be disregarded here. The nuclear resonance 
spectrum also provides some evidence for the stereochemical relation of substituents on 
ring B and, by implication, for the relative arrangement of rings A and B. 


Oo-—=CO 

OH co 
Le he ale 

Me Me Me Me 

(II) (111) (1V) (V) 





The first magnetic resonance measurements were made on methyl gibberellate? (I; 
R= Me, R’ = H) and its dihydro- § (VI) and tetrahydro-derivative ? (VII; R = H), all 
dissolved in dioxan. The spectra of the first and the last of these are illustrated in Figs. a 
andc; much of the spectrum of the solute cannot be observed because of the strong solvent 
bands but, nevertheless, useful information was obtained from these spectra. Subsequently 
the acetyl derivatives ®7.® of these three compounds, as well as methyl benzoylgibberellate, 
became available. These are soluble in chloroform and, because the main band of this 
solvent lies at low chemical shift values, virtually complete spectra (Figs. b, d, e) were 
obtained for them. 

In the Figure the positions of the resonances are plotted on a chemical shift () scale 
based on cyclohexane (¢ = +-3-9) as an internal reference. The individual peaks were 
actually measured relative to the strong solvent resonances (chloroform or dioxan) in 
dilute solutions, these solvent resonances having been calibrated against cyclohexane either 
in separate experiments or, occasionally, im situ. The o scale (which corresponds ap- 
proximately to a zero based on water as a reference) 111 can be converted to the alternative 
s scale, based on tetramethylsilane as an internal reference,!* by adding 4-67 to each of 
the « values. 

(1) Methyl Resonances.—The resonances of methyl groups always give rise to prominent 
features in the spectrum, as all three hydrogen atoms contribute to the same band. 
Further, if there are no immediately adjacent hydrogen atoms to cause splitting of the 
resonance by spin-spin interaction, such bands are very sharp and strong. In the 
spectrum of methyl acetylgibberellate (I; R= Me, R’ = Ac) in chloroform solution 
(Fig. b) there are three such sharp and outstandingly strong bands at o values of 1-6, 3-22, 
and 4-2. The positions of the first two are such that they, and analogous pairs of bands 
in spectra d and e, are clearly to be assigned to the methyl groups of the ester, CH,-[O], 
and of the acetyl group, CH,-[C=O], respectively. As expected, the acetyl band near 
3-2 is missing from the dioxan solution spectra of methyl gibberellate (Fig. a) and of its 
tetrahydro-derivative (Fig. c). 

* Cross, Grove, MacMillan, and Mulholland, Chem. and Ind., 1956, 954. 

* Cross, Grove, MacMillan, Mulholland, and Sheppard, Proc. Chem. Soc., 1958, 221. 

5 Takahashi, Seta, Kitamura, and Sumiki, Bull. Agric. Chem. Soc. Japan, 1958, 22, 432. 

® Cross, J., 1960, 3038. 

7 Cross, J., 1954, 4670. 

® Grove, Jeffs, and Mulholland, J., 1958, 1236. 

* Grove, unpublished work. 

10 Wertz, Chem. Rev., 1955, 55, 829. 

1 Pople, Schneider, and Bernstein, ‘‘ High Resolution Nuclear Magnetic Resonance,’’ McGraw-Hill, 
London, 1959. 

8 Tiers, J. Phys. Chem., 1958, 62, 1151. 
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From its intensity the third peak at o = 4-2 must also correspond to a methyl group 
without immediately adjacent hydrogen atoms, and this rules out structure (IV) which 


has a Me°CH group. From its position the resonance may be attributed to a Me~c&¢ 


C 
group as in (I) or (III). A methyl group attached to a double bond, as in (II), would be 


Hydrogen (proton) nuclear magnetic resonance spectra of (a) methyl gibberellate (1; R = Me, R’ = H) iz 
dioxan, (b) methyl acetylgibberellate (I; R = Me, R’ = Ac) in chloroform, (c) methyl tetrahydyo. 
gibberellate (VII; R =H) in dioxan, (d) methyl acetyltetrahydrogibberellate (VII; R= Ac) in 
chloroform, and (e) the acetyl derivative (VI11) in chloroform. 

Bands in the spectra wholly or partly caused by resonances and side-bands of the solvents ave indicated by 
broken lines. The chemical shift, o, scale is based on cyclohexane (o = +-3-9) as internal standard. 
The zero corresponds approximately to the resonance of H,O. 
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expected to give a much lower o value (near 3), and this structure can therefore also be 
eliminated.‘ 

The spectra of methyl tetrahydrogibberellate (VII; R = H) and its acetyl derivative 
(VII; R = Ac) should show two resonances caused by methyl groups attached to saturated 
carbon atoms, a very sharp one from the methyl substituent on ring a, and a doublet 
caused by the methyl group on ring p. In the spectra observed (Figs. c and @) it appears 
that these two resonances overlap, so that one component of the doublet coincides with 
the sharp methyl band at o ~ 4:3. 

(2) Resonances in the Olefinic CH Region.—The complex of weak bands between ¢ = 
—1-5 and +0-5 in the spectrum of methyl gibberellate (Fig. a) and of its acetyl derivative 
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(Fig. 0), will next be considered. Structure (III) for gibberellic acid should give a spectrum 
considerably different from that of (I), of a type to be discussed in section (4) below. 


° ° 
¢ auc 
HO OH RO oy 
Me CH, Me 


Me 
(VI) MeO,C MeO,C (VII) 








For structure (I), the four olefinic CH bonds (two in ring A, and two in ring D) and the 
single CH bond of type [R’O]-CH-[C=C] in ring A are expected to give bands in this region. 
The spectra of this ester and its acetyl derivative are, as expected, very similar. However, 
it is particularly clear from the spectrum of methyl gibberellate itself (and also from that 
of methyl benzoylgibberellate, not illustrated) that there is a pair of broad resonances of 
similar shape and area at «o = 0-05 and 0-4, one of which overlaps a sharp doublet at 0-02 
in the spectrum of the acetyl compound. The pair of broad bands can be attributed to 
the two olefinic hydrogen atoms of the C=CH, group in ring D, as shown by the fact that 
they occur also in the spectra of methyl allogibberate? and methyl acetyldihydro- 
gibberellate (in the latter case with some detailed modification of the spectrum by an 
overlapping band), in both of which the structure of ring D is retained as in gibberellic 
acid. The single band that remains near 0-4 in the spectrum of methyl acetyltetrahydro- 
gibberellate despite the reduction of the C=CH, group of ring p (Fig. d) is probably to be 
attributed to the CH-[O] group in ring A. _ The bands in this region of the spectrum of the 
dilute dioxan solution of methyl tetrahydrogibberellate are all caused by the solvent. 

The remaining pattern of eight lines between o = +-0-25 and —1-25 in the spectra of 
methyl gibberellate and its derivatives can readily be assigned to the 3-hydrogen system 


2 3 4 
(0|-CH-CH=CH postulated for ring A of structure (I) and provides strong confirmation for 
the presence of this grouping. In particular, if the two doublets between o = —0-25 
and —0-75 are imagined to be collapsed into singlets, the typical 4-line pattern is found, 
as expected for the two chemically non-equivalent olefinic CH bonds." 

The analysis of the pattern is illustrated diagrammatically in Fig. b; for the acetyl 
derivative the chemical shift and coupling constants for these three hydrogen atoms have 
the values o, = 0-025, o, = —0-5, og = —1-05, J, ~ 3:8 c./sec. (observed separations 3-9, 
41, and ~3-3 c./sec.), J, = 9-3 c./sec. (observed separations 9-3, 9-2, 9-4 c./sec.), and 
Ju~9. These values are all consistent with data obtained from olefinic systems of 
analogous structure.14 Although the number of hydrogen atoms contributing to this 
general region of the spectrum could be the same for structure (III) of ring A, the lone 
C=CH group on this ring would then be expected to give a broad resonance with many fine- 
structure components of the type found at —0-36 in Fig. e. The absence of this feature 
weighs heavily against the assignment of structure (III) to ring A of gibberellic acid itself 
(cf. ref. 1). 

(3) Other Resonances.—In the spectrum of methyl acetylgibberellate there is a sym- 
metrical quartet of lines between « = 1-75 and 3 which corresponds to an isolated pair of 
interacting (and therefore chemically adjacent) CH bonds with similar chemical shift 
(¢~2-0 and 2-6, J = 11-0 c./sec.) (observed separations 10-8, 11-2 c./sec.). The only 
reasonable assignments for these two pairs of lines are that they correspond either to 
CH bonds at positions 10 and 10a on ring B, or to those of the 8-methylene group attached 
toring D. The latter hydrogen nuclei are chemically non-equivalent because of the non- 
planarity of ring p. The saturated nature of the surroundings of the other isolated CH, 
group, at position 11, common to rings c and D would cause its resonances to be at higher 
chemical shifts. 

The fact that this quartet of lines persists in the spectra of methyl acetyldihydro- and 
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acetyltetrahydro-gibberellate (in Fig. d the fourth component of the quartet is over- 
lapped by another band) shows that it cannot be assigned to the methylene group of 
ring D, for reduction of the C°:CH, group should then have caused marked changes in the 
position and fine-structure of the resonances. Further, the band at co = 3-1 in the spectrum 
of Fig. a which has disappeared in Fig. c can most probably be assigned to the 9-methylene 
group of ring D. 

It being established that this quartet of lines is probably associated with the CH-CH 
group of ring B, the magnitude of 11-0 c./sec. for the coupling constant between the 10- and 
the 10a-hydrogen atom becomes of interest. From analyses of the spectra of other ring 
compounds #8 it has been shown that the size of this type of coupling constant is very 
sensitive to the mutual orientation of the adjacent C-H bonds, and hence to the relative 
orientations of the other substituents on the two carbon atoms. In six-membered rings 
axial-equatorial and equatorial-equatorial (7.e., gauche) pairs of C-H bonds usually have 
J <3-5 c./sec., whereas axial-axial (i.e, trans) pairs have J] ~5—10 c./sec. One 
possibility is, therefore, that the two C-H bonds are coplanar and trans with respect to each 
other. However, Karplus has shown by theoretical calculation that a cis-configuration 
of adjacent C-H bonds is also expected to give rise to a large coupling constant. All that 
can be concluded is that the two C-H bonds are probably nearly coplanar. However, this 
restriction carries with it implications for the relative orientations of the ester group on 
ring B, and the adjacent C-C bond of ring A. 

A final point concerns the chemical shifts of the two hydrogen atoms giving rise to this 
quartet. Whereas one of these is adjacent to the ester-carbonyl group and its resonance 
is hence expected to be in this region, the other C-H bond is immediately attached only to 
saturated carbon atoms and would normally be expected to give rise to a resonance above 
« = 3. However, no other spectroscopic assignment appears reasonable, and this C-H 
bond has a rather strained and unusual location. 

(4) Spectrum of the Acetyl Derivative (VIII).—The structure of the acetyl derivative 
(VIII) vis-a-vis methyl acetylgibberellate seems to be firmly established on chemical 
grounds, and to be identical with the latter except that ring A has the alternative 

a structure (III). In agreement with this formulation there 
i is strong resonance at 4-2, consistently with the presence of 
AcO OH C 





Me cH, the Me—CCC group of ring A, and broad resonance with 


e0,C 
* (VIII) much semiresolved substructure at —0-35, of the type expected 
for the lone olefinic C-H bond on the same ring. The resonances of such CH groups 
are split into multiplets, not only by immediately adjacent CH bonds, but also by 
long-range interaction with C-H bonds in allylic positions at the other end of the C=C 
linkage." It is possible that the complex —0-35 band comprises also the resonance of 
the CH-[O] group on ring A adjacent to the olefinic CH. 
If the structure (VIII) for this acetyl derivative is correct there are, however, differences 
of a considerable degree between its spectrum (e) and that of methyl acetylgibberellate (0). 
Thus the strong doublet band caused primarily by the saturated CH, groups of ring ¢ at 
o = 3-45 in spectrum (bd) has split into several separate bands (at 3-4, 3-6, and 3-9) in 
spectrum (e). In addition the typical pair of broad bands near +0-1 and +0-4 caused 
by the C=CH, group in spectrum (0) is not readily discernible in spectrum (e) although 
there is a broad resonance near s = +0-25 that is overlapped by bands caused by CH-(0] 
groups which somewhat obscure this region of the spectrum. Finally, the quartet of lines 
in spectrum (b) between o = 1-75 and 3 is considerably modified in spectrum (e). 
To some extent the latter result is expected on structural grounds for in (VIII), with 
structure (III) for ring A, the C-H bond at position 10a has become allylic. Long-range 


18 Pople, Schneider, and Bernstein, op. cit., Chapter 14. 
4 Karplus, J. Chem. Phys., 1959, 30, 11. 
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coupling with the olefinic CH on ring A then causes its resonance, centred near 2-1, to 
consist of a quartet rather than a doublet of lines. The CH group at position 10 probably 
gives rise to the sharp doublet centred near « = 2-8 which is superimposed on another 
broad band, possibly caused by the CH group at position 40. If the above assignment of 
the CH resonances for positions 10 and 10a is correct it is found that the coupling constant 
between them has been reduced from 11-0 c./sec. in methyl acetylgibberellate to 6-3 c./sec. 
in the isomer (observed separations 6-2 and 6-4 c./sec.). This is probably partly caused by 
a change in the angle of twist about the intervening C-C bond of ring B. Indeed, the other 
differences between spectra (b) and (e) seem only to be accountable if either the removal 
of the lactone ring from position 4a, or the movement of the double bond in ring A to 
become adjacent to ring B, has caused a considerable redistribution of steric strain 
throughout the molecule. 


Experimental.—Methyl benzoylgibberellate (By Mr. J. F. Grove). Methyl gibberellate 
(160 mg.) in pyridine (1-5 ml.) was treated with benzoyl chloride (0-05 ml., ca. 1-5 mol.) during 
23 hr. at room temperature in the dark. After removal of volatile constituents at 25°/1 mm., 
the gummy residue was washed in ether with 2n-hydrochloric acid, sodium hydrogen carbonate 
solution, and water. Recovery gave methyl benzoylgibberellate, needles (51 mg.), m. p. 164— 
165° [from ether—light petroleum (b. p. 40—60°)] (Found: C, 70-1; H, 6-25. C,,H,,O, requires 
C, 69-8; H, 6-1%), vmax. (Nujol mull) 3500, 3420 (OH), 1784, 1741, 1729, 1716 cm. (C=O). 

Spectra. The nuclear magnetic resonance spectra were obtained with a Varian Associates 
V-4300 B spectrometer operating at 40 Mc. with sample spinning and flux stabilisation. The 
quoted separations are normally correct to + 0-3 cycle/sec., and the o values to + 0-05 in units 
of 10° (7.¢., +2 c./sec.). 


The author is indebted to Dr. B. E. Cross and Mr. J. F. Grove (Akers Research Laboratory, 
Imperial Chemical Industries Limited), who suggested this application of nuclear magnetic 
resonance, provided the samples, and gave much help in discussions. He is also grateful to 
Mr. E. Liddell for obtaining most of the spectra. The nuclear magnetic resonance spectrometer 
was purchased with a grant from the Wellcome Foundation. 

University CHEMICAL LABORATORY, 

LENSFIELD Roap, CAMBRIDGE. (Received, January 8th, 1960. 


Gibberellenic Acid. 
By J. S. MorFatTrt. 

Comparison of the ultraviolet light absorptions of gibberellenic acid, the 
conjugated dienone obtained on oxidation of methyl gibberellenate, and the 
monocyclic dienone, ethyl 1-methyl-6-oxocyclohexa-2,4-dienecarboxylate, 
whose synthesis is described, shows that in the first two compounds the con- 
jugated double bonds are hetercannular. The above-mentioned dienone 


partly undergoes a dienone—phenol rearrangement in which apparently the 
ethoxycarbonyl group migrates. 


DurING early studies on gibberellic acid in these laboratories and elsewhere}? it was 
observed that aqueous solutions on storage slowly developed strong absorption at 253— 
257 mu. Attempts to isolate the decomposition product, which was evidently associated 
with a spot at Ry 0-02 in paper chromatograms where the butanol—-ammonia system was 
used,? by means of evaporation of the aqueous solutions and preparative paper chrom- 
atography of the residues with the solvent system chloroform-ethanol-water-formic acid 4 


Part XV, preceding paper. 


Gerzon, Bird, and Woolf, Experientia, 1957, 18, 487. 

Kavanagh and Kutzel, J. Agric. Food Chem., 1958, 6, 459. 

Brian, Grove, Hemming, Mulholland, and Radley, Plant Physiol., 1958, 38, 329. 
Radley, Nature, 1956, 178, 1070. 
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gave amorphous products. These were less mobile than gibberellic acid and showed strong 
absorption at 254 my but could not readily be purified. However, storage of aqueous 
calcium gibberellate over an excess of calcium carbonate for a prolonged period (5$ months) 
and working up afforded a silver salt, C,gH,,O,Ago, Amax. 256 my (¢ 16,750 in H,O), of the 
product responsible for the strong light absorption. Thereafter, owing to the co-operation 
of Dr. Gerzon who kindly informed us of his results before publication,! we were able 
to isolate small quantities of the pure decomposition product gibberellenic acid by fractional 
crystallisation of crude gibberellic acid obtained from culture filtrates.6 Subsequently it 
was obtained ® by the action of hydrazine on gibberellic acid. 

Gerzon, Bird, and Woolf} favoured structure (I; R = H, R’ = OH) over the altern- 
ative (II; R= H, R’ = OH) for gibberellenic acid; its light absorption, however, 
particularly its high intensity (Amax. 253 mu; ¢ 22,400 in EtOH), seemed to be rather more 


R’ hon Co OH 


(I) COR CO,R 


in accord with the latter structure. Oxidation of methyl gibberellenate by manganese 
dioxide at room temperature afforded a conjugated dienone C,,H,,0,, whose light absorp- 
tion (Amax, 309 mu; ¢ 16,500 in EtOH) decisively indicated for it the heteroannular structure 
(II; R = Me, R’ = O). 

For comparison, the homoannular dienone, ethyl 1-methyl-2-oxocyclohexa-3,5-diene- 
carboxylate was synthesised. Bromination of ethyl 1-methyl-2-oxocyclohexanecarb- 
oxylate’ in chloroform yielded the 3-bromo-ester which, contrary to statements in the 
literature,* could be readily purified by distillation. With methanolic Brady’s reagent it 
gave, not unexpectedly,® the dinitrophenylhydrazone, m. p. 141—142°, of the 3-methoxy- 
ester; on the other hand Yanagita, Inayama, and Kitagawa reported that the bromo- 
ketone with alcoholic 2,4-dinitrophenylhydrazine gave a tetrahydroindazolone derivative, 
m. p. 143—145°. Dehydrobromination of the bromo-ketone yielded ethyl 1-methyl-2-oxo- 
cyclohex-3-enecarboxylate *" which, on bromination with N-bromosuccinimide afforded 
the 5-bromo-derivative. Dehydrobromination with quinoline then gave the required 
dienone, characterised by its formation of adducts with maleic anhydride and methyl 
acetylenedicarboxylate respectively and by its absorption of 1-7 mols. of hydrogen in the 
presence of palladium to give ethyl 1-methyl-2-oxocyclohexanecarboxylate characterised 
as its 2,4-dinitrophenylhydrazone. The ultraviolet light absorption of the dienone, Amax 
301 mu (e 3900 in EtOH) was similar to those of other cyclohexa-2,4-dienones 12 and shows 
that the dienone derived from gibberellenic acid has the heteroannular arrangement of 
double bonds as represented in (II). 

For possible application to the study of gibberellic acid derivatives it was of interest to 
submit our synthetic dienone to the conditions of the dienone—phenol rearrangement. 
With warm, dilute sulphuric acid it yielded a complex mixture which was separated into 
o-cresol (about 18%), other neutral, probably dimeric products, and 3-hydroxy-2-methyl- 
benzoic acid (about 6%). In the formation of this acid the ethoxycarbonyl group ap- 
parently migrates to an adjacent position during a dienone—phenol rearrangement. 
Although the previously reported }* migration of an ethoxycarbonyl group in a somewhat 

5 Curtis and Cross, Chem. and Ind., 1954, 1066. 

® Grove and Mulholland, J., 3007. 

7 Bachmann and Raunio, J. Amer. Chem. Soc., 1950, 72, 2530. 

8 Mukherjee, J. Indian Chem. Soc., 1948, 25, 155. 

® Cf. Ramirez and Kirby, J. Amer. Chem. Soc., 1952, 74, 4331. 

© Yanagita, Inayama, and Kitagawa, J. Org. Chem., 1956, 21, 612. 

11 Gunstone and Tulloch, J. Appl. Chem., 1954, 4, 291. 

12 Inter al., Conroy and Fireston, J. Amer. Chem. Soc., 1956, 78, 2290; Cookson and Wariyar, J. 


1956, 2302; Curtin and Fraser, Chem. and Ind., 1987, 1358. 
13 Plieninger and Suehira, Chem. Ber., 1956, 89, 2789. 
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similar dienone has been interpreted in terms of a 1,2-shift of this group, it seems un- 
likely that in our compound the ethoxycarbonyl group would migrate more readily than 
does the methyl group if indeed it would migrate at all. Probably, the 3-hydroxy-2- 
methylbenzoic acid is produced by some other, as yet unknown mechanism. 


EXPERIMENTAL 


M. p.s are corrected. Ultraviolet absorption was measured with a Unicam S.P. 500 spectro- 
photometer. 

Decomposition of Gibberellic Acid in Aqueous Solution.—Solutions of gibberellic acid (100 mg.) 
in sterile water (100 ml.) were stored at room temperature and their absorption at 254—257 my 
measured at intervals. Maximum absorption was normally reached in about 80 days, where- 
after it gradually declined. In a typical experiment a solution which had been stored for 
35 days showed Amax, 254 my (E}%, 94). It was evaporated at 25—30° under reduced pressure. 
Chromatography of the residue on Whatman 3 MM. paper by Radley’s method ‘ afforded two 
well-defined zones, of Ry 0-83 (gibberellic acid) and 0-61 which were revealed on spraying marker 
strips with 10: 1 ethanol-sulphuric acid, drying them at 60—65°, and examining them in ultra- 
violet light. Elution of the slower-moving zone with 9:1 methanol—water afforded a gum 
(19 mg.) which was extracted with cold acetone. Concentration of the extract to small volume 
and dilution with benzene yielded amorphous, impure gibberellenic acid (7 mg.), m. p. 153— 
157° (decomp.), Amax, 254 my (E}%, 239 in EtOH). 

Decomposition of Calcium Gibberellate in Aqueous Solution.—A suspension of gibberellic acid 
(500 mg.) and powdered calcium carbonate (720 mg.) in water (25 ml.) was shaken for 24 lir. and 
then stored for 166 days with occasional shaking. The mixture was filtered and the residue 
washed with water. Evaporation of the filtrate at 25—-30° under reduced pressure afforded a 
crude calcium salt [540 mg.; Amex, 255 my (E}%, 197 in ethanol)]. A portion (40 mg.) of this, 
in water (4 ml.), was treated with 2n-silver nitrate (0-8 ml.). A trace of gelatinous material 
was immediately filtered off and the filtrate treated with more 2n-silver nitrate (1 ml.). Next 
morning the resulting precipitate of silver gibberellenate was filtered off and washed with small 
quantities of water (all with protection from light); it was microcrystalline (18 mg.) and had 
m. p. 154—157° (decomp.), Amax, 256 my (¢ 16,750, in H,O (Found: Ag, 39-4. C,.H,.O,Ag, 
requires Ag, 38-6%). 

Isolation of Gibberellenic Acid from Crude Gibberellic Acid.—Recrystallisation of crude 
gibberellic acid 5 (160 g.) from methanol—water (24: 65 v/v, 2-5 1.) afforded a mother-liquor 
(containing about 50 g. of solute) which was concentrated to half volume under reduced 
pressure. This yielded impure gibberellic acid (22 g.), m. p. 223—225° (decomp.), Amax, 254 my 
(E}%,, 33). The mother-liquor was extracted with ethyl acetate (3 x 600 ml.). The extract 
was dried (Na,SO,) and fractionally concentrated; the last crystalline crop (1-6 g.), m. p. 177— 
180° (decomp.), Amax, 253 my (E}%, 357 in EtOH), was refluxed with chloroform (1-6 1.), and the 
residue repeatedly recrystallised from ethyl acetate to give prismatic needles (210 mg.), m. p. 
190—192° (decomp.), [a,,> — 125°, Amax. 253 my (¢ 22,400 in EtOH), of gibberellenic acid (Found: 
C, 65°8; H, 64%; equiv., 163. Calc. for C,H,,O,: C, 65-9; H, 64%; equiv., 173). Like 
gibberellic acid it gave with concentrated sulphuric acid a red colour which developed a blue 
fluorescence. Paper chromatography of purified gibberellenic acid on Whatman No. 3 mm. 
paper, by Radley’s method,‘ gave a single spot of Ry 0-68. Run at the same time, gibberellic 
acid had Rp 0-9. 

Methyl 7-H ydroxy-1-methyl-8-methylene-2-0x0-10a5-gibba-3,4a(4b)-diene-1,10-dicarboxylate (11; 
R = Me, R’ = O).—Addition of a small excess of ethereal diazomethane, at 0°, to gibberellenic 
acid (209 mg.) in methano] (2 ml.) and evaporation of the resulting solution under reduced 
pressure afforded methyl gibberellenate (230 mg.), as a viscous gum, Amax, 253 my (E}%, 520 in 
EtOH). This, in chloroform (21 ml.), was shaken with active manganese dioxide '* (2 g.) for 
23 hr. The mixture was filtered. Evaporation of the filtrate and treatment of the residual 
gum with ether yielded crystals (124 mg.; m. p. 122—129°) which, on repeated recrystallisation 
from ether, formed prisms, m. p..133—136°, of the dienone (Found: C, 67-75; H, 6-6. C,,H,,O, 
requires C, 67:7; H, 65%), Amax. 309 my (e 16,500 in EtOH), vmx. 3500, 1720, 1682, and 
1662 cm.7}. 


™ Christol, Jacquier, and Mousseron, Bull. Soc. chim. France, 1959, 11. 
* Attenburrow, Cameron, Chapman, Evans, Hems, Jansen, and Walker, J., 1952, 1094. 
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Ethyl 3-Bromo-1-methyl-2-oxocyclohexanecarboxylate (cf. refs. 8, 10, 11).—Ethyl 1-methyl-2. 
oxocyclohexanecarboxylate ’ (21-4 g.) in dry chloroform (250 ml.) was treated dropwise, with 
stirring at 0°, with bromine (22-4 g.) in chloroform (100 ml.). The mixture was stirred at room 
temperature for 10 min., washed with 1% sodium metabisulphite solution, 5% sodium hydrogen 
carbonate solution, and water, dried (Na,SO,),and evaporated. The residue, when distilled, gave 
afore-run (1-5g.), b. p. 60—128°/2 mm., and then the bromo-hetone (25-2g.), b. p. 128—136°/2 mm., 
n™ 1-4981, Amax. 269 my (¢ 260 in EtOH) (Found: Br, 30-0. C,)H,,O,;Br requires Br, 30-4%), 
With methanolic Brady’s reagent at room temperature for 19 hr. it afforded yellow needles 
(from ethyl acetate), m. p. 141—142°, of ethyl 2-(2,4-dinitrophenylhydrazono)-3-methoxy-|- 
methylcyclohexanecarboxylate (Found: C, 51-6; H, 6-1; N, 141. C,,H,,N,O, requires C, 51-8: 
H, 5-6; N, 142%). 

Ethyl 1-Methyl-2-oxocyclohex-3-enecarboxylate-—The foregoing bromo-ketone (15-4 g.) was 
heated with quinoline (23 g.) at 150—160° for 30 min. The cooled mixture was treated with 
5n-hydrochloric acid (74 ml.) and extracted with ether. The extract was washed with dilute 
hydrochloric acid and water, dried (Na,SO,), and evaporated. Fractional distillation gave a 
pale-yellow oil (7-6 g.), b. p. 114—124°/13 mm., m* 1-4775, Amax. 225 my (¢ 8370 in EtOH). This 
was purified by reheating it with quinoline and working up as above. The unsaturated ketone 
consisted of a faintly yellow oil, b. p. 120—127°/15 mm., n®* 1-4755, Amax, 225 my (e 9140 in 
EtOH). Gunstone and Tulloch ™ give b. p. 113—116°/11 mm., 7, 1-4810, Amax 226-5 my 
(e 8910). 

Ethyl 5-Bromo-1-methyl-2-oxocyclohex-3-enecarboxylate.—Ethyl 1-methyl-2-oxocyclohex-3- 
enecarboxylate (2-1 g.), in dry carbon tetrachloride (20 ml.), was refluxed with N-bromo- 
succinimide (2-26 g.) over a 150 w lamp for 5hr. After being cooled, the mixture was filtered; 
the filtrate was evaporated and the residue distilled to give, after rejection of a small fore-run 
the pale-yellow oily bromo-compound (1-56 g.), b. p. 60—69° (bath-temp.)/0-1 mm., Amax, 220 my 
(ec 9820 in EtOH) (Found: C, 46-1; H, 5-1; Br, 29-4. Cj, 9H,,0,Br requires C, 46-0; H, 5-0; 
Br, 30-6%). 

Ethyl 1-Methyl-2-oxocyclohexa-3,5-dienecarboxylate——The foregoing 5-bromo-compound (2-1 
g.) was heated, under nitrogen, with purified quinoline (9-5 ml.) at 140° + 2° (bath) for 30 min. 
After being cooled to 0°, the mixture was treated with ice-cold 5n-hydrochloric acid (53 ml.) and 
extracted with ether. The extract was successively washed with 5n-hydrochloric acid, water, 
dilute sodium hydrogen carbonate, and water. It was dried (Na,SO,) and then evaporated, 
Distillation of the residue afforded the dienone as a pale yellow mobile oil (0-51 g.), b. p. 60— 
66°/0-1 mm., Amax, 301 my (¢ 3900), Vmax, 1735, 1665, 1630, and 1560 cm. (liquid film). Analysis 
of a number of preparations indicated that it formed a hemihydrate (Found: C, 63-6, 63:2, 
63-7, 63-6; H, 6-9, 7-1, 6-9, 7-0. C, 9H,,03,4H,O requires C, 63-5; H, 6-9%); passage of one 
preparation, in hexane, through a column of activated alumina and recovery by distillation gave 
the apparently anhydrous dienone (Found: C, 67-0; H, 7-1. Calc. for CjgH,,0O3;: C, 66-6; H, 
6-7%) but extinction measurements before and after this process indicated that deterioration 
had occurred. Likewise, storage of another preparation in the refrigerator for 3 weeks resulted 
in deterioration (¢ 3600 —» 2740). 

The freshly prepared dienone (42 mg.) in ethanol (5 ml.) absorbed hydrogen (1-7 mols.) in 
the presence of 20% palladium-charcoal (25 mg.), to give a liquid (26 mg.), b. p. 91—100° 
(bath)/15 mm., which, with methanolic Brady’s reagent, afforded yellow plates (29 mg.; from 
methanol), m. p. 140—141°, of ethyl 2,4-dinitrophenylhydrazono-2-methylcyclohexanecarb- 
oxylate (Found: N, 15-5. Calc. for C,,H,)N,O,: N, 15-4%) whose identity was confirmed 
(mixed m. p. and infrared spectrum) by comparison with an authentic sample. 

Storage of the dienone (99 mg.), benzene (1-5 ml.), and maleic anhydride (60 mg.) in a sealed 
tube for 3 days, heating at 100° for 3 hr., and then evaporation of the mixture followed by 
trituration of the residue with benzene afforded a maleic anhydride adduct, prisms, m. p. 142— 
145° (from benzene) (Found: C, 60-4; H, 5-2. C,H,,O, requires C, 60-4; H, 5-1%). 

Heating the dienone (100 mg.), in benzene (2 ml.), with methyl acetylenedicarboxylate 
(108 mg.) at 100° for 10 hr. followed by evaporation of the mixture and distillation of the residue 
yielded a methyl acetylenedicarboxylate adduct monohydrate as a pale-yellow, viscous oil (116 mg.), 
b. p. 130—135° (bath)/0-05 mm. (Found: C, 56-8; H, 5-9. C,,H,,0,,H,O requires C, 56-5; 
H, 5-9%). 

Action of Warm, Dilute Sulphuric Acid on Ethyl 1-Methyl-2-oxocyclohexa-3,5-dienecarboxylate. 
—tThe dienone (250 mg.) was heated at 56° (bath) with 18N-sulphuric acid (25 ml.), with frequent 





e of one 
ion gave 
6-6; H, 
‘joration 
resulted 


nols.) in 
11—100° 
z.; from 
anecarb- 
on firmed 


a sealed 
owed by 
p. 142— 


boxylate 
e residue 
16 mg.), 
C, 565; 


boxylate. 
frequent 


(1960) Grove, MacMillan, Mulholland, and Turner. 3049 


stirring, for 22 hr. The mixture was poured into water and extracted with ether. The extract 
was dried (Na,SO,) and then evaporated. The residual gum (143 mg.) was fractionally distilled, 
giving (i) a mobile liquid (27 mg.), b. p. 99—104° (bath)/13 mm., and (ii) a viscous oil (62 mg.), 
b. p. 185—220° (bath)/13 mm. Redistillation of fraction (i) afforded o-cresol (25 mg.) which 
with 3,5-dinitrobenzoyl chloride in pyridine yielded plates (from methanol), m. p. 137—138°, 
which were identical with authentic o-tolyl 3,5-dinitrobenzoate. 

Fraction (ii) was dissolved in ether and extracted with 2N-potassium hydrogen carbonate. 
Recovery afforded a neutral gum (32 mg.), which, in benzene, was chromatographed on alumina 
(1-5 g.). Elution with 9: 1 benzene-ether yielded a gum (22 mg.) which distilled at 142—146° 
(bath) /0-05 mm. as a viscous oil which crystallised. This presumably dimeric substance showed 
carbonyl absorption at 1701 and 1610 cm.+ (Found: C, 76-4; H, 8-3. C,,H,,O, requires 
C,77:0; H, 8-3%). The potassium hydrogen carbonate extract was acidified with dilute hydro- 
chloric acid and extracted with ether. Evaporation of the extract yielded a crystalline residue 
(24 mg.) which, on repeated fractional sublimation at 118—125°/0-05 mm., formed prisms 
(15 mg.), m. p. 141—143°, of 3-hydroxy-2-methylbenzoic acid (Found: C, 62-4; H, 5-6. Calc. 
for C,H,O,: C, 63-1; H, 5-3%), whose identity was proved on comparison (mixed m. p.; infra- 
red spectrum) with an authentic specimen prepared by Baudisch and Perkin’s method.” 


The author is indebted to Mr. D. Brookes for technical assistance and to several colleagues 
for helpful discussion. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, AKERS RESEARCH LABORATORY, 
THE FRYTHE, WELWYN, HERTS. (Received, February 11th, 1960.) 


16 Baudisch and Perkin, J., 1909, 95, 1883. 


610. Gibberellic Acid. Part XVII.* The Stereochemistry of 
Gibberic and Epigibberic Acid. 


By JoHN FREDERICK GROVE, J. MACMILLAN, T. P. C. MULHOLLAND, 
and W. B. TuRNER. 


Gibberic acid and epigibberic acid are shown to have the absolute 
configurations (II) and (VI) respectively. 


THE Wagner—Meerwein mechanism, proposed in earlier papers |? from these laboratories, 
for the acid-induced isomerisation of allogibberic (I) to gibberic acid (II) has been confirmed 
by the determination of the absolute configuration of gibberic acid and by tracer studies 
which have been reported in a preliminary communication.* These results refute the 
alternative mechanism at first favoured by Birch and his collaborators,‘ in which hydration 
of the terminal methylene group of allogibberic acid was followed by pinacol—pinacolone 
rearrangement of the resulting glycol. 

No stereochemical change at position 7 or 9a is implied in the pinacol—pinacolone 
mechanism; but the Wagner—Meerwein mechanism requires that the 7-9 two-carbon 
bridge in gibberic acid has the opposite configuration («) to that (8) which it occupied 
in allogibberic acid ® on the projection formule shown. 

The optical rotatory dispersion curve D (see Figure) of the ester (XIII) derived ? from 
allogibberic acid showed,a positive Cotton effect and was similar to curve B obtained for 
the ketone (XIV), derived from gibberellin A, methyl ester® (XV; R= R’ =H) by 


* Part XVI, preceding paper. 


1 Cross, Grove, MacMillan, and Mulholland, Chem. and Ind., 1956, 954. 

* Mulholland, J., 1958, 2693. 

3 Birch, Rickards, Smith, Winter, and Turner, Chem. and Ind., 1960, 401. 

4 (a) Birch, Rickards, and Smith, Proc. Chem. Soc., 1958, 192; (b) Birch and Smith, Ciba Foundation 
Symposium on the Biosynthesis of Terpenes and Steroids, Churchill, London, 1959, p. 253; (c) Birch, 
Rickards, Smith, Harris, and Whalley, Tetrahedron, 1959, 7, 241. 

5 Grove and Mulholland, J., 1960, 3007. 

® Takahashi, Seta, Kitamura, and Sumiki, Bull. Agric. Chem. Soc. Japan, 1957, 21, 396. 
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ozonolysis; as expected, the peak was shifted slightly towards longer wavelengths. Thus, 
the sign of the Cotton effect in gibban-8-ones is not affected by a 7-hydroxyl substituent. 
The configuration at 4b also has little effect on the shape of the rotatory dispersion curves 
for such ketones: the curves for gibberic and epigibberic acids were almost superimposable 
after the plain positive “‘ background ”’ curve for deoxoepigibberic acid (X) had been 
subtracted from the latter. Gibberic (curve C) and epigibberic acid showed negative 
Cotton effect curves, antipodal to (B) and (D). This evidence strongly supports the 
absolute configuration (II) for gibberic acid; the same conclusion has been reported, 
briefly, by Stork and Newman.’ Epigibberic acid, which results from the action of 
mineral acid on epiallogibberic acid® (V) (see scheme), is therefore represented by the 
absolute configuration (VI). 
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The incorporation of Me-#CO,H into gibberellic acid should result in allogibberic acid 
having the labelling pattern shown in (I) and this was confirmed * by degradative experi- 
ments. If the rearrangement (I) —» (II) proceeds by the Wagner—Meerwein mechanism 
gibberic acid should possess the labelling pattern shown in (II) and the acetic acid obtained 
by Kuhn-Roth oxidation of (II) should contain one-eighth of the molar activity of the 
gibberellic acid, and hence of the derived allogibberic acid, and should be independent of 
the relative yields from the two methyl groups. Birch and his collaborators reported 
results in which the activity of the acetic acid obtained by Kuhn—Roth oxidation varies 
from 0-24*C® to 0-61*C per mole.*’ We find 1-01*C per mole by Kuhn-Roth oxidation 
and 1-09*C per mole when the oxidation was carried out by acid permanganate.8 The 
acetic acid obtained by Kuhn—Roth oxidation of dihydroallogibberic acid contained 
1-13*C per mol. We conclude therefore that the Wagner—Meerwein mechanism satis- 
factorily accounts for the isomerisation of allogibberic to gibberic acid. 

The rotatory dispersion curve (A) for the keto-acid (XVII; R = H), obtained by acid 
hydrolysis ® of gibberellin methyl A, ester (XV; R= OH, R’ = H), also showed a 
negative Cotton effect and was antipodal to that for the hydroxy-keto-ester ® (XVI), pre- 
pared by ozonolysis of methyl gibberellate. The two-carbon bridge in the keto-acid (XVII; 
R = H) therefore has the absolute configuration shown. 


? Stork and Newman, J. Amer. Chem. Soc., 1959, 81, 3168. 
§ Cross, Grove, MacMillan, and Mulholland, J., 1958, 2520. 
® Cross, J., 1960, 3022. 
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The chemistry of epigibberic acid is similar to that of gibberic acid * and the points 
of difference are explicable in terms of the stereochemistry (VI) (cf. ref. 5). Dehydro- 
genation with selenium at 360° gave 1,7-dimethylfluorene and gibberone (XI), and the 
latter compound was also obtained on dehydrogenation with 30% palladium-charcoal at 
260°. Oxidation with selenium dioxide gave an orange «-diketone, epigibberdionic acid 
(VII), CygH,g904, which was oxidised by alkaline hydrogen peroxide to the C,gH 05, 
tricarboxylic acid (IX; R=R’=H). Dehydrogenation of the latter with 30% 
palladium-charcoal gave 1,7-dimethylfluorene. Both Clemmensen and Wolff-Kishner 


H 
A Me 


Me ¥ i ~ CO,Me 
MeO,C CO,Me 


(IV) 








Me mee =O 





(IX) (X) (X1) (XH) 
* — Labelled atom. 


Reagents: |, H+. 2,SeO,. 3,H,O,. 4, Pd-C. 5,NaOH. 6, CrO;. 7, Al(OPr'),. 8, Clemmensen. 
9, Wolff—Kishner. 10, Hg. 


reduction of epigibberic acid gave deoxoepigibberic acid (X). Pondorff reduction of 
gibberic acid failed,® but epigibberic acid furnished the expected 8-epimeric alcohols (IX), 
which were separated by fractional crystallisation and were re-oxidised by chromic oxide 
to epigibberic acid. 

Pyrolysis of epigibberic acid on charcoal at 250° gave a complex mixture from which 
1,7-dimethylfluorene (7-5°%), gibberone (30%), a ketone of unknown structure but isomeric 
with gibberone C,,H,,0 (9-5%), a trace of a substance, m. p. >340°, and the decarboxyl- 
ation product epidihydrogibberone (XII; 4b) (5-0%) were isolated. Pyrolysis of 
gibberic acid under the same conditions gave similar yields of 1,7-dimethylfluorene, 
gibberone, and the high-melting substance but only a trace of the ketone C,,H,,0 and no 
epidihycrogibberone. The last compound has, however, been isolated in small yield from 
the crude gibberone® obtained by dehydrogenation of gibberic acid with palladium- 
charcoal. 

Under a variety of conditions ® catalytic hydrogenation of dehydrodihydroallogibberic 
acid (XVIII) took place exclusively from the «-side of the molecule and regenerated the 
original stereochemistry at position 4b. Under the same conditions hydrogenation of 
dehydrogibberic acid also took place from the «-side, giving gibberic acid (cf. ref. 8) and no 
epigibberic acid; and methyl dehydrogibberate likewise gave methyl gibberate. It 
follows that the configuration of the 10-carboxyl? or 10-methoxycarbonyl substituent 
rather than that of the two-carbon bridge determines the steric course of catalytic hydro- 
genation in these compounds. In confirmation of this, hydrogenation of gibberone with 
1 Cross, J., 1954, 4670. 
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Adams catalyst in acetic acid took place from the f-side, trans to the two-carbon bridge, 
giving epidihydrogibberone, though with a palladium-charcoal catalyst in ethyl acetate 
some dihydrogibberone (XII; 4b«) was also formed. 

Molecular models (cf. ref. 5) show that the less-hindered configuration of the 9-carboxy| 
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substituent is 6 in the B/c-trans 4b8-tricarboxylic acid (VIII; R= R’ =H). Inagreement 
with this observation alkaline hydrolysis of the ester (VIII; R = R’ = Me) proceeded 
without inversion of configuration at position 9, and the resulting monobasic acid (VIII; 
R = Me, R’ = H) regenerated the original ester (VIII; R = R’ = Me) on methylation 
with diazomethane. By contrast, similar treatment of the B/c-cis-4ba-ester (III; R= 
Me), derived # from gibberic acid, gave the 9«-ester (IV). 

Although gibberic ® and dihydroallogibberic > acid readily gave 4b(5)-dehydro-deriv- 
atives on permanganate oxidation, epigibberic and dihydroepiallogibberic ® acid and the 
10«-isomer of dihydroallogibberic acid, in which the 10-carboxyl substituent and the 4b- 
hydrogen atom are cis-related, were resistant to oxidation. Oxidation at position 4b in 
these tetracyclic compounds is therefore determined by the configuration of the 10-carboxyl 
group rather than by the configuration of the two-carbon bridge. The acid (III; R = H), 
in which the 9-carboxyl group and 4b-hydrogen atom are trans-related, was stable to 
permanganate; but in this compound access to position 4b is restricted by the adjacent 
bulky carboxyl substituent. 

Gibberellin A, was first isolated ® from the culture filtrates of certain Tokyo University 
strains of G. fujikurot. Takahashi e¢ al.6 were unable to decide between C,,H,.O; and 
Cy gH,,0; for the molecular formula of gibberellin A, although the C,, formula was adopted 
in a recent paper." Gibberellin A, is formed in low yield from G. fujikuroi N.R.R.L. 2284 
strain; the molecular weight of the methyl ester, determined by the X-ray method, and 
analysis of derivatives are in agreement only with the C,,H,,0; formula. 


EXPERIMENTAL 


M. p.s are corrected. Celite 545 and alumina grade II (pH 4) were used in chromatography. 
Light petroleum had b. p. 60—80°. Unless otherwise stated, infrared spectra were determined 
on Nujol “ mulls” and ultraviolet spectra and specific rotations were determined for EtOH 
solutions. Optical rotatory dispersion curves were obtained for MeOH solutions (c 0-1 for 
plain curves: 0-01 for Cotton effect curves) at 18—22°. 

Gibberellin A,.—Gibberella fujikuroti N.R.R.L. 2284 strain was grown as described by 
Stodola et al.1* but harvested by the method of Borrow e al.48 The crude gibberellin (3-1 g. 
from 200 1. of culture filtrate) in ether (2 1.) was chromatographed on Celite (200 g.) buffered 


11 Takahashi, Seta, Kitamura, and Sumiki, Bull. Agric. Chem. Soc. Japan, 1959, 28, 405. 

12 Stodola, Raper, Fennell, Conway, Sohns, Langford, and Jackson, Arch. Biochem., 1955, 54, 240. 

18 Borrow, Brian, Chester, Curtis, Hemming, Henehan, Jefferys, Lloyd, Nixon, Norris, and Radley, 
J. Sci. Food Agric., 1955, 6, 340. 

14 Grove, Jeffs, and Mulholland, J., 1958, 1236. 
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at pH 7-0, and elution was with ether (1 1. portions) saturated with water. Eluates 1—5 
contained small amounts of intractable material. Eluate 6 afforded a gum (255 mg.) from 
which crude gibberellin A,, m. p. 205—210° (70 mg. ; 0-35 ml. per 1. of culture fluid), was obtained 
by the addition of light petroleum to an ethyl acetate solution. Subsequent eluates furnished 
mixtures of gibberellin A, and gibberellic acid which were separated by rechromatography on 
a larger column of Celite.™ 

Gibberellin A, was dimorphic and formed rhombs (from ethyl acetate-light petroleum or 
benzene—methanol), m. p. 216° (decomp.) or 255° (decomp.), [a], —3° (c 0-4) (Found: C, 68-7; 
H, 7:5. CygH.,O; requires C, 68-65; H, 7-3%), vmax, 3500 (OH), 2700, 2615 (OH of CO,H), 1736, 
1720 (C=O), and 1657 cm. (C=C). Analytical results were erratic when gibberellin A, was 
crystallised from ethyl acetate—light petroleum (cf. Takahashi ef a/.*) and solvent was tenaciously 
retained. With concentrated sulphuric acid gibberellin A, gave only a straw-yellow colour. 
It sublimed at 190—200°/10™ mm. 

The methyl ester (XV; R= R’ = H) formed prisms (from ethyl acetate-light petroleum), 
m. p. 176°, {a],*> 0° + 3° (Found: C, 69-4, 69-1; H, 7-6, 7-7; OMe, 9-4. CygH,,O, requires 
C, 69:3; H, 7-6; OMe, 9-0%), Vmax, 3435 (OH), 1773 (y-lactone C=O), 1715 (ester C=O), 1655 
cm. (C=C). The unit cell was orthorhombic, space group P2,2,2, or P2,2,2 and hada = 22-75, 
b = 8-56, c = 9-54 A, and d 1-250 g.cm.*; M (4 molecules per unit cell), 349-8 (theor., 346-4). 

The acetyl derivative (XV; R = H, R’ = Ac) of the ester, prepared by the action of acetic 
anhydride in pyridine during 24 hr., formed prisms, m. p. 130°, from methanol (Found: C, 67-7; 
H, 7-2; Ac, 13-2. C,,H,,O, requires C, 68-0; H, 7:3; 1 Ac, 11:1%), vmax, 1776 (y-lactone 
(=O), 1731 (ester C=O), 1650 cm.*! (C=C) (no OH absorption). 

Takahashi et al.*-"1 give m. p. 222° (decomp.), [«],,2 —21° or — 15° for gibberellin A,, and m. p. 
175—176° and 131—133° for the methyl ester and its acetyl derivative respectively. The 
infrared spectra of gibberellin A, and its derivatives, obtained from G. fujikuroi N.R.R.L. 2284 
strain, were identical with the spectra published by Takahashi e? al.* 

Ozonolysis of Gibberellin A, Methyl Estey —Ozonised oxygen was passed through the ester 
(50 mg.) in glacial acetic acid (5 ml.) at 10° (ozone uptake: 7 mg.). After 1 hr. at room tem- 
perature water (5 ml.) was added and the mixture was steam-distilled. A saturated aqueous 
solution of dimedone was added to the distillate and after 48 hr. at 6° the methone derivative 
of formaldehyde was collected (28 mg., 0-66 mol.; m. p. and mixed m. p. 187—190°). The 
fraction not volatile in steam was neutralised and extracted with ethyl acetate. The gum 
recovered from the extract was crystallised three times from ethyl acetate—light petroleum, 
giving methyl 1-carboxy-2,4a-dihydroxy-1-methyl-8-oxogibbane-10-carboxylate 1 —» 4a-lactone 
(XIV) (25 mg.), prisms, m. p. 205—207°, {a],,25 + 50° (c 0-4) (Found: C, 65-4; H, 7-9. C,,H,,O, 
requires C, 65-5; H, 6-9%), vmax, 3525 (OH), 1761, 1744 cm. (C=O) (in CHCl, 1770 and 1740 
em.). Takahashi eé al.!! give m. p. 203° for the ozonolysis product of gibberellin A, methyl 
ester. 

Reduction of Epigibberic Acid.—(1) Pondorff method. Epigibberic acid (284 mg.) was 
added to aluminium isopropoxide (1 g.) in propan-2-ol (20 ml.), and the mixture was heated 
under partial reflux for 2-5 hr. and then evaporated to dryness in vacuo. The residue was 
treated with 2n-hydrochloric acid (20 ml.) at 0° and the product (280 mg.) obtained by ether- 
extraction was separated by trituration with ether into a solid fraction (250 mg.) and an 
intractable gum. Fractional crystallisation of the solid from aqueous ethanol furnished a less 
soluble portion (A; 150 mg.) and a residue (B). 

Fraction A recrystallised from aqueous ethanol and then from ether, giving cubes (138 mg.) 
of an alcohol (IX), m. p. 200—201°, [aJ,,2* + 125° (c 1-26) (Found: C, 75-75; H, 7-85%; equiv., 
309. C,,H,,.O, requires C, 75-5; H, 7-7%; M, 286), vmax, 3400 (alcoholic OH), ~3100—2600 
(broad; OH of CO,H) 1691 .cm.? (C=O of CO,H). Fraction B, together with the residues 
from A, was fractionally crystallised from ether-—light petroleum (b. p. 40—60°), giving mixtures 
of nodules and prisms. The nodules recrystallised from ether as prisms (112 mg.) of the 
8-epimeric alcohol (VII), m. p. 103—110° (gas evolution), {a],,2* +134° (c 1-37) (Found, dried 
at 78°: C, 74:3; H, 8-4. C,gH,..03,0-5C,H,,O requires C, 74:3; H, 8-4%), vmax 3430, 3340 
(alcoholic OH), ~3160—2600 (broad; OH of CO,H); 1707 cm.-1 (C=O of CO,H). The solvent- 
free alcohol, m. p. 162—164°, was obtained by drying the solvate at 100° im vacuo (Found: 
C, 75-7; H, 7-8%; equiv., 287). 

(2) Clemmensen method. Epigibberic acid (725 mg.), zinc amalgam (1 g.), concentrated 
hydrochloric acid (9 ml.), water (9 ml.), and toluene (15 ml.) were heated under reflux for 96 hr., 
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a further 2 ml. of concentrated hydrochloric acid being added after each 24 hr. period. The 
toluene layer was added to an ethereal extract of the aqueous layer, and the combined extracts 
were washed with dilute hydrochloric acid followed by water. The product (643 mg.; m. p, 
208—215°) obtained on recovery crystallised from aqueous ethanol in plates (420 mg.), m. p. 
221—222°, of deoxoepigibberic acid (X) (Found: C, 80-1; H, 83%; equiv., 279. C,,H,,0, 
requires C, 80-0; H, 8-2%; M, 270), (a), + 144° (c 1-04), vax. 1704 cm.}, Amax. ~260, 265-5, 
274, 288, 299 muy (log ¢ 2-55. 2-59, 2-46, 1-57, 1-46 respectively). 

(3) Wolff—Kishner method. Epigibberic acid (175 mg.), 100% hydrazine hydrate (0-40 m1.), 
and sodium ethoxide (0-17 g. of sodium in 3-5 ml. of ethanol) were heated in a sealed tube at 
185° for 8 hr. After dilution with water, the solution was extracted with ether and then 
acidified with hydrochloric acid. The precipitate (76 mg.; m. p. 210—215°) was filtered off 
and crystallised from aqueous ethanol, giving plates (60 mg.), m. p. and mixed m. p. 220—221° 
with deoxoepigibberic acid prepared as described in (2) above. 

Oxidation of the Alcohols ({X).—(a) The epimer of m. p. 200—201° (30 mg.) in acetic acid 
(1 ml.) was treated with chromic oxide (8 mg.) in 80% acetic acid (1 ml.) at room temperature. 
After 2 hr., the mixture was heated at 100° for 10 min., cooled, and diluted with water. The 
product (28 mg.), recovered in ethyl acetate, crystallised from ethanol in prisms of epigibberic 
acid, m. p. and mixed m. p. 249—251°. 

(b) Oxidation of the alcohol of m. p. 162—164° (30 mg.) in the same way gave epigibberic 
acid (27 mg.). 

Oxidation of Epigibberic Acid.—(1) Selenium dioxide. The acid (1-10 g.) in ethanol (5 ml.) 
was heated with selenium dioxide (2-9 g.) in a sealed tube at 140° for 4-5 hr. Extraction of the 
filtered and diluted mixture with ether and recovery gave an orange oil (1-2 g.) which solidified. 
Recrystallisation from ethyl acetate afforded epigibberdionic acid (VII), orange prisms (605 
mg.), m. p. 288—290°, [aJ,24 +337° (c 0-95) (Found: C, 72-45; H, 6-1. C,,H,,O, requires 
C, 72-5; H, 61%), Amax, 258, 263, ~275, 290, 301 my (log ¢ 2-68, 2-66, 2-47, 2-07, 2-08 re- 
spectively), Amax, (in 0-1N-NaOH) 260, 265, ~275, 292, 307 mu (log ¢ 2-73. 2-73, 2-58, 2-05, 2-07 
respectively), Vinax, 3340, ~1750, 1739 cm.}. } 

In sodium hydroxide epigibberdionic acid gave a colourless solution from which it was 
recovered on acidification. 

(2) Attempted oxidation with potassium permanganate. (By Dr. B. E. Cross). The acid 
(43 mg.) in saturated sodium hydrogen carbonate solution (0-5 ml.) and water (0-5 ml.) was 
treated at 25° with 1% potassium permanganate solution (2-6 ml.) during 1 hr. After 15 min. 
the potassium permanganate was reduced with sulphur dioxide and the solution was 
acidified with concentrated hydrochloric acid. The precipitate (35 mg.) was collected and 
crystallised from aqueous methanol, giving epigibberic acid, m. p. and mixed m. p. 250—253°. 

Dehydrogenation of Epigibberic Acid.—(A) With selenium at 360°. The acid (48 mg.) and 
selenium powder (48 mg.) were heated together as described ™* for the dehydrogenation of 
gibberic acid. The acidic fraction of the product consisted of unchanged epigibberic acid 
(15 mg.). The neutral fraction (20 mg.) in light petroleum (b. p. 40—60°) was chromato- 
graphed on alumina (7 x 1 cm.). Elution with the same solvent gave successively 1,7-di- 
methylfluorene (1 mg.), m. p. 95—103°, and gibberone (XI) (12 mg.), m. p. 125—127°, identified 
by mixed m. p. determinations and comparison of the infrared spectra. 

(B) With palladium at 260°. The acid (100 mg.) and 30% palladium-charcoal ® (33 mg.) 
were heated together for 1-5 hr. in a stream of nitrogen. The product was separated into 
epigibberic acid (11 mg.) and a neutral gum (53 mg.) which was chromatographed on alumina 
(5 x lcm.) inether. Elution of the blue fluorescent band furnished gibberone (5 mg.), m. p. 
and mixed m. p. 124—126°. 

(C) With charcoal at 250°. (i) The acid (100 mg.) and charcoal (50 mg.) were heated as in 
(B). Carbon dioxide (0-2 mol.) was evolved (baryta trap). The neutral portion of the product 
afforded gibberone (25 mg.), m. p. 126—127°. 

(ii) The acid (2-01 g.) and charcoal (2-04 g.) were heated for 6 hr. (0-45 mol. of carbon dioxide 
evolved). The neutral portion (1-08 g.) of the product in light petroleum (b. p. 40—60°) was 
chromatographed on alumina (16 x 1 cm.) in ultraviolet light, giving the following fractions 
(colour of band in parentheses): I (blue) 97 mg.; II (pale blue) 551 mg.; III (pale blue) 55 mg.; 
IV (inter band) 27 mg.; V (yellow) 118 mg.; VI (pale green) 205 mg. 

Fractions III and IV were intractable. Rechromatography of fraction I on alumina 

8 Mulholland and Ward, J., 1954, 4676. 





ae th £2 rae © wee 2 ee oe leeleel ell lCUlUlC CO ee os 


The 
acts 
le p. 
. p. 
20, 
5-5, 


nl.), 
e at 
hen 
| off 
221° 


acid 
ure, 
The 
eTiC 


eric 


ml.) 
the 


(605 
lires 

re- 
2-07 


was 


acid 
was 
nin. 
was 
and 
53°. 
and 
n of 
acid 
ato- 
-di- 
ified 


mg.) 
into 
nina 
1. p. 
is in 


duct 


xide 
was 
ions 
ng. ; 


nina 





[1960] Gibberellic Acid. Part XVII. 3055 


(10 x 1 cm.) in light petroleum (b. p. 40—60°) and elution of two distinct blue fluorescent 
bands gave (a) 1,7-dimethylfluorene (64 mg.), m. p. 105—107°, and (b) epidihydrogibberone, 
m. p. 98° (see below) (17 mg.). Rechromatography of fraction II on alumina (15 x 1 cm.) 
and elution of four distinct blue fluorescent bands gave (c) 1,7-dimethylfluorene (35 mg.), m. p. 
103—105°, (d) after further chromatography on alumina and elution with benzene, 1,7-di- 
methylfluorene (4 mg.), epidihydrogibberone (7 mg.), and a substance subliming without 
melting at 350—360° (2 mg.), (e) epidihydrogibberone (64 mg.), and (f) intractable gums (240 
mg.). Fraction V was rechromatographed on alumina (10 x 1 cm.), and the following yellow 
bands were eluted with ether-light petroleum (b. p. 40—60°) (3: 97), (g) 25 mg., intractable; 
(h) 75 mg. combined with fraction VI below; (j) 20 mg., intractable. Fraction VI together 
with fraction V (4) was chromatographed in benzene on alumina (20 x 1-5 cm.), giving (k) an 
intense yellow band, intractable gum (66 mg.), and (l) colourless bands which afforded, on 
sublimation at 80°/10-? mm. and crystallisation from methanol, a ketone as needles (160 mg.), 
m. p. 124—125°, [a],,* +133° (c 1-54 in CHCI,) (Found: C, 85-8; H, 7-7. C,,H,,O requires 
C, 85:7; H, 7°6%), Amax, 229, 236, ~283, 297, ~324 my (log ¢ 4-07, 4-11, 4:31, 4-42, 4-22 re- 
spectively), Vmax, 1655, 1621, 1596 cm.-'. The dinitrophenylhydrazone crystallised from chloro- 
form in deep red needles, m. p. 281—282° (Found: C, 66-2; H, 5-4. C,,H,.N,O, requires 
C, 66-0; H, 5-3%), Amax. (in CHCl,) 269, 325, 410 my (log ¢ 4-25, 3-96, 4-56 respectively). 

The ketone gave a pale yellow-green colour in concentrated sulphuric acid. 

Dehydrogenation of Gibberic Acid on Charcoal at 250°.—(i) The acid (100 mg.) was treated as 
described for epigibberic acid (Ci, above), giving acid (60 mg.) and neutral (25 mg.) fractions 
consisting respectively of unchanged gibberic acid and gibberone, m. p. and mixed m. p. 
126—127°. 

(ii) The acid (1-0 g.) under the conditions described for epigibberic acid (C ii, above) yielded 
carbon dioxide (0-77 mol.), 1,7-dimethylfluorene (36 mg., 5-3%), the substance which sublimed 
at 350—360° (2 mg.), and the ketone, m. p. 124—125°, [a],,* +133° (10 mg.). 

Oxidation of Epigibberdionic Acid.—The acid (122 mg.) in methanol (1-4 ml.) and 8% sodium 
hydroxide solution (5-83 ml.) was heated under reflux with 30% hydrogen peroxide (3-5 ml.) 
for 30 min. Acidification of the cooled mixture followed by ether-extraction yielded 
5,6,7,8,4b8,8a-hexahydro-1,7-dimethylfluorene-7«,98,8aa-tricarboxylic acid (VIII; R = R’ = H), 
prisms (78 mg.), m. p. 283—284°, [a],, + 87° (c 0-97) (from acetic acid) (Found: C, 64-9; H, 6-1. 
C,sHpO, requires C, 65-05; H, 6-1%), Vmax, ~3200—2600 (broad) 1711 cm.? (OH and C=O 
of CO,H). : 

The methyl ester (VIII; R = R’ = Me), prepared with diazomethane, crystallised from light 
petroleum in stout needles, m. p. 130—132°, [aj,, + 84° (c 1-1) (Found: C, 67-15; H,7-0; OMe, 
24-4. C,,H,,O, requires C, 67-4; H, 7-0; 30Me, 24-85%), vinax, 1729 cm.7. 

Action of Alkali on the Esters (VIII; R = R’ = Me) and (III; R = Me).—(1) The ester 
(VIII; R = R’ = Me) (100 mg.) in methanol (10 ml.) was heated under reflux with 0-25N-sodium 
hydroxide (7 ml.) for 2 hr. Removal of the methanol in vacuo and ether-extraction of the 
residual aqueous solution gave a neutral fraction (8 mg.) which was discarded. Acidification 
of the aqueous mother-liquors followed by ether-extraction furnished 4b8,5,6,7,8,8a-hexahydro- 
7a,8ax-dimethoxycarbonyl-1,7-dimethylfluorene-98-carboxylic acid (VIII; R=Me, R’=H), 
prisms (88 mg.), m. p. 226—228° (from benzene) (Found: C, 66-6; H, 6-8%; equiv., 350. 
CypH,,O, requires C, 66-65; H, 6-7%; M, 360), vax, ~3200—2600, 1733, 1700 cm.*1. 

Methylation of the acid with diazomethane regenerated the ester (IX; R = R’ = Me), 
m. p. and mixed m. p. 130—132°. 

(2) The ester (III; R = Me) !° {109 mg., [aJ,,"* +5° (c 1-6)} was treated as described in (1). 
The neutral fraction (88 mg.) crystallised from light petroleum (b. p. 40—60°) in prisms, m. p. 
119—120°, [a],** —22° (¢ 1-26), of trimethyl 4ba,5,6,7,8,8a-hexahydro-1,7-dimethylfluorene- 
7a,9x,8ax-tricarboxylate (IV) (Found: C, 67-3; H, 7-1; OMe, 24-1. C,,H,0, requires C, 67-4; 
H, 7:0; 30Me, 24-85%), vmax, 1730 cm. (1740 cm. in CCl,). 

Attempted Oxidation of the Acid (III; R = H) (By Dr. B. E. Cross):—4ba,5,6,7,8,8a-Hexa- 
hydro-1,7-dimethylfluorene-7«,98,8aa-tricarboxylic acid (III; R= H) (99 mg., decomp. 
above 158°) !° in saturated soditrm hydrogen carbonate solution (1 ml.) and water (1 ml.) at 0° 
was treated with 1% aqueous potassium permanganate (10 ml.) during 20 min. After 10 min. 
at 20° excess of permanganate was destroyed with sulphur dioxide, and the solution was 
acidified with concentrated hydrochloric acid and extracted with ether. Recovery afforded 
the acid (III; R = H) (45 mg.) identified by the infrared spectrum. 
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Dehydrogenation of the Acid (VIII; R = R’ = H).—The acid (100 mg.) and 30% palladium- 
charcoal (55 mg.) were heated as described above at 170—230° for 1 hr. and then at 260 for 2 hr, 
Working up in the usual way afforded gummy acid (16 mg.) and neutral fractions (30 mg,), 
Repeated chromatography of the neutral fraction in light petroleum (b. p. 40—60°) on alumina 
gave 1,7-dimethylfluorene (5 mg.), m. p. 101—103°. 

Hydrogenation of Gibberone (XI).—(a) The compound * (158 mg.) in ethyl acetate (10 m1) 
was shaken in hydrogen at room temperature in the presence of 10% palladium—carbon 
(uptake 1-0 mol. in 44 min.). The recovered product was sublimed at 120°/10 mm.; fractional 
crystallisation of the sublimate from methanol gave (i) prisms (61 mg.), m. p. 85—95°, (ji) 
needles (47 mg.), m. p. 60—80°, and (iii) mixed fractions. Fraction (i) crystallised from 
methanol in prisms and plates (31 mg.) of epidihydrogibberone (XII; 4b), m. p. 97—99°, {a}, 2 
+30° (c 0-82 in COMe,) (Found: C, 84-7; H, 8-5. C,H, O requires C, 84:95; H, 8-4%), Amy 
~260, 266, 274, 291, 301 muy (log e 2-59, 2-66, 2-56, 1-76, 1-73 respectively), Vmax. (im CCl,) 1748 
cm.1, The prisms and plates had distinct infrared spectra in Nujol mulls. Fraction (ii) 
crystallised from methanol in long needles (21 mg.) of dihydrogibberone (XII; 4ba), m. p. 84°, 
[a],,** +6° (c 1-09 in COMe,) (Found: C, 84-95; H, 8-4%), Vmax. (im CCl,) 1744 cm.. 

(b) The compound (152 mg.) in acetic acid (10 ml.) was hydrogenated as in (a) in the presence 
of Adams catalyst (60 mg.). After 11 min. (absorption 1-05 mol.) the reaction was stopped. 
The recovered product sublimed in vacuo, giving a sticky solid (141 mg.). Crystallisation from 
ether and from methanol gave epidihydrogibberone (117 mg.), m. p. 90—95°, raised to 95—98° 
by further crystallisation. 

Hydrogenation of Methyl Dehydrogibberate-—The oily ester, [a],*> + 85° (c 1-03) (Found: 
OMe, 10-1. C,,H, 0, requires OMe, 10-5%), was prepared from pure dehydrogibberic acid,$ 
m. p. 222 (decomp.), [a], + 100°, which gave gibberic acid, [a], —3°, on hydrogenation with 
palladium-—charcoal in ethyl acetate. 

(a) The ester (30 mg.) in methanol (3 ml.) was shaken in hydrogen with Adams catalyst 
(30 mg.) in methanol (3 ml.). Recovery gave a gum, (31 mg.), [a]? +2° + 3° (c 0-53). One 
crystallisation from light petroleum gave plates and prisms, m. p. 107—111°, identical (mixed 
m. p. and infrared spectrum) with methyl gibberate, m. p. 110—111°, {a],,7* —4° (c 1-15) {methyl 
epigibberate, m. p. 93—94°,!° had [a],,2° + 123° + 3° (c 0-88)}. 

(b) Hydrogenation of the ester (31 mg.) in ethyl acetate (6 ml.) with 10% palladium- 
charcoal (35 mg.) gave a gum (28 mg.) [aJ,,24 —3° + 3° (c 0-50). Crystallisation gave methyl 
gibberate, m. p. 109—111°, identified as in (a) above. 

(c) The ester (30 mg.) was hydrogenated as in (a), in acetic acid (6 ml.) with Adams catalyst 
(30 mg.). Recovery gave a gum (22 mg.), [a],,* +2° (c 0-57). Crystallisation gave methyl 
gibberate, m. p. 105—110°, identified as in (a) (above). 

Hydrogenation of Dehydrogibberic Acid (XVIII).8—Hydrogenation was carried out as 
described for the dehydro-derivative of dihydroallogibberic acid.5 Results are tabulated. 


Starting 
Catalyst material Crude product 

(mg.) Solvent (ml.) (mg.) m. p. [a}p?® (+1°) 
10% Pd-C (31) EtOAc (6) 26 138—144° +7° (c 1-05) 
10% Pd-C (32) EtOAc (6) 23 143—148 +4 (c 1-15) * 
2% Pd-SrCO, (52) 0-I1n-NaOH (6) 32 130—140 0 (c 1-16) 
PtO, (31) AcOH (7) 26 Gummy crystals -+-4 (c 0-84) 
PtO, (52) EtOAc (7), conc. HCl (0-05) 32 120—135° +1 (c 0-99) 
PtO, (32) EtOAc (9), 60% HCI1O, (0-002) 30 Gummy crystals +8 (c 0-68) 


* Recrystallisation gave gibberic acid, m. p. and mixed m. p. 148—150°, [a]p?® +1° (c 0-63). 
Epigibberic acid ! has m. p. 227—230° or 252—255°, [a]p?® + 131°. 


Hydrogenation of the 10a-Isomer of Allogibberic Acid.—The acid ® (804 mg.) and Adams 
catalyst (87 mg.) in methanol (35 ml.) were shaken in hydrogen at room temperature (absorption 
1-0 mol. in 30 min.). The recovered gummy product {791 mg., {a],,!* —108° (c 1-02)} con- 
sisted essentially of the 10a-isomery of dihydroallogibberic acid (Found: C, 75-1; H, 7:7. 
C,,H,,O, requires C, 75-5; H, 7-7%), Amax, at 262—263, ~267 my (E{%, 29-9, 30-0 respectively). 

Attempted Oxidation of the 10«-Isomer.—The above dihydro-derivative (200 mg.) in saturated 
sodium hydrogen carbonate solution (4 ml.) and water (4 ml.) was treated at 0° with ice-cold 
1% potassium permanganate solution (32 ml.) during 2 min. and set aside at 0° for 7 min. 
Sulphur dioxide was passed through the mixture and the solution was acidified to pH 3 with 
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hydrochloric acid. An amorphous intractable solid (62 mg.; m. p. 105—115°) separated, and 
had [aJ,?* —113° (c 1-06), Amax. 262, 267 mu (E}%,, 20-0, 19-7). It absorbed no gas on micro- 
hydrogenation. Extraction of the aqueous mother-liquor and recovery from the extract gave 
a gum {86 mg.; [a],'* —92° (c 1-05)}, Amax at 261—264 my (E{%, 34-0) (microhydrogenation 
uptake 0-1 mol.). The infrared spectra of the products showed that they consisted mainly of 
starting material. 

[4C)Gibberellic Acid.—Gibberella fujikuroi was grown in the usual way ™ until production 
of gibberellic acid had commenced (67 hr.). At this stage a solution of sodium [1-“C]acetate 
(0-5 mc.) in distilled water (10 ml.) was added and the fermentation was continued until all 
the sugar had been utilized (303 hr.). A second solution of sodium [1-™“C]acetate (0-5 mc.) in 
distilled water (10 ml.) was added and the fermentation was continued for a further 24 hr. The 
gibberellic acid was isolated and purified in the usual way.’*! Incorporation of radioactivity 
was 0-4%. 

Degradation of (“C)Gibberellic Acid.—The gibberellic acid was degraded by procedures 
previously described,™? and the products were assayed essentially by standard methods.!¢17 
Acetic acid was assayed as p-bromophenacy] acetate. The results are expressed according to 
the method of Birch e¢ al.!” 


10° Relative molar activity. 


(a) Obs. Calc. (b) Obs. Calc. (b) Obs. Cale. 
Gibberellic acid ......... 793-8 — 415-0 —  Allogibberic acid............ 427-6 415-0 
Gibberic acid ............ 779-3 793-8 426-0 415-0 Dihydroallogibberic acid 414-2 -415-0 
Acetic acid (KMnO,) 1084 992 —  — _ Aceticacid(Kuhn-Roth) 588 51-9 


» » (Kuhn-Roth) 521. 51-9 


Rotatory Dispersion Curves.—Values are for [M]. The hydroxy-keto-ester (XVI); positive 
Cotton effect curve. (600 mu) +500°; (327-5, peak) +3800°; (290, trough) —1250°; (270) 
4-1250°. 

Methyl gibberate; negative Cotton effect curve. (600 my) 0°; (325, peak) —4000°; (285, 
trough) +6600°; (275) +6000°. 

Epigibberic acid; negative Cotton effect curve. (600 my) +350°; (400) +900°; (320, peak) 
—1900°; (285, trough) +9000°; (275) +6500°. 

Deoxoepigibberic acid (X); plain positive curve. (600 my) +350°; (400) +900°; (300) 
+2400°. 

Epidihydrogibberone; negative Cotton effect curve. (600 my) +100°; (320, peak) —3000°; 
(275) +7500°. 

Dihydrogibberone; negative Cotton effect curve. (600 my) 0°; (325, peak) —5000°; 
(275) +8500°. 

The keto-ester (XVII; R = Me); negative Cotton effect curve. (600 mu) +200°. (322-5, 
peak) —3650°; (275, trough) +8000°; (270) +7000°. 


We are indebted to Dr. W. Klyne and Mr. P. M. Jones, Postgraduate Medical School, Ducane 
Road, London, W.12, for the optical rotatory dispersion measurements, to Dr. P. G. Owston 
for the X-ray data, and to Messrs. D. Gardner, P. J. Suter and B. D. Akehurst for technical 
assistance. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, AKERS RESEARCH LABORATORY, 
THE FRYTHE, WELWYN, HERTS. (Received, February 11th, 1960.) 


16 Popjak, Biochem. J., 1950, 46, 560. 
"” Birch, Massey-Westropp, and Smith, J., 1958, 360. 
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611. Arylamides of Halogenated Methane- and Ethane-sulphonic 
Acids. 


By W. V. FARRAR. 


A number of arylamides is described, of general formula ArNH°SO,R, 
where R = CH,Cl, CHCl,, CCl;, CH,Br, CH,I, CH,F, CHF,, CHCIF, 
CH,°CH,Cl, and CHCl-CH;. All except those containing fluorine are 
decomposed by hot dilute alkali, the various routes having been investigated. 


CHLOROMETHANESULPHONANILIDE is decomposed in a rather unexpected way by dilute 
alkalis, giving aniline, formaldehyde, chloride, and sulphite ion.» In connection with 
other work, several related compounds have been made and their behaviour with alkali 
is here recorded. 

Chloromethanesulphonyl chloride is best prepared from sodium chloromethane- 
sulphonate and phosphorus pentachloride; the alternative preparation, by aqueous 
chlorination of s-trithian,** is difficult to standardise, and the product, despite careful 
fractionation, always contains troublesome impurities. When pure chloromethane- 
sulphonyl chloride is used, the only by-product of reaction with p-chloroaniline is p-chloro- 
NN-di(chloromethanesulphonyl)aniline. A recent modification of the “ trithian” 
method 5 gave no chloromethanesulphonyl chloride in our hands. Rough measurements 

of the rate of alkaline decomposition of some N-arylchloro- 

cl SO,:NH- SO,-CH,Cl methanesulphonamides showed some variation with the nature 

cI cl of the aryl group, though no definite trend could be discerned. 

(I) The disulphonylamine (I) was quite stable to boiling 2N-sodium 
hydroxide. 

Arylamides of bromomethanesulphonic acid and of iodomethanesulphonic acid were 
decomposed by alkali in the same way as the chloro-analogues. 

Sodium dichloromethanesulphonate was prepared from chloroform and aqueous 
sodium sulphite; although the yield is low the method is more convenient than that of 
Backer. Reaction with phosphorus pentachloride gave dichloromethanesulphonyl 
chloride.?/ This substance shows, in moderate form, the abnormal behaviour that is so 
marked in trichloromethanesulphonyl chloride (see below); the aryl amides are formed 
only in moderate yield, accompanied by much coloured tar. With #-chloroaniline, small 
amounts of di-p-chlorophenylformamidine hydrochloride and -chloro-NN-bis(dichloro- 
methanesulphonyl)aniline were isolated. The mechanism by which the former compound 
is produced is not known. 

p-Chlorodichloromethanesulphonanilide was rapidly decomposed at 100° by N-sodium 
carbonate; the product was mainly #-chlorophenyl isocyanide. This is compatible with 
the mechanism suggested by Bordwell and Cooper ? for the hydrolysis of chloromethane- 
sulphonanilide, involving a three-membered cyclic intermediate: 


R-NH-SO,-CH,Cl —> RN—CH, —> RN=CH + SO; 
‘\ 
SO, R: NH, + H-CHO 


R-NH-SO;CHCI, ——> R-N—CHCL —m RNC + SO, + HCI 
$0, 


Johnson and Douglass, J. Amer. Chem. Soc., 1941, 68, 1571. 

Bordwell and Cooper, J. Amer. Chem. Soc., 1951, '78, 5187. 

Kostsova, Acta Univ. Voronegiensis, 1935, 8, No. 4, 92; Chem. Abs., 1938, 32, 6618. 
Douglass, Simpson, and Sawyer, J. Org. Chem., 1949, 14, 272. 

Brintzinger, Koddebusch, Kling, and Jung, Chem. Ber., 1952, 85, 455. 

Backer, Rec. Trav. chim., 1926, 45, 830. 

McGowan, J. prakt. Chem., 1884, 30, 299. 


see e8wef 
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Trichloromethanesulphonyl chloride oxidises arylamines to coloured products, being 
reduced to trichloromethanesulphinic acid; * it has been confirmed in the present work 
that no trace of arylamide is formed. It proved possible, however, to oxidise p-chloro- 
trichloromethanesulphenanilide ® to the sulphonanilide by permanganate. Hydrogen 
peroxide gave the rather unstable sulphinanilide. 

The alkaline decomposition of #-chlorotrichloromethanesulphonanilide was complex, 
giving p-chloroaniline, di-p-chlorophenylurea, tri-p-chlorophenylguanidine, and #-chloro- 
phenyl isocyanide. These compounds can be fitted into a scheme similar to the above, 
in which the primary decomposition product is p-chlorophenyl isocyanide dichloride: 


RNC 

J 

R-NH*SO,CCl; —— RN—CCl, —> R-N=CCI, —>>CO(NHR), + R'NH, 
SO, R-NH:C(=NR)-NHR 


1. SO; 2.H,O; 3. R-NH, 


Sodium difluoromethanesulphonate was readily formed by the reaction of chloro- 
difluoromethane with aqueous sulphite at 120°; it was converted, via the sulphonyl 
chloride, into the anilide. Chlorofluoromethane was not available for similar preparation 
of derivatives of fluoromethanesulphonic acid, but these were obtained by a different 
method. Dichlorofluoromethane reacted with aqueous sulphite at 180° to give an insepar- 
able mixture of sodium fluoromethanesulphonate and sodium chlorofluoromethane- 
sulphonate. This mixture was converted into the mixed anilides, which were readily 
separated by crystallisation. All these arylamides containing fluorine were completely 
stable to N-sodium hydroxide at 100°. Trifluoromethanesulphonanilide has recently been 
described,” and would also appear to be stable to alkali, though this is not specifically 
stated. 

2-Chloroethanesulphonyl chloride reacts with aniline™ to give ethylenesulphon- 
anilide and 2-anilinoethanesulphonanilide; 2-chloroethanesulphonanilide could not be 
isolated. With f-chloroaniline, all three corresponding products were formed, and could 
be separated by fractional extraction, with aqueous sodium carbonate. /-Chloro-2- 
chloroethanesulphonanilide is instantly decomposed by cold dilute sodium hydroxide, 
giving a precipitate of the sparingly soluble sodium salt of #-chloroethylenesulphon- 
anilide. 

1-Chloroethanesulphonyl chloride !” reacted readily with arylamines, but of the amides 
only the p-chloroanilide was eventually obtained in satisfactory form. This compound, 
dissolved in cold dilute sodium hydroxide, deposited crystals of p-chloroaniline after a 
few hours. 


EXPERIMENTAL 


Chloromethanesulphonyl Chloride.—(i) From s-trithian. s-Trithian (200 g.) suspended in 
water (1 1.) was chlorinated to saturation at 0—10° with good agitation (15—20 hr.). The 
lower layer of crude chloride (250—300 g.) was distilled, the material of b. p. 160—170° (200— 
230 g.) being chloromethanesulphonyl chloride of approx. 90% purity. The higher yields 
claimed in the literature * could not be consistently obtained, though occasionally experiments 
gave yields much higher or much lower than the above. The yield evidently depends on 
factors not under complete control; there were ‘‘ good” and “‘ bad ”’ batches of s-trithian, the 
more coarsely crystalline material giving the best results. Even carefully fractionated samples 
of sulphonyl chloride made by this method, however, had no definite crystallising point. 

(ii) From sodium chloromethanesulphonate. Sodium chloromethanesulphonate (258 g.) and 


* Battegay and Kern, Bull. Soc. chim. France, 1927, §1, 46. 
* Connolly and Dyson, J., 1934, 822. 

” Gramstad and Haszeldine, J., 1957, 4069. 

" Goldberg, J., 1945, 634. 

#2 Miiller, J. prakt. Chem., 1927, 116, 191. 
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phosphorus pentachloride (340 g.) were heated at 100° for 2 hr. Volatile material (<100°/20 
mm.) was distilled off and the distillate fractionated. Chloromethanesulphonyl chloride 
distilled at 165—166°/750 mm. (198 g.); it had d 1-65, f. p. —40-5°. 

Preparation of Arylamides—Method A. The sulphonyl chloride and the amine (2 mol.) 
were set aside overnight in benzene; amine hydrochloride was filtered off, and the filtrate 
extracted with 2N-sodium hydroxide. Acidification of the alkaline extract gave the arylamide, 
usually as an oil which crystallised when scratched. 

Method B. The amine, sulphonyl chloride (1 mol.), and pyridine (1-2 mol.) were stirred 
in benzene at 45—50° overnight, and the product was extracted with aqueous alkali as before, 

Chloro-chloromethanesulphonanilides.—Made by method A from sulphonyl chloride of 
method (ii) (79% yield) the p-chlovo-anilide formed needles (from ethanol), m. p. 106° (Found: 
C, 35-3; H, 3-4. C,;H,O,NCI1,S requires C, 35-0; H, 29%). The benzene layer after extraction 
contained p-chloro-NN-di(chloromethanesulphonyl)aniline, m. p. 124° (7%; from ethanol) 
(Found: C, 27-7; H, 2-4; Cl, 30-3. C,H,O,NCI,S, requires C, 27-25; H, 2-3; Cl, 30-2%), 
When the sulphonyl chloride, prepared by method (i), was used the yield of the -chloroanilide 
was much lower (30—60%), and the following by-products could be isolated in varying amount 
by fractional crystallisation: di-p-chlorophenylformamidine hydrochloride * (free base, m. p. 
179°); sym-tris-p-chlorophenylguanidine hydrochloride ™ (free base, m. p. 132°); and 6-chloro- 
3-p-chloropheny]-3,4-dihydroquinazoline,* m. p. 187°. All were identified by mixed m. p, 
with authentic specimens. 

2,4-Dichloro-, m. p. 108° (Found: C, 30-6; H, 2-45. C,H,O,NCI,S requires C, 30-6; H, 
2-2%), and 2,4,5-trichloro-chloromethanesulphonanilide, m. p. 114° (Found: C, 27-4; H, 1-7. 
C,H,O,NCL,S requires C, 27-2; H, 1-65%), were prepared by method B, and were crystallised 
from ethanol. 

Hydrolysis of N-Arylchloromethanesulphonamides.—The arylamide (5-00 g.), in N-sodium 
carbonate (100 c.c.), was heated for 2 hr. at 100°. The solution was then cooled, filtered, and 
acidified, and the recovered arylamide dried. The following results were obtained: 

2,4,5-trichloro- 
Arylamide: Anilide p-chloroanilide | 2,4-dichloroanilide anilide 
Recovery, % ......... nil 20 32 trace 


All were completely decomposed after 1 hr. in N-sodium hydroxide at 100°. 

2,4,5-Trichloro-N-chloromethanesulphonylbenzenesulphonamide (1).—Sodium 2,4,5-trichloro- 
benzenesulphonamide (from 25 g. of sulphonamide), benzene (200 c.c.), and chloromethane- 
sulphony] chloride (15 g.) were refluxed for 16 hr. The solid was freed from benzene, taken up 
in warm dilute sodium carbonate solution, and extracted with ether. The extracts contained 
unchanged sulphonamide (11-5 g.). The aqueous portion when salted out gave the sodium salt 
(15 g.) of the sulphonamide (I), recrystallised from a little hot water as platelets, m. p. 280—282° 
(Found: C, 21-1; H, 1-3; Cl, 35-8. C,H,O,NCI1,S,Na requires C, 21-2; H, 1-0; Cl, 35-9%). 
The free imide was made by recrystallising the sodium salt (1 g.) from 3N-hydrochloric acid 
(20 c.c.); it formed water-soluble needles, m. p. 155—156° (Found: C, 23-0; H, 13. 
C,H,O,NCL,S, requires C, 22-5; H, 135%). It was not altered by refluxing for 2 hr. with 
n-sodium hydroxide. 

Bromomethanesulphonanilide.—This bromo-compound was made from bromomethane- 
sulphony] bromide * and aniline by method A; it formed prisms, m. p. 77°, from light petroleum 
(Found: C, 33-8; H, 3-45. C,H,O,NBrS requires C, 33-6; H, 3-25%). 

Todomethanesulphonanilide.—lodomethanesulphonyl chloride was prepared from sodium 
iodomethanesulphonate #* and phosphorus pentachloride. The anilide, prepared from it by 
method A, formed prisms, m. p. 70°, from light petroleum (Found: C, 28-4; H, 2-75. 
C,H,O,NIS requires C, 28-3; H, 275%). Both the bromo- and the iodo-anilide were rapidly 
decomposed by boiling n-sodium hydroxide; aniline, formaldehyde, sulphite, and halide ions 
were detected in the product. 

Dichloromethanesulphonyl Chloride.—Chloroform (120 g.), sodium sulphite heptahydrate 
(250 g.), and water (800 g.) were heated for 5 hr. at 125° in an autoclave (100 Ib./sq. in.). The 

18 Backer and Wanmaker, Rec. Trav. chim., 1949, 69, 247. 

14 oar —_— and Lewis, J. Amer. Chem. Soc., 1922, 44, 2896; Beilstein and Kurbatow, Amnalen, 
1875, , 49. 


15 Wagner and Eisner, J. Amer. Chem. Soc., 1937, 59, 879. 
16 Lauer and Langkammerer, ]. Amer. Chem. Soc., 1935, 57, 2361. 
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aqueous layer was separated from unchanged chloroform (ca. 60 g.), evaporated to dryness, and 
crystallised from hot ethanol, giving sodium dichloromethanesulphonate as transparent plates, 
which became opaque on being dried (20—25 g.) (Found: Na, 12-15. Calc. for CHO,Cl,SNa: Na, 
123%). Longer reaction times or higher temperatures gave larger yields of a product deficient 
in chlorine (cf. ref. 17). 

Sodium dichloromethanesulphonate (57 g.) and phosphorus pentachloride (63 g.) were 
heated for 2 hr. at 100°, and volatile material was distilled off [<100°(bath temp.)/20 mm.]. 
Fractionation of this distillate gave dichloromethanesulphonyl chloride as an irritating liquid 
(31 g.), b. p. 176—177°, 64°/14 mm.: f. p. —35° (cf. ref. 7). 

Dichloromethanesulphonyl Compounds.—Dichloromethanesulphonanilide, m. p. 78° (Found: 
C, 35-4; H, 3-0; N, 5-6. C,H,O,NCI,S requires C, 35-0; H, 2-95; N, 5-8%), and the p-chloro- 
anilide, m. p. 103° (Found: C, 31-1; H, 2-2. C,H,O,NCI,S requires C, 30-6; H, 2-2%), were 
prepared by method A in 60—65% yield, and were recrystallised from light petroleum. In 
the preparation of the latter, the benzene solution after extraction deposited a small amount 
of di-p-chlorophenylformamidine hydrochloride; the mother liquors on evaporation yielded 
p-chloro-NN-bisdichloromethanesulphonylaniline (2%), m. p. 230° (decomp.), as compact prisms 
from acetic acid (Found: C, 23-2; H, 1-9; N, 3-0. C,H,O,NCI,S, requires C, 22-8; H, 1-45; 
N, 3-3%). 

2,4,5-Trichlorodichloromethanesulphonanilide, m. p. 168° (Found: C, 24:9; H, 1:3. 
C,H,O,NCI,S requires C, 24-45; H, 1-2%), was formed in only 8% yield by method B. The 
remainder was a highly coloured tar. 

Hydrolysis of p-Chlorodichloromethanesulphonanilide.—The p-chloro-compound (5 g.) and 
aqueous sodium carbonate (5%; 100c.c.) were refluxed forl hr. The flask then contained a dark 
gum (ca. 1 g.) and an aqueous solution containing sulphite but not formaldehyde. The condenser 
contained p-chlorophenyl] isocyanide (1-2 g.), m. p. 56—64°, raised to 62—66° by recrystal- 
lisation (lit.,2% m. p. 71°). 

p-Chlorotrichloromethanesulphenanilide.—Trichloromethanesulphenyl chloride (40 g.), ether 
(200 c.c.), water (200 c.c.), and sodium carbonate (24 g.) were stirred at 10—20°, and p-chloro- 
aniline (26 g.) was added during 15 min. After 2 hr., the ether layer was removed and the 
solvent allowed to evaporate. The gummy residue was extracted with cold petroleum, the 
extract filtered from amorphous material, and the solvent again allowed to evaporate, leaving 
the p-chlorosulphenanilide as brownish crystals (44 g.). Recrystallisation from a small volume 
of petroleum gave almost colourless prisms, m. p. 49° (Found: C, 30-8; H, 2-1. C,H,NC1,S 
requires C, 30-3; H, 1-8%). Connolly and Dyson ® report this compound as an unstable oil; 
in a sealed container it is stable indefinitely at 0°. 

p-Chlorotrichloromethanesulphinanilide.—The sulphenanilide (3 g.) dissolved in acetic acid 
(ll c.c.) was treated with 100-vol. hydrogen peroxide (4 c.c.) and set aside for 1 hr. at 20—30°. 
The crystalline product (1-95 g.) formed needles, m. p. 157—-158° (decomp.) from acetone 
(Found: C, 28-6; H, 1-6. C,H;ONCI1,S requires C, 28-65; H, 1-7%). It was extensively 
decomposed after a few weeks’ storage. The mother liquors from this preparation slowly 
deposited a small amount of a sulphur-free product which appeared to be a mixture of poly- 
chloronitrosobenzenes. 

p-Chlorotrichloromethanesulphonanilide.—The -chloro-sulphenanilide (15 g.), in acetone 
(750 c.c.) and acetic acid (75 c.c.), was treated with 0-1N-potassium permanganate (750 c.c.) and 
set aside until the pink colour disappeared (2—3 hr.). The whole was evaporated almost to 
dryness, and the residue extracted several times with aqueous sodium carbonate. Acidification 
of the extracts and recrystallisation of the precipitate from ethanol gave the sulphonanilide (6 
g.) as heavy needles, m. p. 147° (Found: C, 27-2; H, 2-1. C,H,O,NCI1,S requires C, 27-2; 
H, 1-65%). : 

Alkaline hydrolysis. p-Chlorotrichloromethanesulphonanilide (2-0 g.) and sodium carbonate 
solution (10%; 50 c.c.) were heated at 100° for 2 hr. A small amount of p-chloroaniline 
sublimed; -chlorophenyl isocyanide was recognised by its odour. The flask contained a 
clear liquid (containing sulphite) and a dark solid (ca. 0-8 g.) from which was isolated (1) 
NN’-di-p-chlorophenylurea, m. ‘p. ca. 300—310° (decomp.) (Found: C, 55-9; H, 3-6; N, 9-7. 
Calc. for C,;H,gON,Cl,: C, 55-5; H, 3-6; N, 9-95%), and (2) NN’N”-tri-p-chlorophenyl- 
guanidine, best isolated as its hydrochloride which formed fine needles, m. p. 288—289° (decomp.), 


1” Strecker, Annalen, 1868, 148, 92. 
18 Ingold, J., 1924, 87. 
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from aqueous ethanol. The free base had m. p. 132° (lit. 135°) (Found: C, 58-7; H, 3-6; 
N, 10-9. Calc. for C,gH,,N,Cl,: C, 58-4; H, 3-6; N, 10-75%), and did not depress the m. p. of 
an authentic sample." 

N-Aryldifluoromethanesulphonamides.—Chlorodifluoromethane (86 g.) was added to sodium 
sulphite heptahydrate (250 g.) and water (500 g.) in an autoclave. The mixture was heated 
for 20 hr. at 120° (230 Ib./sq. in.) and then cooled, excess of chlorodifluoromethane was allowed 
to escape, and the product was evaporated to dryness. Recrystallisation from ethanol gave 
sodium difluoromethanesulphonate as plates containing solvent, which was lost at 100° (34-5 g.) 
(Found: Na, 15-7. CHO,F,SNa requires Na, 15-0%). This was then heated with phosphorus 
pentachloride, and the product shaken (in benzene) with ice-water to decompose phosphorus 
oxychloride. The benzene solution was then allowed to react with amines without isolation of 
the sulphonyl chloride. The following arylamides were thus prepared: Difluoromethane- 
sulphonanilide, m. p. 59° (method A) (Found: C, 40-5; H, 3-55. C,H,O,NF,S requires C, 40-6; 
H, 3-4%); p-chlorodifluoromethanesulphonanilide, m. p. 92° (method A) (Found: C, 34-75; 
H, 2-65. C,H,O,NCIF,S requires C, 34:8; H, 2:5%); 2,4-dichlorodifluoromethanesulphon- 
anilide (method B), m. p. 94° (Found: C, 30-4; H, 1-8. C,H,;O,NCI,F,S requires C, 30-3; 
H, 1:8%). All recrystallisations were from petroleum. 

Derivatives of Fluoromethanesulphonic and Chlorofluoromethanesulphonic Acid.—Sodium 
sulphite (anhydrous, 200 g.), dichlorofluoromethane (52 g.), and water (460 g.) were heated in an 
autoclave at 180° for 20 hr. (240 lb./sq. in.), the solvent evaporated, and the residue recrystallised 
from ethanol, giving a mixture (20-5 g.) of sodium fluoromethanesulphonate and sodium chloro- 
fluoromethanesulphonate (Found: Cl, 156%). This was converted into mixed sulphonyl 
chlorides by reaction with phosphorus pentachloride, and then into mixed arylamides by 
method A. The mixed anilides were separated by crystallisation from benzene-light petroleum 
into fluoromethanesulphonanilide (less soluble), needles, m. p. 86-5° (Found: C, 44-45; H, 4-3. 
C,H,O,NFS requires C, 44-45; H, 43%), and chlorofluoromethanesulphonanilide, diamond- 
shaped prisms, m. p. 63° (Found: C, 37-5; H, 3-35. C,H,O,NCIFS requires C, 37-6; H, 3-15%). 
The p-chloroanilides were not so readily separated: however, chlorination in chloroform 
solution gave a mixture of p-chloro-chlorofluoromethanesulphonanilide, needles, m. p. 78°, from 
petroleum (Found: C, 32-9; H, 2:6. C,H,O,NCI,FS requires C, 32-55; H, 2-35%), and 2,4-di- 
chlorofluoromethanesulphonanilide, laths, m. p. 139°, from petroleum (Found: C, 32-55; H, 2-65. 
C,H,O,NCI,FS requires C, 32-55; H, 2-35%), which could be separated because of the low 
solubility of the latter in cold ethanol. 

1,p-Dichloroethanesulphonanilide.—This was obtained from _ 1-chloroethanesulphonyl 
chloride #* by method A as a gum which crystallised very slowly, but was eventually obtained 
as large prisms, m. p. 70°, from benzene—petroleum (Found: C, 37-6; H, 3-6. C,H,O,NCI1,S 
requires C, 37-8; H, 3-55%). The monochloro-anilide could not be obtained crystalline. 

Reaction of 2-Chloroethanesulphonyl Chloride with p-Chloroaniline.—A mixture of 2-chloro- 
ethanesulphonyl chloride (20 g.), p-chloroaniline (45 g.), and benzene (300 c.c.) was kept for 
20 hr. at 15—20°. Amine hydrochloride (25 g.) was filtered off, and the filtrate extracted with 
2n-sodium carbonate (30 x 100 c.c.). Extracts 1—10 on acidification gave gums which 
crystallised only slowly; recrystallisation from petroleum gave needles, m. p. 50°, of p-chloro- 
ethylenesulphonanilide (Found: C, 43-75; H, 3-25. C,H,O,NCIS requires C, 44:15; H, 3-7%) 
which formed a sparingly soluble sodium salt. Extracts 11—29 crystallised readily on acidific- 
ation to give crude 2,p-dichloroethanesulphonanilide (6-6 g.). Four crystallisations from 
benzene-petroleum gave slender needles, m. p. 78° (Found: C, 37-95; H, 3-35. C,H,O,NCI,S 
requires C, 37-8; H, 3-55%). From the benzene solution, after the carbonate extractions, was 
isolated 2-p-chloroanilino-N-p-chlorophenylethanesulphonamide, m. p. 86° (from  benzene- 
petroleum) (Found: C, 49-05; H, 4-2. C,gH,,0O,;N,CI,S requires C, 48-7; H, 4-:1%). 

IMPERIAL CHEMICAL INDUSTRIES LIMITED, DyEstuFFs DIvIsIon, 

HEXAGON HovusE, BLAcKLEY, MANCHESTER, 9. [Received, November 27th, 1959.] 
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612. Reactions of Some Arenesulphonyl Chlorides. 
By W. V. FARRAR. 


2,4,5-Trichlorobenzenesulphonyl chloride and some related compounds 
react with ammonia to give a mixture of the sulphonamide and the ammonium 
salt of the disulphonimide (I; X = H, R = C,H,Cl,). Other nitrogenous bases 
also react in unexpected ways; thus phenylhydrazine gives the sulphinic 
acid and nitrogen, and cyclotetrathioimine gives novel compounds. The 
supposed biphenyl-2,2’-disulphonamide is shown to be the ammonium salt of 
biphenyl-2,2’-disulphonimide (V), and the supposed “ trisarenesulphonyl 
amine oxides ’’ are shown to be hydroxylamine derivatives (VI). Benzene- 
o-disulphonamide has been prepared and characterised. The reaction of 
some arenesulphonyl chlorides with sodium sulphite gives (in addition to 
the sulphinate) S-aryl thiosulphates (VII). 


THE present investigation followed the discovery that the reaction of 2,4,5-trichloro- 
benzenesulphony]l chloride with ammonia gave, together with the expected sulphonamide, 
a large amount of the ammonium salt of the disulphonimide (I; R = 2,4,5-Cl,C,H,, 
X=H). Other halogenoarenesulphonyl chlorides behaved similarly, and there is no 
doubt that a number of alleged sulphonamides,! described as having high and indefinite 
melting points, consist largely of ammonium salts of disulphonimides; the authentic 
sulphonamides melt quite sharply, and without decomposition, at lower temperatures. 


Cl cl cl 
(RSO,),.NX cil \sC_Nwnte ci€_Ysoxnaeso Yc 
ci cl Cl 


(I) (Il) (111) 


In view of the unusual reactivity of these sulphonyl chlorides towards ammonia, the 
reactions of 2,4,5-trichlorobenzenesulphonyl chloride with other bases were briefly studied. 

Reaction with methylamine alone gave the methyl-amide as sole product. The sodium 
salt of the methyl-amide, and the sulphonyl chloride, in boiling water, gave a minute yield 
of the methyl-imide, but a 30% yield was obtained from the sulphonyl chloride (2 mols.), 
methylamine (1 mol.), and aqueous sodium hydroxide (2 mols.). Similar results were 
obtained with aniline. This indicates that the disulphonimides are not formed by 
successive acylations of the ammonia or amine, as in the cases studied by Bell,? but from 
simultaneous reaction of two molecules of sulphonyl chloride with one of amine. A 
similar conclusion was reached by Thompson ® from a study of the reactions of carboxylic 
chlorides under certain conditions. With 2,4,5-trichloroaniline in pyridine, the only 
crystalline product was the imide (I; R = X = 2,4,5-Cl,C,H,) in poor yield. 

Reaction with dimethylaniline gave a small amount of the sulphide (II), together with 
(unexpectedly) bis-2,4,5-trichlorophenyl trisulphide, and a dye resembling Crystal Violet. 
This evidently involves the intermediate formation of the sulphenyl chloride; these 
compounds are known to react with dimethylaniline to give compounds resembling (II). 
The normal reaction between arenesulphonyl chlorides and dimethylaniline gives the N- 
methylarenesulphonanilide, with elimination of a methyl group.‘ 

Hydrazine gave the hydrazide in the normal way and more highly acylated compounds 
were not formed. Phenylhydrazine, however, acted simply as a reducing agent; nitrogen 
was evolved and phenylhydrazinium 2,4,5-trichlorobenzenesulphinate formed in over 


1 Cf. (a) Huntress and Carten, J. Amer. Chem. Soc., 1940, 62,511; (b) Langfiirth, Annalen, 1878, 191, 
191; (c) Spiegelberg, ibid., 1879, 197, 284; (d) Boyle, J., 1909, 1711. 

* Bell, J., 1929, 2787; 1930, 1071; 1931, 609; 1933, 1290. 

* Thompson, J. Amer. Chem. Soc., 1951, 78, 5841. 

* Bergel and Doring, Ber., 1928, 61, 844. 
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90% yield. Hydroxylamine gave a presumed hydroxamic acid which decomposed 
spontaneously, in contrast to benzenesulphonhydroxamic acid which is quite stable.5 
Carboxyamides in pyridine were dehydrated to nitriles; the ieaction is clean and 
almost quantitative. Reaction with thiourea was complex, giving bis-(2,4,5-trichloro- 
phenyl) trisulphide. 2,4,5-Trichlorobenzenesulphonamide (in pyridine) gave a high 
yield of the pyridine salt of (I; X =H). Reaction with dibenzimide gave, surprisingly, 
tribenzoylamine; it is difficult to understand the mechanism of this reaction. 
Disulphonimides did not react at all, and in no case could a compound of type 
(RSO,),N be obtained. Such compounds have since been described, however.® 2,45. 
Trichlorobenzenesulphonacetamide gave a small yield of the unusual compound (III). 
Cyclotetrathioimine showed the sharpest difference between behaviour with “ normal ” 
sulphonyl chlorides (e.g., benzenesulphonyl chloride) and with 2,4,5-trichlorobenzene- 
sulphonyl chloride (and some related compounds). It did not react with the former in 
pyridine. 2,4,5-Trichlorobenzenesulphonyl chloride, however, readily gave a deep red 
solution from which red crystals, of composition R,N,S, (R = 2,4,5-Cl,C,H,), were easily 
isolated. This compound is decomposed by warm dilute alkali to the diaryl disulphide, 
ammonia, and thiosulphate, and more slowly by sulphuric acid to the disulphide, 
ammonium sulphate, and sulphur dioxide. 2,5-Dichlorobenzenesulphonyl chloride gave 
an analogous product. These compounds are probably best represented by the group of 
formule (IV), similar to that ascribed 7? to the deep yellow compound N,S,F; (IV; R = F). 


- + = - + - 
(IV) R-S=N-S-N-S-R R-S-N=S-N=S=R R-S-N-S=N-S-R R-S-N-S-N=S-R 


There are not many examples of the formation of disulphonimides by direct reaction 
of a sulphonyl chloride and ammonia. One such product ® has properties quite different 
from those of other known disulphonimides, being readily cleaved by ammonia; the 
evidence given does not exclude its being a molecular compound of sulphonamide and 
sulphonyl chloride. Benzene-o-disulphonyl chloride gives the cyclic imide.® However, 
re-investigation of this reaction has shown that benzene-o-disulphonamide is formed in 
10% yield. The very high melting point and low solubility of this substance led Holleman*® 
to dismiss it as “‘ mineral matter”; it has now been characterised as its water-soluble 
monoacetyl and diacetyl derivatives. Methylamine and benzene-o-disulphonyl chloride 
gave the methyl-imide and bismethyl-amide. 

Biphenyl-2,2’-disulphonyl chloride reacts with ammonia to give the supposed 2,2’-di- 
sulphonamide.” This is now shown to be the ammonium salt of the heterocycle (V). 
The authentic disulphonamide was not isolated. 


RSO, R:S:SO3H 
$O,. NOSO2R" 


NH R’sO, 


$0,~ 
C) , (V1) (VID 
(V) 


The failure of attempts to prepare compounds (RSO,),N directed attention to a class 
of substances, obtained by reaction of sulphinic acids with nitric acid, to which the formula 
(RSO,),;NO has been assigned. von Meyer ® asserted that the product from toluene-p- 
sulphinic acid is tritoluene-p-sulphonylamine; this is certainly untrue (cf. ref. 6). It is 


5 Piloty, Ber., 1896, 29, 1560. 

* Steller and Hansmann, Chem. Ber., 1957, 90, 2728. 

7 Glemser and Wyszomirski, Angew. Chem., 1957, 69, 534. 

® Hanby and Rydon, J., 1946, 865. 

* Holleman, Rec. Trav. chim., 1921, 40, 446. 

10 Limpricht, Annalen, 1891, 261, 330. 

1 Beilstein, ‘‘ Handbuch der organische Chemie,” IV, 2; XI, 49, 108, 193. 
12 von Meyer, J. prakt. Chem., 1901, 68, 175. 
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likely that the compounds were trisarenesulphonyl hydroxylamines (VI), and this has been 
confirmed. An alternative synthesis # is from the bisarenesulphonhydroxamic acid and 
the sulphonyl chloride. A product was obtained from ditoluene-p-sulphonhydroxamic 
acid and benzenesulphony] chloride which on reduction gave only ditoluene--sulphonimide 
fall reactions being practically quantitative). This shows that the benzenesulphonyl 
and toluene-f-sulphonyl groups do not occupy equivalent positions in the molecule, the 
structure of which is presumably (VI; R = R’ = p-MeC,H,, R” = Ph). 

During the preparation of 2,4,5-trichlorobenzenesulphinic acid from the sulphonyl 
chloride and aqueous sodium sulphite, a by-product was always formed, which slowly 
precipitated bis-(2,4,5-trichlorophenyl) disulphide when the mixture was made alkaline. 
This was identified as sodium S-2,4,5-trichlorophenyl thiosulphate (as VII; R = 2,4,5- 
CI,C,H,) and isolated as its pyridine salt in 7% yield. It was identical with a sample 
made by Baumgarten’s method # from 2,4,5-trichlorothiophenol and pyridine-sulphur 
trioxide. -Chlorobenzenesulphonyl chloride similarly gave the thiosulphate (VII; 
R= /-CIC,H,) in 10% yield. With benzenesulphonyl chloride, toluene-p-sulphonyl 
chloride, and very concentrated aqueous sodium sulphite, the yields of S-aryl thiosulphate 
could be raised to approximately 50%. This synthesis of S-aryl thiosulphates is a valuable 
alternative to existing methods,’™ though it fails sometimes (¢.g., m-nitrobenzene- 
sulphonyl chloride). The reaction may proceed through an intermediate, ArSO,°SO,Na, 
which may decompose in two ways, (a) by hydrolysis to the sulphinate and sulphuric acid, 
or (b) by reduction with sulphite to give the thiosulphate (VII) and sodium sulphate. 
Attempts to isolate the intermediate have been unsuccessful.!® 

Reaction of benzenesulphony] chloride with aqueous sodium thiosulphate gave benzene- 
thiosulphonic acid (PhSO,°SH), isolated as aniline salt. This is also a new and convenient 
preparation. 


EXPERIMENTAL 


Arenesulphonyl Chlorides.—2,4,5-Trichlorobenzenesulphonyl chloride. 1,2,4-Trichloro - 
benzene (360 g.) was added during 2 hr. to chlorosulphonic acid (500 g.) stirred at 40°. After 
3 hr. at 100°, the product was poured into ice-water (3 1.) and filtered. A solution of the wet 
solid in benzene (500 c.c.) was dried and distilled (230 g.; b. p. 138°/0-5 mm.; m. p. 66—68°). 
The analytical sample formed needles, m. p. 69°, from light petroleum (lit.,44 m. p. 31—34°) 
(Found: C, 25-9; H, 0-8. C,H,O,C1,S requires C, 25-7; H, 0-7%). The small non-distillable 
residue gave needles, m. p. 176°, of bis-2,4,5-trichlorophenyl sulphone, from acetic acid (Found: 
C, 34:0; H, 0-8. C,,H,O,CI,S requires C, 33-7; H, 0-95%). 

The following benzenesulphonyl chlorides were similarly prepared: 2,4,6-trichloro-, m. p. 
49° (lit.,1* m. p. 35—40°) (Found: C, 26-0; H, 0-7. C,H,O,Cl,S requires C, 25-7; H, 0-7%); 
2,3,4-trichloro-, m. p. 50° (lit.,4% m. p. 64—65°, 65—66°) (Found: C, 26-0; H, 0-6%); 2,3,4,5- 
tetrachloro-, m. p. 76° (Found: C, 22-7; H, 0-6. C,HO,CI,S requires C, 22-9; H, 0-3%); 
2,3,5,6-tetrachloro-, m. p. 104° (Found: Cl, 56-4. C,HO,CI,S requires Cl, 56-4%); and 4-chloro- 
2,5-dimethoxy-, m. p. 176° (from acetone) (Found: C, 35-6; H, 3-0. C,H,O,Cl,S requires 
35-4; H, 30%). The last three compounds were not distilled. 

Pentachlorobenzenesulphonyl chloride. A suspension of pentachloroaniline (20 g.) in sulphuric 
acid (98%; 40c.c.) was diazotised, diluted with ice, and filtered into a warm solution of sodium 
carbonate (90 g.) and potassium ethyl xanthate (10 g.) in water (11.). After 1 hr. at 100°, the 
yellowish solid was washed by decantation, covered with nitric acid (d 1-5), and warmed on the 
steam bath for 4 hr. After dilution and filtration (from mainly bispentachlorophenyl di- 
sulphide), the liquid was neutralised with sodium hydroxide; sodium pentachlorobenzene- 
sulphonate formed plates (10 g. after recrystallisation from water). With phosphorus penta- 
chloride for 2 hr. at 100° this gave the sulphonyl chloride, m. p. 75° (from light petroleum) 
(Found: C, 20-8; H, 0-0; Cl, 60-6. C,O,CI,S requires C, 20-65; H, 0-0; Cl, 61-0%). 

2,4,5-Trichlorobenzylsulphonyl chloride. 2,4,5-Trichlorobenzyl chloride (97 g.), sodium 
sulphite heptahydrate (106 g.), and water (500 c.c.) were refluxed 16 hr. On cooling, sodium 

18 Baumgarten, Ber., 1930, 68, 1330. 


™ Lecher and Hardy, J. Org. Chem., 1955, 20, 475. 
4) Blomstrand, Ber., 1870, 3, 965. 
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trichIorobenzylsulphonate (104 g.) crystallised as needles. Reaction with phosphorus penta- 
chloride gave the su/phonyl chloride as prisms, m. p. 78° (from light petroleum) (Found: C, 28-7; 
H, 1:3. C,H,O,Cl,S requires C, 28-6; H, 1:3%). 

Reaction of Sulphonyl Chlorides with Ammonia.—General method. The sulphony] chloride, 
dissolved in 10 times its weight of benzene, was stirred and treated with gaseous ammonia until 
reaction was complete (usually about 10 hr.; sometimes it was necessary to filter off the 
voluminous precipitate after 2—3 hr., and to continue passage of ammonia into the filtrate), 
Only traces of material were left in solution. The total solid was extracted with warm acetone, 
which dissolved the sulphonamide. The residue was washed with water leaving the ammonium 
salt of the disulphonimide. The salts of these imides are generally very sparingly soluble in 
water, and it is difficult to obtain the free imides by acidifying these solutions. The free imides 
are best prepared by refluxing the ammonium salt with acetic anhydride; the salt slowly 
dissolves and the imide crystallises out either at the boiling point or on cooling. The imides 
are very stable both to acid and alkaline hydrolysis. 

Arenesulphonamides.—The following benzenesulphonamides were prepared (all recrystal- 
lisations were from ethanol): 2,4,5-trichloro-, m. p. 195° (lit.,4* m. p. >200°) (Found: C, 27-6; 
H, 16%); 2,4,6-trichloro-, m. p. 179° [lit.,4* m. p. 210—212° (decomp.)] (Found: N, 5-4%); 
2,3,4-trichloro-, m. p. 220° [lit.,4* m. p. 226—230° (decomp.)] (Found: N, 5:3. C,H,O,NCI1,S 
requires C, 27-6; H, 1-55; N, 5-4%); 2,3,5,6-tetrachloro-, m. p. 201° (Found: C, 24-9; H, 1-3%); 
2,3,4,5-tetrachloro-, m. p. 206° (Found: C, 24-4; H, 4-9. C,H,O,NCI1,S requires C, 24-4; H, 1-05; 
N, 4:7%); pentachloro-, m. p. 233° (Found: C, 22-2; H, 0-8. C,H,O,NCI1,S requires C, 21-85; 
H, 06%); 2,4,5-tribromo-, m. p. 230—231° [lit., m. p. 223—-224° (decomp.)] (Found: C, 18-6; 
H, 0-8. C,H,O,NBr,S requires C, 18-3; H, 10%); 4-chloro-2,5-dimethoxy-, m. p. 208—210° 
(Found: C, 38-2; H, 3-9. C,H,O,NCIS requires C, 38-2; H, 40%). 

2,4,5-Trichlorotoluene-w-sulphonamide had m. p. 196—197° (Found: C, 31-0; H, 2-2; 
N, 4:8. C,H,O,NCI,S requires C, 30-6; H, 2:2; N, 51%). 

Bis(arenesulphonyl)imides.—Figures in parentheses are approximate yields obtained for 
the ‘‘ general method” described above. Bis-(3,4-dichlorobenzenesulphon)imide (5—10%), 
fluffy needles from benzene, had m. p. 204—206° (Round: C, 33-7; H, 1-9. C,,H,O,NC1,S, 
requires C, 33-1; H, 16%); the 2,5-isomer (10%) formed prisms, m. p. 300—302° (decomp.), 
from acetic anhydride (Found: C, 33-7; H, 1:7%). Bis-(2,4,5-trichlorobenzenesulphon)imide 
(55%) had m. p. 286° (from benzene) (Found: C, 29-1; H, 0-9; N, 2-7, 2-9. C,,.H;O,NCI,S, 
requires C, 28-55; H, 1-0; N, 2-75%); the 2,4,6-zsomer (50%) had m. p. 288—289° (Found: 
C, 28-9; H, 1-0%). 

Bis-(2,3,5,6-tetrachlorobenzenesulphon)imide (20%) had m. p. 316—318° (Found: C, 25:4; 
H, 1-0. C,,H,O,NCI,S, requires C, 25-15; H, 0-55%); the 2,3,4,5-isomer (25%) had m. p. 
335—336° (decomp.) (Found: C, 25-5; H, 0:6%). Bis(pentachlorobenzenesulphon)imide 
(25%) had m. p. 335—340° (decomp.) (Found: C, 22-6; H, 0-3. C,,HO,NC1, 9S, requires 
C, 22-4; H, 0-15%). Bis-(2,4,5-tribromobenzenesulphon)imide (25%) had m. p. 308—309° 
(Found: C, 19-2; H, 0-4. C,,H,O,NBr,S, requires C, 18-7; H, 0-65%). The last five com- 
pounds were crystallised from acetic anhydride. Analytical values for carbon were always 
high in this class of compound. 

The following sulphony] chlorides did not give a disulphonimide when treated with ammonia 
in benzene: 2,4-dichloro-, 2,3,4-trichloro-, 4-chloro-2,5-dimethoxy-benzenesulphonyl] chloride; 
2,4,5-trichlorotoluene-w-sulphonyl chloride. 

N-Methyl-2,4,5-trichlorobenzenesulphonamide and N-Methylbis-(2,4,5-trichlorobenzenesulphon)- 
imide.—2,4,5-Trichlorobenzenesulphonyl chloride (28 g.) was added to a stirred mixture of 
aqueous methylamine (27%; 6c.c.), sodium hydroxide (4 g.), and water (100 c.c.) at 50—60°; an 
initial exothermic reaction soon moderated. After 2 hr. at 100°, the solution was diluted to 
500 c.c., made alkaline with sodium hydroxide, and filtered hot. The insoluble nearly pure 
N-methyl-imide (8-0 g.), formed needles, m. p. 213—214°, from much ethanol (Found: C, 30-3; 
H, 1:3. C,;H,O,NCI,S, requires C, 30-1; H, 1:35%). Acidification of the filtrate gave the 
N-methyl-amide (17 g.), needles, m. p. 136°, from ethanol (Found: C, 30-7; H, 2-5. C,H,O,NCI,S 
requires C, 30-6; H, 2-2%). This compound could be obtained almost quantitatively from 
the sulphonyl chloride and 2 or more mols. of methylamine. 

(2,4,5-Trichlorobenzenesulphon)anilide and  N-Phenylbis-(2,4,5-trichlorobenzenesulphon)- 
imide.—Substitution of aniline (9-3 g.) for methylamine in the above reaction gave the alkali- 
insoluble N-phenyl-imide (2-0 g.), m. p. 238°, from much acetic acid (Found: C, 37-4; H, 1-6. 
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CygHyO.NCI,S, requires C, 37-25; H, 155%). Acidification of the alkaline filtrate gave the 
qnilide, m. p. 159°, from ethanol (Found: C, 42-9; H, 2:3. C,,H,O,NCI,S requires C, 42-8; 
H, 2-4%). 

Sd ae: Teehlovephionylbte-tuilsi tredhtevebonstnssatplushtiite (I; R = X = 2,4,5- 
C1,C,H,). A solution of 2,4,5-trichlorobenzenesulphonyl chloride (7 g.) and 2,4,5-trichloro- 
aniline (5 g.) in a mixture of benzene (100 c.c.) and pyridine (3 c.c.) was kept for 24 hr., and the 
product then extracted with water and with 2n-sodium hydroxide; the extract gave no 
precipitate on acidification. The benzene layer was evaporated and the resulting tar digested 
with ethanol; a solid (1-5 g.), m. p. 244° (from trichloroethylene), was obtained (Found: C, 31-7; 
H, 1-1; N, 2:3. C,sH,O,NCI1,S, requires C, 31-6; H, 0-9; N, 2-05%). 

p-Dimethylaminophenyl 2,4,5-Trichlorophenyl Sulphide—Dimethylaniline (25 g.) and 
9,4,5-trichlorobenzenesulphonyl] chloride (18 g.) were heated under reflux on the steam-bath 
for lhr. The resulting liquid was diluted with methanol (150 c.c.) and kept overnight. The 
colourless crystals (3—4 g.; m. p. 120—150°) were collected, digested with warm concentrated 
hydrochloric acid, and filtered. The insoluble material was bis-(2,4,5-trichlorophenyl) tri- 
sulphide (see below). Dilution of the filtrate precipitated the dimethylaminophenyl trichloro- 
phenyl sulphide (II) (2—3 g.), glassy prisms (from light petroleum), m. p. 168—170° (Found: 
C, 50-6; H, 3-5; N, 4:8; S, 10-3. C,,H,,NCI,S requires C, 50-6; H, 3-6; N, 4-25; S, 
96%). 

2,4,5-Trichlorobenzenesulphonylhydrazide.—2,4,5-Trichlorobenzenesulphony] chloride (14 g.), 
in benzene (80 c.c.), was shaken for 10 min. with 50% hydrazine hydrate (9c.c.). The hydrazide 
(10-5 g.) was precipitated almost pure; it had m. p. 136° (decomp.), from benzene (Found: 
C, 26-3; H, 1-8; N, 10-5. C,H;O,N,CI,S requires C, 26-15; H, 1-8; N, 10-15%). With more 
sulphony! chloride this compound decomposed. 

Reaction of 2,4,5-Trichlorobenzenesulphonyl Chloride with Phenylhydrazine.—Phenylhydrazine 
(17 g.) was added to the sulphonyl chloride (14 g.) in benzene (150 c.c.); a crystalline solid 
slowly separated with sluggish evolution of nitrogen. After 24 hr. the solid was collected, 
washed with benzene, and sparingly with methanol; the product (16 g.) had m. p. ca. 196° 
(decomp.). Its identity with phenylhydrazine 2,4,5-trichlorobenzenesulphinate was confirmed 
by direct comparison with material prepared from phenylhydrazine acetate and sodium 2,4,5- 
trichlorobenzenesulphinate in water. 

Reaction of 2,4,5-Trichlorobenzenesulphonyl Chloride with Hydvroxylamine.—Hydroxylamine 
hydrochloride (13 g.), in hot water (10 c.c.), was treated with a solution of sodium ethoxide 
[from sodium (4-25 g.)] in ethanol (100 c.c.). Sodium chloride was filtered off, and to the 
filtrate (at 0°) 2,4,5-trichlorobenzenesulphonyl! chloride (16 g.) was added in portions. When 
the vigorous reaction was over, dilution with water gave a crystalline solid (11 g.), m. p. ca. 176° 
(decomp.). Attempts to recrystallise this resulted in decomposition, as did storage for 3 weeks. 
The residue consisted of 2,4,5-trichlorobenzenesulphonic acid with some bis-(2,4,5-trichloro- 
benzenesulphon)imide (ca. 2 g.). Reaction of 2,4,5-trichlorobenzenesulphinic acid with 
nitrous or nitric acid also failed to give the usual hydroxylamine derivatives. 

Reaction of 2,4,5-Trichlorobenzenesulphonyl Chloride with Thiourea.—2,4,5-Trichlorobenzene- 
sulphonyl chloride (14 g.) and thiourea (7-6 g.) in pyridine (40 c.c.) was kept overnight. Dilution 
with water gave bis-(2,4,5-trichlorophenyl) trisulphide (3 g., m. p. 150—155°) which after several 
recrystallisations from much acetic acid had m. p. 169° (Found: C, 31-3; H, 0-8; S, 21-1. 
C,,H,Cl,S, requires C, 31-3; H, 0-9; S, 210%). 

Reaction of 2,4,5-Trichlorobenzenesulphonyl Chloride with Dibenzimide.—A mixture of 
dibenzimide (4-0 g.), 2,4,5-trichlorobenzenesulphonyl chloride (5-5 g.), and pyridine (20 c.c.) 
was heated at 100° for 24 hr. Dilution with water gave a brown solid which was digested with 
very dilute alkali; the residue was washed with methanol leaving tribenzoylamine (1 g.), m. p. 
205—209°, raised to 210° by crystallisation from aqueous acetone (lit., m. p. 208°) (Found: 
C, 76-7; H, 4-6. Calc. for C,,H,,O,N: C, 76-6; H, 4-6%). 

Reaction of 2,4,5-Trichlorobenzenesulphonyl Chloride with 2,4,5-Trichlorobenzenesulphon- 
amide.—Equimolecular quantities of these compounds, mixed in a small amount of pyridine, 
gave after 24 hr. an almost quantitative yield of the pyridine salt of the disulphonimide, as 
heavy prisms (from pyridine or acetic acid), m. p. 270—271° (Found: C, 35-0; H, 1-7; N, 4:5. 
Cy,H,,0,N,C1,S, requires C, 35-0; H, 1-7; N, 48%). 

N-Acetyl-N - (2,4,5-trichlorobenzenesulphinyl) -2,4,5 -trichlorobenzenesulphonamide (111).— 
2,4,5-Trichlorobenzenesulphonamide (20 g.) was refluxed with acetic anhydride (50 c.c.) for 6 hr. 
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and then poured into water. The solid product formed felted needles (20-5 g.), m. p. 230~ 
232°, from aqueous ethanol (Found: C, 31-8; H, 2-2. C,H,O,NCI,S requires C, 31-75; 
H, 2-0%). 

This N-acetyl-sulphonamide (20 g.), 2,4,5-trichlorobenzenesulphony! chloride (20 g.) and 
pyridine (50 c.c.) were kept for 4 days, then diluted with water (300 c.c.). The residue was 
washed with cold acetone giving fawn-coloured microcrystals (3 g.); crystallisation from acetic 
acid then gave flat blades (2 g.), m. p. 227° (decomp.) (Found: C, 31-5, 31-8; H, 1-4, 1-4; N, 
2-4; Cl, 40-3; S, 11-8. C,,H,O,NCI,S, requires C, 31-7; H, 1:3; N, 2-6; Cl, 40-2; S, 12-09%), 
The structure was confirmed by hydrolysis with boiling dilute sodium hydroxide (2 hr.) which 
gave a mixture of the sodium salts of 2,4,5-trichlorobenzenesulphonamide and of 2,4,5-tri- 
chlorobenzenesulphinic acid. These were readily separated, and the amide and acid identified 
by mixed m. p.s. 

Reaction of 2,4,5-Trichlorobenzenesulphonyl Chloride with Cyclotetrathioimine.—2,4,5-Tri- 
chlorobenzenesulphonyl chloride (12 g.) and cyclotetrathioimine (2 g.) were dissolved in dry 
pyridine (35 c.c.). After 1 hr., the solid was filtered off and washed with cold pyridine; after 
drying and crystallisation from trichloroethylene the product (IV; R = 2,4,5-Cl,C,H,) (0-8 g) 
formed orange-red needles, m. p. 209° (decomp.) (Found: C, 29-7; H, 1-0; N, 6-0; Cl, 43-6; 
S, 19-7. C,,H,N,Cl,S, requires C, 29-7; H, 0-85; N, 5-8; Cl, 43-9; S, 19-8%). The pyridine 
filtrate contained mainly the pyridine and ammonium salts of bis-(2,4,5-trichlorobenzene- 
sulphon) imide. 

A similar experiment with 2,5-dichlorobenzenesulphonyl chloride gave the compound 
(IV; R = 2,5-Cl,C,H;), m. p. 200° (decomp.), from trichloroethylene in about the same yield 
(Found: C, 34-8; H, 1-6; N, 7-0; Cl, 33-9; S, 22-9. C,,H,N,CI,S, requires C, 34-6; H, 1-5; 
N, 6-7; Cl, 34:1; S, 23-1%). 

It is important during the working-up of these compounds to avoid the use of acetone, 
methanol, or ethanol; the products, of similar appearance and m. p., are then analytically 
different from the above, though the difference is apparently not due to solvation, since the 
compounds are still substantially free from oxygen. 

2,4,5-Tribromobenzenesulphonyl chloride gave a sparingly soluble orange-red product, m. p. 
214° (decomp.) from trichloroethylene. Analytical figures were only in approximate agreement 
with structure (IV), and the compound has not been more closely investigated (Found: C, 20-3; 
H, 0-6; N, 3-4; S, 11-6%). 

Reaction of cyclotetrathioimine with 3,4-dichlorobenzenesulphony! chloride in pyridine 
gave a deep red solution, but no satisfactory compound was isolated. 

Benzene-o-disulphonamide.—Benzene-o-disulphonyl chloride (20 g.), in benzene (200 c.c.), 
was treated with a stream of ammonia gas for 1—2 hr. The solid was collected, freed from 
solvent, and triturated with cold water; the insoluble crude disulphonamide (2-6 g.) was 
eventually crystallised from 2-ethoxyethanol, forming heavy prisms, m. p. ca. 335—338° 
(decomp.) (Found: C, 31-0; H, 3-4; H, 11-8. C,H,O,N,S, requires C, 30-5; H, 3-4; N, 11-9%). 

Acetylation. The disulphonamide (1-5 g.) when refluxed with acetic anhydride (10 c.c.) for 
2 hr. gave unchanged starting material and the monoacetyl derivative, m. p. 230—232° (from 
water) (Found: C, 34-5; H, 3-7; N, 10-1. C,H,O;N,S, requires C, 34-5; H, 3-6; N, 10-1%). 
Extension of the reaction time to 16 hr. gave a tar, from which the water-soluble diacetyl 
derivative was isolated in about 70% yield; it formed prisms (from a little water) of a presumed 
hydrate of indefinite m. p., which became opaque on prolonged drying at 80°, and then had 
m. p. 193—195° (Found: C, 37-5; H, 4:1; N, 8-6. Cy 9H,,O,N,S, requires C, 37-5; H, 3-75; 
N, 8-75%). 

Reaction of Benzene-o-disulphonyl Chloride with Methylamine.—Benzene-o-disulphonyl 
chloride (5 g.), in benzene (50 c.c.), was shaken for 1 hr. with excess of aqueous methylamine 
(30%). Benzene and methylamine were removed by steam-distillation, and the residue was 
made alkaline with sodium hydroxide. The insoluble methyl-imide (2-6 g.) formed plates, 
m. p. 179°, from acetic acid (Found: C, 36-3; H, 3-0. C,H,O,NS, requires C, 36-05; H, 3-0%). 

Acidification of the alkaline filtrate gave N-methylbenzene-o-disulphonamide (0-55 g.), as 
leaflets, m. p. 224°, from acetone (Found: C, 36-4; H, 4-6. C,H,,0,N,S, requires C, 36-4; 
H, 46%). 

Biphenyl-2,2’-disulphonimide (V).—Bipheny]1-2,2’-disulphony] chloride (8 g.) reacted slowly 
with aqueous-ethanolic ammonia. The resulting solution was evaporated to dryness, taken 
up in water, and acidified with a large excess of concentrated hydrochloric acid. The imide (V) 
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crystallised from hydrochloric acid as sheaves of needles (5 g.), m. p. 250—251° (Found: C, 
48-7; H, 3-2; N, 4-7. C,,.H,O,NS, requires C, 48-8; H, 3-1; N, 475%). No disulphonamide 
was isolated. 

O-Benzenesulphonyl-NN-ditoluene-p-sulphonylhydroxylamine (VI; R = R’ = MeC,H,, 
R” = Ph).—NN-Ditoluene-p-sulphonylhydroxylamine (3-0 g.) in pyridine (10 c.c.) was treated 
at 0° with benzenesulphony! chloride (2-0 g.), and the mixture kept at 0° for 40 min. Dilution 
with water gave the hydroxylamine (VI) (3-6 g.), m. p. 190—194°, raised to 198° by crystallisation 
from acetone (Found: N, 3-0. C,.H,,0,NS, requires N, 2-9%). 

Reduction. This compound (2-0 g.) was suspended in refluxing ethanol (70 c.c.)—acetic acid 
(10 c.c.); zinc dust was added until dissolution was complete. The filtered solution was 
concentrated to dryness, and the residue stirred with dilute hydrochloric acid, filtered, and 
washed, giving ditoluene-p-sulphonimide (1-25 g., 92%), m. p. 166—169°, not depressed by an 
authentic sample. 

Anilinium S-Phenyl Thiosulphate-—Benzenesulphonyl chloride (176-5 g.), sodium sulphite 
heptahydrate (650 g.), and water (600 c.c.) were heated at 100° for 5 hr. Next morning, the 
semi-solid mass was broken up, diluted slightly, and filtered. The filtrate was acidified and then 
extracted with ether; the extracts contained benzenesulphinic acid. The aqueous layer was 
treated with a solution of aniline (90 g.) in acetic acid; anilinium S-phenyl thiosulphate (VII; 
R = Ph) slowly crystallised (178 g.; m. p. ca. 160°). Recrystallisation from water gave fine 
hair-like needles, m. p. 182° (decomp.) (lit.,44 gives m. p. 185°) (Found: C, 51-1; H, 4:8; N, 4-7; 
§, 22.9. Calc. for C,H,0,S,,C,H,N: C, 50-9; H, 4-6; N, 4-95; S, 22-6%). 

The following thiosulphates were made similarly in the yields stated: p-toluidinium S-p- 
tolyl (40%), needles, m. p. 180° (decomp.), from water (Found: C, 54-2; H, 5-6. C,H,O,S,,C,H,N 
requires C, 54:05; H, 5-5%); anilinium S-p-chlorophenyl (10%), prisms, m. p. 186° (decomp.), 
from water (Found: C, 45-4; H, 3-8; N, 4-6. C,H,O,S,C1,C,H,N requires C, 45-4; H, 3-8; N, 
44%); and pyridinium S-2,4,5-trichlorophenyl (7%), plates, m. p. 192° (decomp.), from water 
(Found: C, 35-7; H, 2-0. C,H,O,S,Cl;,C;H;N requires C, 35-45; H, 2-15%). The main 
product in the last reaction was 2,4,5-trichlorobenzenesulphinic acid, isolated as its sparingly 
soluble sodium salt. The free sulphinic acid is best prepared from this by repeated crystal- 
lisation from dilute hydrochloric acid; it forms needles, m. p. 127° (Found: C, 29-5; H, 1-3; 
§, 13-6. C,H,O,CI,S requires C, 29-3; H, 1-2; S, 13-05%). This re-solidifies after melting, 
giving mainly bis-(2,4,5-trichlorophenyl) disulphide, flat needles, m. p. 147°, from acetone 
(Found: C, 34-0; H, 0-9; S, 15-2. C,,H,CI,S, requires C, 34-3; H, 1-0; S, 15-05%). 

Anilinium Benzenethiosulphonate.—A mixture of sodium thiosulphate (110 g.), water (50 
c.c.), and benzenesulphonyl chloride (27 g.) was heated at 100° under reflux for 4 hr. Dilution 
left a pasty solid (5 g.), mainly diphenyl disulphide and sulphur. The aqueous portion was acid- 
ified, and treated with aniline (10 g.) in acetic acid, giving crystalline anilinium benzenethio- 
sulphonate (20 g.); recrystallisation from water gave hair-like needles, m. p. 152° (decomp.) 
(Found: C, 53-8; N, 4:8; S, 24:3. C,H,O,S,,C,H,N requires C, 53-9; H, 5-0; N, 5-2; 
S, 240%). 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, DyEsTuFFs DIVISION, 
HEXAGON Hovust, BLACKLEY, MANCHESTER, 9. (Received, November 27th, 1959.) 
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613. The Acid-catalysed Hydrolysis of Carboxylic Anhydrides. 
By C. A. Bunton and S. G. PERRY. 


The rates of hydrolysis of five carboxylic anhydrides have been measured, 
and the positions of bond fission of two unsymmetrical anhydrides deter- 
mined by use of 180. 

Hydrolyses of acetic, of acetic benzoic, and of benzoic anhydride in 
aqueous dioxan containing perchloric acid are by the A-2 mechanism, and 
of acetic mesitoic and of mesitoic anhydrides predominantly by the A-l 
mechanism. Because the hydrolysis of acetic anhydride in aqueous acid is by 
the A-1 mechanism there appears to be a mechanistic change with changing 
solvent. 

The application of the Zucker-Hammett hypothesis to these problems is 
discussed. 


HypRo ysis of open-chain carboxylic anhydrides is less sensitive to mineral acids than is 
that of carboxylic esters and amides. Early work did not clearly establish acid-catalysis,} 
although it has long been known that many acetylations by acetic anhydride are catalysed 
by sulphuric acid.2 Acid-catalysis of the hydrolysis was proved by Kilpatrick.? Acid- 
hydrolysis of acetic anhydride in water is 4p-dependent, and acetyl chloride is not an 
intermediate when hydrochloric acid is the catalyst; * it is, however, an intermediate in 
acetylations by acetic anhydride in acetic acid containing hydrogen chloride.5 

Our work was a kinetic study of the hydrolyses of several carboxylic anhydrides in 
aqueous dioxan (and where solubility permitted in water) together with a determination 
of the positions of bond fission for hydrolyses of some unsymmetrical anhydrides. 


RESULTs. 


Kinetics.—The rates of hydrolysis of several anhydrides in aqueous dioxan, with added 
perchloric acid, have been measured. The range of acid concentration was sufficient for h, to 
diverge appreciably from the stoicheiometric acidity. The ionic strength of the reacting 
solutions was varied by addition of lithium perchlorate. The temperature coefficients of these 
hydrolyses, and of that of acetic anhydride in water, were measured. The values of H, in 
aqueous dioxan-perchloric acid are known.* Those for this system with added salts were 
determined in related work.” In all experiments the anhydride concentration was ca. 0-08M. 
The first-order rate coefficients, k,, are tabulated, together with #,4, the first-order rate 
coefficient for the acid-catalysed component of hydrolysis: &,“ = k,(overall) — k,(neutral). 
In most experiments the correction for the neutral rate is small. 

The kinetic data are tabulated in Table 1—5; the last two lines of each table show the 
variations of rate with acidity. Figs. 1 and 2 illustrate these variations for similar hydrolyses 
of acetic and acetic benzoic anhydride. Table 6 summarises the results. 

Bond Fission.—These experiments were done by isolating the less soluble acid formed by 
hydrolysis of a mixed anhydride in a solvent containing water enriched in 1480. The bond 
fission is calculated (see Table 7) on the assumption that attack by a water molecule upon 
either acyl carbon atom would introduce one labelled oxygen atom into the acid product, 
which would therefore be 50% enriched. This is not strictly correct, because anhydrides may 
exchange their carbonyl-oxygen atoms with those of water during acid-hydrolysis. However, 
the extent of this exchange is small for hydrolysis of benzoic anhydride in initially neutral 
aqueous dioxan.® 


1 Rivett and Sidgwick, J., 1910, 97, 1677; Wilsdon and Sidgwick, J., 1913, 108, 1959; Szabo, Z. 
phys. Chem., 1922, 122, 405; Olivier and Berger, Rec. Trav. chim., 1927, 46, 609. 
Burton and Praill, Quart. Rev., 1952, 6, 302. 
Kilpatrick, J. Amer. Chem. Soc., 1928, 50, 2891; 1930, 52, 1410. 
Gold and Hilton, J., 1955, 838, 843. 
Satchell, Chem. and Ind., 1958, 1442. 
Bunton, Ley, Rhind-Tutt, and Vernon, /., 1957, 2327. 
Perry, Thesis, London, 1958. 
Bunton, Lewis, and Llewellyn, Chem. and Ind., 1954, 1154. 
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Variation of rate of hydrolysis of acetic and acetic benzoic anhydride with concentration of acid in 
aqueous dioxan at 0°. 


Acetic anhydride: 


O. dioxan water, 60 : 40 (v/v) 


Acetic benzoic anhydride: 


(a) Dioxan-water 60 : 40 (v/v). 


Temp. 
RAND snhesbeckicwnsaviecus 0-26 
SEINE TR occcciscnsbannsocapes 0-41 
EEE” Scie cancsebanackoan 1-53 
Sl crsemsicitadanischikenancted 1-73 
eee RD Be. cccscsee 3-26 
4+ log k,4 — - log [HCIO,} 2-22 
Effect of added salts. (i) At 0°. 
| a A 
eens 
RE TL. uccceencquaang ecsvest 0-0 
IR: oh cvsribiseiasahrcteren 0-65 
ETE”  sivccestoisensseusaed 1-76 
SE tnsxersencscaunsntitbansiovened 1-35 
4% log hy + He Sasiaipuiiteiovad 3-11 
4+ log k,“ — log [HCIO,] ... 3-50 
(ii) At 25-08°. 
MEME -clnckndslencsescstacs 
[Et.NBr] (4) .......sscccceeseeees 0-0 
OD Sccccsnsesasesaieced 8-50 
EA aR 2-93 
Daetansitetsneecietetotnaneesed 1-35 
44 log &,* +. Hy an), ie eae = 


4+ log k,A — log [HCIO,] 


(b) Dioxan—water 40 : 60 (v/v). 


Temp. 
ji 

DEI xivccsbitamaaninvees 0-25 
SE TF cucu ctecedeucscthacen 0-91 
EY scvneateindsbansesase 1-75 

De Sidnbendbretocesseessseseosueeess 1-48 
Be ORM + Bee on cccccsecccece 3-2 
44 log k,4 — log [HCIO,} 1-51 


In initially neutral solution 10%, = 0-349 at 0°, and 2: 


ds OBOE Ou 
woreoon! 
aowarec! 


0- 50 
8-06 
2-91 
1-44 
4°35 
3-21 


Ste Stee | 
ork oo 
wm bo bo = bo 


2-41 


x, djoxan-water, 40 : 60 (v/v) 


” ” 





TABLE 1. Acetic 
0° 
-_ —— ~< 

1-02 1-55 

1-85 4°23 

2-25 2-62 

0-71 0-15 

2-96 2-77 

2:24 2-43 





C1), dioxan-water, 60 : 40 (v/v) 


anhydride. 


ae 
2-28 
15-2 
z 18 
“54 
2-64 
2-72 





13- 
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bo 


we 


In initially neutral solution 10°k,.= 0-073 at 0° and 0-396 (min.~! 


with lithium perchlorate added 


with lithium perchlorate added 


25-08° 
| ee 
0-26 0-99 
4:37 2-31 
2-60 3-36 
1-73 0-76 
4:39 4-12 
3-19 3°36 


) at 25-08°. 





0-50 1-00 
“~ — ~ - ——— A 
1-00 1-50 0-0 0-50 1-00 1-50 
1-06 1-73 1-82 2-53 4-09 5-76 
2-02 2-24 2-26 2-40 2-61 2-76 
0-87 0-62 0-72 0-51 0-25 0-0 
2-89 2-86 2-98 2-91 2-86 2-76 
2-32 2-54 2-26 2-40 2-61 2-76 
-50 1-00 
& —- is ae = 
1-00 1-50 0-0 0-50 0-67 
6-33 4-82 23-3 20-1 18-7 
2-80 2-68 3°37 3-30 3-27 
1-50 1-56 0-72 0-82 0-84 
4-30 4-24 4-09 4-12 411 
3-10 2-98 3:37 3-30 3-27 
0° 4-80° 13-0° 
—A—_____— _—— —_—_ 
1-72 2-32 2-80 1-00 1-00 
5-76 11-1 22-7 4:73 10-7 
2-73 3-03 3-35 
—0-:14 —055  —0-87 
2-59 2-48 2-48 
2-50 2-66 2-90 
15 (min.~) at 25-08°. 
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TABLE 1. (Continued.) 
Effect of added salt. LiClO, at 0°. 
ES EE ee 0-50 1-00 1-50 
Cc atin ~ — ————_+~ 
Ce 0-0 050 100 150 00 100 60-0 0-50 
Bee EE TO sa ctetcccrangevccsnse 1-40 1-48 1-61 1-86 2-80 3-40 4-70 4-87 
STIR | xerccqicsencosieszias 2-02 2-05 2-10 2-17 2-39 2-48 2-67 2-66 
BM cutensesonteddnsedicctantssecescs 0-98 0-84 0-60 0-37 0-43 —001 —0-04 —0-23 
4 + log Ay” + Hg .....000000000. 3-00 2-90 2-70 2-54 2-82 2-47 2-60 2-43 
4 + log k,4 — log {HClO,] ... 232 235 241 247 239 248 246 2.48 
(c) Water. 
(i) [HC1O,] = 0-95 
I Sikamrestatirnernenaeesens 0-0° 4-80° 15-1° 
og ll ii Sp 4-86 8-22 25-4 


In initially neutral solution 107k, = 2-81 min.-! 


(ii) [HC1O,) + [NaClO,] = 4-0m; at 0°. 


at 0°; values at other temperatures are known.‘ 


eee cane 0-0 0-50 1-53 2-48 4-00 
PPT) saccnctnsctvssvacddesdio 0-26 3-75 14-0 29-9 144 
i EE /, idveninsniivenihetndavoeis “= 2-54 3-14 3-48 4-16 
Ties “Naicinni tiavcstewibeshepacctineses _ — 0-80 —1-19 — 1-44 —1-72 
OF TOR BA 1 Be sisccsccivsccceese — 1-74 1-95 2-04 2-44 
4 + log k,A — log [HCIO,] ...... — 2-84 2-95 3-08 3-56 


(d) Hydrolysis in deuterium oxide. Dioxan—water 60 : 40 (v/v) at 0°. 


[HC1O,] = 0-98m. Protio, 10%, = 1-64 min; 


deutero, 10?k, = 2-37 min.“. 


k,(D,O)/k,(H,O) = 1-45 (deuterium oxide in water = 90%). 


(e) Results of hydrolyses at constant ionic strength at 0°. .. 


(i) Dioxan—water 40 : 60 (v/v). 








In initially neutral solution 10°, = 0-54 at 0° and 2-91 (min.~!) at 25-08°. 


PE PLO olen Pa 1-00 1-50 2-00 
ee — —— sl > —— Py oo A —— 
SS Se 0-50 1:00 050 1:00 1:50 050 100 1:50 2-00 
4 + log k,“ — log[HClO,) ... 2:35 239 2 248 246 247 248 248 2-53 
(ii) Dioxan—water 60 : 40 (v/v). 
i ad uenediatinidimnbenibtennierenes 1-00 1-50 2-00 
eco Co on _ | re, 
ES RE ae 0-50 1:00 0-50 1-00 1:50 0-50 100 = 1-50 
4 + logk,“ — log[HClO,] ... 2:26 2:26 232 240 241 254 2-61 2-63 
TABLE 2. Acetic benzoic anhydride. 

(a) Dioxan-water 60 : 40 (v/v) at 0°. 
SPEDE ~ tit csvckestsndsceeove 0-18 0:74 1-19 1-77 2-01 2-13 2-34 2-71 
eee 1-29 4-45 7-98 12-0 13-8 16-6 29-0 50-0 
ES 7" eee eee 0-88 159 187 206 212 221 2-45 2-69 
Tes puesdbwiwndebntnsceteeiedsnseecss 1-92 1-04 0-55 —005 —030 —041 —0-62 —0-94 
4 + log k,4 PE enephepeecccces 2-80 2-63 2-42 2-01 1-82 1-80 1-83 1-75 
4 + log k,4 — log [HCIO,} 1-63 1-72 1-75 1-81 1-82 188 208 2-26 

(b) Dioxan-water 60 : 40 (v/v) at 25-08°. 
SRURAMERE cnnnccmascpevconanes 0-24 0-75 1-19 1-80 
Yt |. RRR 138 40-4 63-2 171 
CEREME  sasepentensesenccenes 2-04 2-57 2-78 3-23 

Ms ouialinhehiapedsigenmenerineinneke 1-74 1-02 0-55 —0-10 
4 + log RA + Hy ..200.0000.0000 3-78 3-59 3-33 3-13 
4 + log k,4A — log [HCIO,] 2-66 2-70 2-70 2-98 
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TABLE 3. Benzoic anhydride. 
Dioxan-water 60 : 40 (v/v). 
Temp. 20-1° 25-08° 35-0° 
5 A el Se pacts ras an 
[HCIOg] (M)  -e-eeeeeeeeeeeenes 1-55 0- 10 0-26 80: 93 1-69 2-49 2-54 2:9 1-55 
50 10*k, (min- ‘Re 13-1 2-34 448 16-1 24-3 31-9 37-1 588 61-0 
87 BA Dog hye — .ncvcccccsescceces —- 0-004 0-50 1-17 1-36 1-49 1-55 1-76 — 
66 |; Peeererrreeereeeeeeereretaee — (2-2) 1-72 0-80 0-02 —0-74 —0-79 —1-13 — 
3 4+ log Bh + Hy coronene — (22) 222 197 138 075 076 063 — 
43 4+ log k,4 — log [HCI1O,} _ 1-00 1-09 1-20 1-13 1-09 1-15 1-29 _ 
-48 In initially neutral solution 10k, = 1-33 min.“ at 25-08° and 2-40 x 10~* at 35-0°. 
TABLE 4. Acetic mesitoic anhydride. 
(a) Dioxan—water 60 : 40 (v/v) at 0°. 
SEE Sssnrtukauesesiong 0-26 085  O98* 1:20 121 148 4173 201 O-84f 
tO, GI. 2) onc secereseees 2-41 11-6 48-5 28-0 31-0 48-0 133 240 180 
BME Bg ncn scsssesossecese 1-20 2-03 2-69 2-43 2-49 2-67 3-12 3-38 _— 
ywn.$ Masti Sidecddbansteicats 175 090 O21 050 050 023 -—002 -—030 — 
4 ‘. log kA + Hg _......02- 2-95 2-93 2-90 2-93 2-99 2-90 3-10 308 — — 
4+ log kA — ad [HClO,] 1-79 2-20 2-70 2-35 2-41 2-50 2-88 3-08 —_ 
In initially neutral solution 10°, = 0-81 at 0° and 4-33 (min.) at 25-08°. 
* [LiClO,] = m. + At 25-08°. 
TABLE 5. Mesitoic anhydride. 
Dioxan—water 60 : 40 (v/v). 
[HC1O,] = 0-3m when present. 
Temp. 44-9° 60° 101° 
a —s neutral ..........0... — 0-31 3°52 
WO, WD a cree coe 3-6 17-0 * 
* 4 < 0-5 min 
TABLE 6. Position of bond fission in acid-hydrolyses. Dioxan—water 60 : 40 (v/v) at 
25-08°. Isotopic abundances are in atom °, excess above normal. 
— [HCIO,) Isotopic abundances Acetyl-oxygen 
00 (mM) Solvent Product Control fission (%) 
53 Acetic benzoic 
0 2-37 0- 03 (benzoic) 0-01 100 
0-59 2-23 0-0 os 0-02 Ms 
3-0 1-57 0- 03 pt 0-02 ns 
50 5-0 0-89 0-01 os 0-00 7 
“63 Acetic p-nitrobenzoic 
0 2-37 0-04 (p-nitrobenzoic) 0-04 100 
3-0 1-57 0-05 a 0-06 a 
Acetic mesitoic 
0 2-37 0-02 (mesitoic) 0-03 100 
1-0 2-13 0-75 - 0-01 30 
3-0 1-57 0-46 ‘a 0-03 40 
71 " - . ° . 
0 TABLE 7. Solvolyses in perchloric acid at 0°. 
69 Slope of 
oe Hammett AH * AS * Bond 
a Anhydride Solvent plot (kcal. mole!) _—(e.u.) fission Mechanism 
- Acetic Dioxan-—water 
60 : 40 (v/v) ca. 0-7 16-5 —16-1 on A-2(?) 
40 : 60 (v/v) ca. 0-7 15-4 —19-3 —_ A-2(?) 
Water ca. 1* 21-4 +2-2 ~- A-1 
Benzoic Dioxan-—water : 
60 : 40 (v/v) * Rate « [HCIO,) 18-8 —18-9 — A-2 
Mesitoic ad — 21-8 —8-6 — A-1(?) 
Acetic benzoic * ca. 0-6 15-7 — 22-4 Ac-O A-2 
Acetic p-nitro- ¥ = = _ be A-2 
benzoic 
Acetic mesitvic - 1-1 18-1 —3-8 Ar-CO-O A-1 
dG 








3074 Bunton and Perry: 


DISCUSSION 


The mechanisms of the acid-catalysed hydrolyses of these open-chain carboxylic 
anhydrides are considered in terms of three mechanistic tests: the Zucker-Hammett 
hypothesis,® the values of the entropies of activation (AS*),!° and the position of bond 
fission in the hydrolysis of an unsymmetrical anhydride. 

Application of the Zucker-Hammett hypothesis depends upon the observation that 
the rates of many acid-catalysed hydrolyses depend either on concentration, 7.e., Rate 
oc [stoicheiometric acid], or hp, i.e., Rate oc hy. 

We should expect that bimolecular nucleophilic attack would occur less readily if an 
aromatic ring were attached to the acyl (carbonyl) carbon atom, whereas unimolecular 
formation of an acylium ion is favoured by substituents, such as an aryl group, which can 
stabilise the positive charge.!* 

We assume that the perchloric acid is a specific hydrogen-ion catalyst for all the 
anhydrides, for the relative rates of hydrolysis of acetic anhydride in protium and 
deuterium solvents (Table 1), suggest this. Our experiments give no information on the 
location of the proton in the conjugate acid; nor do they differentiate between A-2 
mechanisms in which the approach of the water molecule precedes bond-breaking and 
those in which the two processes are synchronous.!* We represent the uni- and bi- 
molecular mechanisms in their simplest ways: 


R“CO\. Fast RCO. + 
tHe == | pe 4] 
RCO’ R°CO/ 


R“CO\. + Slow H,"O 
Al 20,H | ———= R“COt+ RCO,H —e R“CHO-OH + Ht 
RCO’ Fast ; 


R“CON. 
A-2 | JO, H| 4-H 8O —*~ R“CO,H + R*CO*#8OH + Ht 
R:CO’ 


Acetic Mesitoic Anhydride.—We discuss this compound first because the evidence is 
simple. The lowest two lines of Table 4 show that the hydrolysis is dependent on hp, i.e., 
log k,“ + H, is approximately constant, whereas log k,“ — log [HCIO,] increases sharply 
as [HCIO,] increases. (A plot of log k,“ against —H, has a slope of 1-1, and the point 
for a mixture of perchloric acid and sodium perchlorate fits well.) The value of AS* (for 
M-HCIO,) is —3-8 e.u., close to that expected for an A-1 mechanism.” The bond fission 
is predominantly mesitoyl-oxygen (Table 7). This, with the kinetic evidence, suggests 
that the main reaction route is formation of a mesitoylium ion from the conjugate acid of 
acetic mesitoic anhydride. We know that this ion is formed from mesitoic acid and its 
esters in strong acids, under conditions in which the acetylium ion is not formed,” and we 
should expect that bimolecular attack would be preferentially upon the acetyl group 
[this is so for neutral hydrolysis (Table 7))}. 

There is isotopic evidence for some acetyl-oxygen bond fission in the acid hydrolysis, 
because the mesitoic acid has <50% of the enrichment of the water; !* however, some 
mesitoic acid in the anhydride could be responsible for part of this effect. 

Acetic Benzoic Anhydride.—The hydrolysis of this compound is discussed next because 
our three mechanistic tests agree in suggesting an A-2 mechanism. The acetyl—oxygen 
bond is broken in both acid and neutral hydrolysis (Table 7). This suggests bimolecular 


® Zucker and Hammett, J. Amer. Chem. Soc., 1939, 61, 2779, 2785, 2791. 

10 Taft, ibid., 1952, 74, 5374; Long, Pritchard, and Stafford, ibid., 1957, 79, 2362; Glasstone, Laidler 
and Eyring, “‘ Theory of Rate Processes,” McGraw Hill Book Co., New York, 1941, p. 195. 

11 Long and Paul, Chem. Rev., 1957, 57, 935; Taft, Deno, and Skell, Ann. Rev. Phys. Chem., 1958, 
9, 303. 

12 Treffers and Hammett, J. Amer. Chem. Soc., 1937, 59, 1758; Gillespie and Leisten, Quart. Rev., 
1954, 8, 52. 

13 Bender, ]. Amer. Chem. Soc., 1951, 78, 1626. 
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mechanisms, because nucleophilic attack will be preferentially upon the acetyl carbon 
atom. The acid-hydrolysis is not dependent on hy (last but one line of Table 2, and Figs. 
jand 2). A plot of log k,“ against —H, is approximately linear (Fig. 2), but the slope 
is low (ca. —0°6). A plot of log k,“ against log [HCIO,] is not linear over the whole range 
of acidity; it is linear, with slope ca. 1-2 up to ca. 1-2m-perchloric acid. At higher concen- 
trations of acid the curve steepens rapidly. Such deviations are well known for A-2 
reactions,"-14 and the behaviour of acetic benzoic anhydride is very similar to that of 
cyclic sulphites.° The entropy of activation is ca. 20 e.u. more negative than that for the 
acid-hydrolysis of acetic mesitoic anhydride, and its value (—22-4 e.u.) is similar to those 
found for A-2 reactions.! 

The rate of hydrolysis is ca. one-third of that of acetic anhydride under comparable 
conditions. This is reasonable, because this anhydride has two equally reactive points 
of reaction. It seems therefore that bimolecular nucleophilic attack upon the acetyl 
group is little affected by replacement of an acetate by a benzoate group. 

The rates of hydrolysis of acetic p-nitrobenzoic anhydride were not measured, but the 


‘ acetyl-oxygen bond fission (Table 7) suggests a bimolecular mechanism for acid hydrolysis. 


Benzoic Anhydride.—Bond-fission experiments cannot be applied to the hydrolysis of 
this anhydride; therefore we revert to quasi-thermodynamic arguments based upon the 
Zucker-Hammett hypothesis and the value of AS*. Also, we could not use water as a 
kinetic solvent, because of the low solubility of the anhydride. 

In dioxan—water 60:40 (v/v) the hydrolysis is clearly not hy-dependent (Table 3). 
A plot of log k,“ against —H, is curved, with a slope of ca. 0-3 at the highest acidity. A 
plot of log k,“ against log [HCIO,) is linear over the acidity range measured (<3m), with 
slope 1-1. This concentration-dependence suggests that the reaction is of A-2 type, in 
accord with a value of AS* of —18-9 e.u.!° 

Acetic Anhydride—The aqueous hydrolysis of this anhydride is h-dependent for 
several acids, over a wide range of acidity, and it was concluded that this is an A-l 
reaction. The value of the entropy of activation, AS* = +2:-2 e.u. (Table 7), supports 
this, and we find also that the rates of hydrolysis in mixtures of perchloric acid and sodium 
perchlorate (Table 1) fit reasonably well on a plot of log k,“ against —H, for perchloric 
acid. (In making this comparison we have altered the H, values used by Gold and Hilton # 
to fit a recalculated scale.!*) 

The evidence on the mechanism of acid hydrolysis in aqueous dioxan is much less 
clear cut. For both dioxan—water solvents plots of log k,“ against —H, are linear (and 
almost coincident), but with slopes of ca. 0-7 (Fig. 2). The values for mixtures of perchloric 
acid and lithium perchlorate fit well on this straight line for the less aqueous solvent. 
Plots of log &,“ against log [HC1O,] are also linear up to [HCIO,] ~ 1-2M, and they too are 
almost coincident: at higher acidities they steepen sharply (Fig. 1). The kinetic salt 
effects of lithium perchlorate and tetraethylammonium bromide are in the same order as 
their salt effects upon /y; }* however, in mixtures of perchloric acid and lithium perchlorate 
the hydrolyses in aqueous dioxan are almost wholly concentration-dependent (Table 1). 
Thus these kinetic salt effects are of little value in elucidating the mechanism of this 
hydrolysis in aqueous dioxan, and the rapidity of the hydrolysis prevents our measuring 
the activity coefficients of the anhydride in these kinetic solvents and so applying the 
refined treatment which McIntyre and Long used for the acid-hydrolyses of acetals.2” 

Comparison with the hydrolyses of acetic benzoic and dibenzoic anhydride in aqueous 
dioxan, and consideration of the entropies of activation suggest that the mechanism is not 
of A-1 type in aqueous dioxan; e¢.g., in dioxan—water 60 : 40 (v/v), AS* = —16-le.u.; and 
in 40:60 (v/v), AS* = —193 e.u. Further the ratio kp/kg is 1-45 (for hydrolysis in 


™ Bell, Dowding, and Noble, J., 1955, 3106. 

'® Bunton, de la Mare, and Tillett, J., 1958, 4754; J., 1959, 1766. 
16 Paul and Long, Chem. Rev., 1957, 57, 1. 

“ McIntyre and Long, J. Amer. Chem. Soc., 1954, 76, 3240. 
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dioxan—water 60 : 40 v/v), in the range which is often found for A-2 reactions; the usual 
values 8 for A-1 reactions are >2. This kinetic isotope effect is not conclusive evidence 
because it has not yet been applied to many known mechanisms in mixed solvents. 

It seems probable that the hydrolysis of acetic anhydride in aqueous dioxan is an 
example of a bimolecular reaction in which the activity coefficient ratio /,/f,* varies with 
acidity approximately as does fp/fgu+ [where S is the initial and x* the transition state 
(containing S, H* and H,O), and B is a Hammett base}. To this extent these hydrolyses 
are very similar to those of dialkyl sulphites in aqueous acid. 

Mesitoic Anhydride.—A few experiments were made on the acid hydecysis of this 
anhydride. Our experimental method could not be used with [HCIO,] > 0-3M, and we 
do not know whether the acid-hydrolysis is concentration- or /4)-dependent. 

Bimolecular attack would be very hindered sterically, and mesitoic anhydride reacts 
sufficiently slowly with alkali for the hydrolysis to be followed by acid-base titration. 
The value of the entropy of activation is —8-6 e.u., and similar to those found for A-] 
reactions.!° These results suggest a unimolecular mechanism for acid-hydrolysis. How- 
ever, this compound is much less reactive than acetic mesitoic anhydride (Tables 4 and 5), 
This may be due to a steric hindrance of solvation of the forming mesitoyl cation, and the 
energy of activation is higher than for other anhydrides. 

Comparison between our results for the hydrolysis of acetic anhydride in aqueous 
dioxan, and those of Gold and Hilton for the aqueous hydrolysis * suggests a mechanistic 
change with changing solvent. Such a change is observed for acetylation by acetic 
anhydride when the solvent is changed from aqueous hydrochloric acid to acetic acid 
containing hydrogen chloride. If this interpretation is correct there must be some 
intermediate solvent composition at which the two mechanisms either coexist or merge. 
Objection has been raised to the view that uni- and bi-molecular mechanisms can merge; ® 
and evidence has been presented suggesting that an alkyl halide can undergo simultaneous 
uni- and bi-molecular substitution.” It is unfortunate that we could not study the 
hydrolyses of benzoic anhydride and acetic benzoic anhydride in water, because if there 
is a mechanistic change in the acid hydrolysis of acetic anhydride caused by a change in 
solvent composition, it should also appear with other compounds. 

The relative rates of the A-2 hydrolyses of these anhydrides are: acetic > acetic 
benzoic ~ acetic mesitoic > benzoic. This order is similar to that for other reactions 
of the A,,2 type. The relative resistance of the benzoyl group to nucleophilic attack is 
evident. Because of the way in which the uni- and bi-molecular components of hydrolysis 
vary with acidity, solvent, and temperature, it is not useful to quote relative rates for 
these compounds. Table 6 summarises our experimental observations and our conclusions 
as to the predominant reaction mechanism. 

Applicability of the Zucker-Hammett Hypothesis.—There are a number of reactions 
which are thought to have the A-2 mechanism but have kinetic forms close to that predicted 
for A-1 reactions by the Zucker-Hammett hypothesis. The rate equation (due to Brén- 
sted) for an A-2 reaction can be written: 


8 8” 


Proportionality between rate and acid-concentration, as predicted by the Zucker-Hammett 
hypothesis, requires the activity-coefficient term to be independent of acidity; the frequent 
breakdown of this relation is sometimes ascribed to differences in the molecular geometry 
of reacting substrates which may affect this activity-coefficient ratio. 

The rate equation (1) for bimolecular reaction between a water molecule and a conjugate 
acid can be written in another form, 


a ee 


ae — and Long, ibid., 1958, 80, 4162. 
19 Gold, 1956, 4633. 
a sek ll Queen, and Shillaker, Proc. Chem. Soc., 1959, 157. 
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Constancy of the quotient fg, . fast /f* would lead to a proportionality between rate and hy 
(when the small variation in the concentration of water is neglected). This approximation 
js similar to that applied to equation (1) in the original form of the Zucker-Hammett 
hypothesis; but it does not generally conform to the experiments. 

We therefore consider another possible rearrangement of equation (1) for an A-2 
reaction, by removing the terms which involve the activity or concentration of water. 
The term —H, — log [HX] + 4 log ay, (where HX is a strong acid) is approximately 
independent of acid concentration in water for [HX] < 8m." Therefore equation (1a) 
can be written in the logarithmic form: 


log v/[S] = —}?H, + } log [HX] + log fas+/fe + Constant . . (1b) 


This should also apply to hydrolyses in aqueous dioxan, provided that the omission is 
justified in this solvent, as it should be at low concentrations of acid. 

Plots of log k,“ against (—}?H, + } log [HCIO,}) for the hydrolyses of acetic anhydride 
and acetic benzoic anhydride are straight lines, of slopes 0-8 and 0-75 respectively; the 
points for the different solvents coincide. This suggests that the activity coefficients of 
the conjugate acids and the transition states vary similarly with acidity. This approxim- 
ation differs from that usually applied to A-2 reactions (equation 1), but it fits our system 
better: it may be reasonable provided that the water molecule is not closely bound to the 
reaction centre in the transition state. This distance between the reaction centre and 
the oxygen atom, in the transition state, will be small for unreactive conjugate acids, and 
will increase as the reactivity of the conjugate acid increases. Therefore, the more 
reactive (more electrophilic) the conjugate acid, the less closely is the water molecule 
involved in the transition state, and the more divergent is the kinetic form from concen- 
tration-dependence in favour of 4)-dependence. We might therefore expect that, for any 
given class of compounds reacting by A-2 mechanisms, the more reactive members will 
show behaviour intermediate between dependence on concentration of acid and on hp. 

Such evidence as exists is in agreement with this. In our experiments the rate of 
hydrolysis of the comparatively unreactive benzoic anhydride depends on acid concen- 
tration, whereas the more reactive acetic anhydride and acetic benzoic anhydride are 
approximately hy-dependent. Hydrolysis of the comparatively unreactive alkyl benzoates 
(and substituted benzoates) is concentration-dependent ** (A,.2 mechanism), whereas 
the more reactive aliphatic esters show an intermediate form between dependence upon 
stoicheiometric acidity and upon hy.4* The kinetic behaviour of the cyclic and open-chain 
dialkyl sulphites, in their A-2 hydrolyses, is intermediate between concentration- and 
hg dependence; here also the kinetic behaviour of the more reactive dialkyl sulphites is 
closer to hy-dependence.® 

In the extreme situation—an A-1 mechanism—the water molecule is considered to 
have the réle of solvating the reactants and the transition state. The activity of water 
does not enter explicitly into the rate equation, and the rate follows hy, except for deviations 
due to the lack of identity between f,/f,+ and fp/fqn+. 

In this discussion of the mechanism of acid-catalysed reactions we postulate a con- 
tinuous change in the structures of the transition state with changes in the structure of the 
substrate; we also assume implicitly that the structure of the transition state changes, 
for a given substrate, witha change in environment, e¢.g., with change in the concentration 
of acid or of solvent. It seems to us that it is very difficult to translate the rate equation 
deduced by Brénsted into molecular terms for these acid-catalysed solvolyses. 

For the A-2 mechanism the activity of water appears explicitly in the equation, and 
the ratio of activity coefficients-will also depend upon the solvent. For the A-1 mechanism 
the activity of water does not appear explicitly in the rate equation. This implies a 
discontinuity in mechanism, whereas our experiments on the hydrolyses of carboxylic 


*t Bascombe and Bell, Discuss. Faraday Soc., 1957, 24, 158. 
* Chmiel and Long, J. Amer. Chem. Soc., 1956, 78, 3326. 
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anhydrides suggest a merging of uni- and bi-molecular mechanisms with changes jp 
structure and solvent composition. 


EXPERIMENTAL 

Materials.—“‘ AnalaR’”’ acetic anhydride was distilled from magnesium turnings, the 
fraction boiling between 137-8° and 138-2° being collected. 

Commercial benzoic anhydride was freed from benzoic acid by washing it with aqueous 
sodium hydrogen carbonate and then water, dried, and after several recrystallisations from 
benzene-light petroleum ether had (constant) m. p. 42°. 

Mixed anhydrides containing the acetyl radical were prepared by means of keten.**  Keten 
(from pyrolysis of acetone) was passed into a dry ethereal solution of the carboxylic acid (ca, 
1 g.), then the ether was removed. The purity of the oily products was assessed in three ways: 
(1) Titration against alkali gave the total amount of carboxylic acid + anhydride. (2) A 
known amount was dissolved in dry dioxan; aniline was added to a portion, and water to 
another. After a time sufficient for reaction each portion was titrated against alkali, and the 
amounts of free acid and anhydride were calculated. (3) Unsymmetrical anhydrides and 
mixtures of two simple anhydrides were distinguished by kinetic analysis. Hydrolysis was 
accurately of the first order for 80—90% of reaction for both acetic benzoic and acetic mesitoic 
anhydride. 

Because of the ease of interconversion of an unsymmetrical anhydride into a mixture of 
symmetrical anhydrides samples were used within a short time of preparation. Acetic benzoic 
anhydride was a pale yellow oil. Samples contained >94% of anhydride. Acetic p-nitro- 
benzoic anhydride, recrystallised from light petroleum, had m. p. 75-5—77° and contained ca. 
92% of anhydride. Acetic mesitoic anhydride was a pale yellow oil, containing ca. 85% of 
anhydride, and small quantities of mesitoic acid were isolated by dissolution in ether: the main 
impurity was mesitoic acid, which would not affect the kinetics but would give low figures for 
the amount of mesitoyl-oxygen bond fission. Mesitoic anhydride was prepared by heating 
acetic mesitoic anhydride at 200° for 6 hr.: the product was dissolved in dry ether, and this 
solution treated with charcoal; the product was then recrystallised from light petroleum to 
(constant) m. p. 104° (Fuson, Corse, and Rabjohn ** give m. p. 106—107°). Dioxan was 
purified as described by Vogel ** or by refluxing it for several days with sodium metal (until 
the surface of the molten metal was bright) and fractionating it through a 3 ft. helix-packed 
column (head and tail fractions rejected). 

The kinetic solvent was made up from the appropriate volumes of water and purified dioxan. 
Allowance was made for the water content of 72% perchloric acid in making up the acid 
solutions. 

Sodium and lithium perchlorate were dried at 150°, tetraethylammonium bromide at 110°. 
Aniline was purified by distillation from zinc dust. 

Kinetics.—Hydrolysis was followed by adding portions to an excess of aniline. The an- 
hydrides rapidly and quantitatively give the anilide and carboxylic acid.** The acid, and that 
produced during hydrolysis, were titrated against alkali. A modification of this procedure was 
used when appreciable amounts of perchloric acid were used. After reaction with a known small 
amount of concentrated alkali, the residual acid was titrated with 0-05N-alkali. This method 
is reliable for acid concentrations up to 3M; eé.g., 10®k, for acetic anhydride at 0° in water = 13-4 
min.-!; the dilatometric method‘ gave 10%%, = 13-7. This general method could not be 
applied to the hydrolysis of mesitoic anhydride, because the reaction with aniline was too slow. 
Fortunately reaction with hydroxide is also relatively slow, and therefore the mesitoic acid 
produced could be titrated directly with alkali. It was not possible, however, to add concen- 
trated alkali sufficient to neutralise most of the acid present, because this did hydrolyse the 
anhydride, and therefore we could not use concentrations of the catalysing [HCIO,] > 0-3m. 

Tracer Experiments.—The mixed anhydride (ca. 0-25m) was allowed to react in a solvent 
containing H,#*O. The less soluble (aromatic) acid was isolated by pouring the solution into 
ice-cold (isotopically normal) water. The aromatic acid was filtered off and recrystallised. 


23 Williams and Hurd, J. Org. Chem., 1940, §, 122; Dunbar and Bolstad, ibid., 1944, 9, 219. 

24 Fuson, Corse, and Rabjohn, J. Amer. Chem. Soc., 1941, 68, 2852. 

2° Vogel, ‘ Practical Organic Chemistry,’’ Longmans, Green and Co., London, 1948, p. 175. 

% Viés, Rec. Trav. chim., 1933, 52, 809; Kappelmeier and van Goor, Analyt. Chim. Acta, 1948, 2, 
146. 
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Benzoic and p-nitrobenzoic acid were converted into their silver salts, and these were decom- 

in vacuo; the evolved carbon dioxide was analysed mass-spectrometrically. Mesitoic 
acid was pyrolysed to carbon monoxide in vacuo over red hot carbon in an R.F. induction 
furnace, the oxide being analysed mass-spectrometrically. Control tests on exchange between 
the carboxylic acids and water were made. 


We are grateful to Professors Sir Christopher Ingold, F.R.S., and E. D. Hughes, F.R.S., 
and to Dr. J. H. Ridd for discussions. We thank the Derbyshire Educational Committee for an 
award (to S. G. P.). 
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614. Organic Carbonates. Part V.1. The Mechanism of 
Hydrolysis of Cyclic Carbonates: Tracer Studies. 


By SHALOM SAREL,* Ippo LEvin, and LEo A. PoHORYLEs. 


Acid- and base-catalysed hydrolysis of carbonates of 2,2-dialkylpropane- 
1,3-diol in H,!8O proceeds with CO-O bond-fission at both stages. Under 
both conditions oxygen exchange occurs during the hydrolysis, in all the 
cases studied, between the exocyclic oxygen atom and the solvent. These 
facts are interpreted in terms of a possibly non-cyclic intermediate in which 
the carbonyl-oxygen atom participates in a reversible fashion. 


WE have tried to establish the positions of bond fission in the acid- and base-catalysed 
hydrolysis of cyclic carbonates, by using 180 as tracer. Garner and Lucas * have shown 
that the formation, followed by acid- and alkali-catalysed hydrolysis, of the optically active 
1,2-dimethylethylene carbonate proceeded with retention of configuration and concluded 
that these hydrolyses involved carbonyl-oxygen bond fission in both stages of the reaction. 
In conformity, the reactions of cyclic carbonates with nucleophilic reagents such as 
ammonia,? amines,‘ hydrazine,5 alcohols, thiols,* and polyols,’ at temperatures below 100°, 
lead to the respective derivatives of carbonic acid. At temperatures above 100°, however, 
the reactions of carbonates of vicinal diols with a variety of nucleophiles containing active 
hydrogen can lead to the formation of 2-hydroxyethyl derivatives such as would be 
obtained similarly by employing ethylene oxide. These reactions proceed with alcohols, 
thiols, phenols, thiophenols, amines, and carboxylic acids at temperatures between 100° 
and 200°, with or without a catalyst, with loss of carbon dioxide. Carbonates of «$- and 
ay-diols also react with potassium thiocyanate at temperatures above 100°, to give fair 
yields of cyclic sulphides with loss of carbon dioxide and liberation of potassium cyanate.® 
These reactions require the conclusion that, in certain conditions, cyclic carbonates may be 
cleaved, at least partially, at the carbon—-oxygen bond. 

A preliminary account of our work has been given.!® 


* Formerly Shalom Israelashvili. 


1 Part IV, Sarel, Pohoryles, and Ben-Shoshan, J. Org. Chem., 1959, 24, 1873. 

* Garner and Lucas, J. Amer. Chem. Soc., 1950, 72, 5497. 

3 Baizer, Clark, and Swirdinsky, J. Org. Chem., 1957, 22, 1595; Ludwig and Piech, J. Amer. Chem. 
Soc., 1951, 78, 5779; ref. 1. 

* Baizer, Clark, and Smith, J. Org. Chem., 1957, 22, 1706; Delaby, Chabrier, and Najer, Compt. 
rend., 1952, 284, 2374. 

5 Delaby, Sekera, Chabrier, and Piganiol, Bull. Soc. chim. France, 1951, 392. 

* Pauly, Schubel, and Lockemann, Annalen, 1911, 388, 230, 288. 

7 Pattison, J. Amer. Chem. Soc., 1957, 79, 3455; Bruson and Riener, ibid., 1952, '74, 2100. 

® Morgan and Cretcher, J]. Amer. Chem. Soc., 1946, 68, 781; Carlson and Cretcher, ibid., 1947, 69, 
1952; Carlson, Chem. Abs., 1949, 48, 673; U.S.P., 2,448,767. 

* Searles and Lutz, J. Amer. Chem. Soc., 1958, 80, 3168. 

%” Levin, Pohoryles, and Sarel, Bull. Res. Council Israel, 1958, '7A, 221. 
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EXPERIMENTAL 

The materials have been described in Part IV. Enriched water, containing 1-5% of H,*0, 
was supplied by The Isotope Department, The Weizmann Institute of Science, Rehovot. 

Location of Bond-fission.—(a) Hydrolysis in alkaline solution. 2,2-Dimethylpropane-1,3-dio] 
carbonate (0-13 g.) was added to enriched water (50 ml.) containing two equivalents of sodium 
hydroxide. The mixture was heated to 50° for 5 hr. to effect complete reaction. The diol was 
recovered by ether-extraction, drying (Na,SO,), and removal of solvent. Two recrystallisations 
from carbon tetrachloride afforded the pure glycol, m. p. 126°, which was used for isotopic 
analysis. Hydrolysis of the carbonate was complete in 5 min. at room temperature. 

(b) Hydrolysis in acid solution. A mixture of the carbonate (130 mg.) and enriched water 
(50 ml.) containing 0-1N-hydrochloric acid was heated under reflux for 24 hr. The diol was 
recovered and purified as described above. 

Isotopic Analysis.—The diol was analysed for the content of !8O as described by Anbar e¢ al. 

Isotopic Analysis of Recovered Cyclic Carbonates after Partial Hydrolysis.—2,2-Dimethyl- 
propane-1,3-diol carbonate (158 mg.) was allowed to react with enriched water (50 ml.) con- 
taining 1-5 equivalents of potassium carbonate at 0°. At time intervals, corresponding to 10%, 
17%, 31%, 42%, and 50% hydrolysis, determined independently by parallel in ordinary water, 
the reactions were stopped by adding aqueous perchloric acid to the reaction mixture so as to 
give pH 7. The unchanged ester was recovered by ether. 

Recovered carbonate was dried (P,O,; high vacuum) before being analysed for the content of 
18Q. In asimilar fashion, 2,2-diethylpropane-1,3-diol carbonate (316 mg.) was partially hydrolysed 
in enriched water (25 ml.) containing perchloric acid (0-14N) at 50° (thermostat). The reaction 
was stopped by cooling and then neutralising samples at time intervals corresponding to 5% and 
50% hydrolysis. The unchanged carbonate was recovered and analysed for the content of #0 
as described above. Similar experiments were carried out at different acid concentrations. 

Isotopic Analysis of Recovered Cyclic Carbonate.—The content of !8O in the recovered ester 
was determined by isotopic analysis of the carbon dioxide liberated in its acid-hydrolysis in a 
sealed system. Ina typical experiment, recovered ester (29 mg.), trifluoroacetic acid (48-6 mg.), 
and distilled water (13 mg.) were placed in an ampoule and cooled to liquid-air temperature 
before being sealed under a high vacuum. The whole was then heated at 50° for 30 hr., at 
which time the ester hydrolysis and the #*O exchange between all components in the system 
were complete. The isotopic analysis of liberated carbon dioxide was carried out after the 
ampoule had been broken in the inlet system of the mass spectrometer. Since the atom- 
fraction excess of 1*O in the ester-carbonyl group presumably decreases upon its conversion 
into carbon dioxide, the true isotopic composition of the recovered carbonate was then computed 
by use of the ordinary isotopic dilution formula, as follows: 

2N4—N,=N 

Na = 4{(2m, + 2m, + 3)NE — (2m, + 15)No)/m4 
where N is the atom fraction of 1%O in the ester-carbonyl group, Np and Ny, are the isotopic 
compositions of carbon dioxide before and after correction, respectively, ,, mz, and m, are the 
corresponding mmol. of recovered carbonate, trifluoroacetic acid, and water. The natural 
18Q-abundance (N,) of carbon dioxide was 0-20. The results of these isotopic analyses are 
given in Table 1. 


TABLE 1. Isotopic analysis of 2,2-diethylpropan-1,3-diol carbonate recovered after 
partial hydrolysis in 1-5% H,'80. 
N—N, N—No 
Time Hydrolysis %O atom % excess Time Hydrolysis %O atom % excess 
(min.) (%) on exocyclic oxygen (min.) %) on exocyclic oxygen 
Acidic * Alkaline @ 
5° 5 0-128 “5 
30° 34-5 0-520 17 
240° — 0 K 31 
42 
Neutral 50 
15 0 0 
30¢ 0 0 
* At 50°. * With 0-Im-HCIO,. * With 3-16 x 10“m-HCIO,. ¢ With 0-03m-K,CO, at 0°. 





41 Anbar, Dostrovsky, Klein, and Samuel, J., 1955, 155. 
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DISCUSSION 


In the base- and acid-catalysed hydrolysis of cyclic «8- and «y-carbonates in H,'80, the 
diol produced was isotopically normal, proving that cleavage of cyclic carbonates had 
occurred with carbonyl-oxygen bond-fission in both stages of the hydrolysis. 

Miller and Case 1? have shown that the hydrolysis of diethyl carbonate in alkali is a 
two-stage process. The first stage, which follows second-order kinetics, is followed by a 
slow first-order reaction. Faurholt and his associates,4* who studied the first-order 
decomposition of alkyl hydrogen carbonates, revealed that this reaction is accompanied 
by the reverse process (esterification) * which is also a first-order reaction. Thus, he was 
able to calculate the rates and equilibrium constants of hydrolysis for a series of alkyl and 
hydroxyalkyl hydrogen carbonates in alkali. In view of this, the opening-stage in the 
pase-catalysed hydrolysis of cyclic carbonates, which has been shown to proceed rapidly 
by second-order kinetics,° can be depicted as occurring reversibly and may be labelled 
Byo2. 

4 the other hand, the second-stage in these hydrolyses probably proceeds by a uni- 
molecular mechanism and can be tentatively labelled either Bygl or Sgl. The latter 
illustrates a unimolecular O-decarboxylation (reaction 2).1¢ 


GICHALO-70 + OH” meet HOFCHSWO-CO,” ie teas « @ 


HO[CH,],"O"CO,~ === HO[CH,),O- + CO, - . BaclorSgl . (2) 


The exchange reaction of the type (3) seems to occur in significant competition with the 
acid- or base-hydrolysis of cyclic 1,3-carbonates. 


SA 


ren YEHO + HHO meme (CHI Yo=HO + HHO eeeouny log 


In every case the exchange between the solvent and the cyclic ester took place only 
during the hydrolysis (Table 1). Conceivably, these findings can be explained in terms 
of the formation, during alkaline hydrolysis, of an intermediate in which the carbonyl- 
oxygen atom of the ester participates reversibly, by analogy with the mechanism pro- 
posed by Bender for alkaline hydrolysis of carboxylic esters.” 

Our results require that during alkaline hydrolysis the reversible interconversion 
between ionised ester hydrate intermediates (I, III) by way of the un-ionised form (II) 
should be rapid. Scheme (4) illustrates an alternative proposal; this requires that the 
breakage of the cyclic C—O bond in (I) occurs in significant competition with its conversion 
into (II) and that the resulting acyclic ionised intermediate (IV) can undergo both ready 
exchange and, at least partially, ring-closure into (I) or {III). If the atom fraction of 
40 in recovered ester is expressed in terms of percent, from the equation 1-5% + 
(1 — x)0-2 = 0-35 [where x is the fraction of recovered ester having the same isotopic 
composition on the carbonyl-oxygen atom as that of the solvent (1-5% of H,O) and 


* The formation of ethylene carbonate by reaction of ethylene chlorohydrin and concentrated 
aqueous bicarbonate 4 presumably involves the reaction sequence: 


Cl-CH,-CH,-OH + HCO; == H,O + Heer FEI — H,C—CH, + CI” 
| J 


oO. LO a 2 
cO Oo 
and illustrates the type of esterification (reversal of hydrolysis) discussed here. 


2 Miller and Case, J. Amer. Chem. Soc., 1935, 57, 810. 

% Noring, Jensen, and Faurholt, Acta Chem. Scand., 1952, 6, 404 and previous papers cited there. 

4 Steimmig and Wittmer, German Patent 516,281. 

* Pohoryles and Sarel, Compt. rend., 1957, 245, 2321; Pohoryles, Levin, and Sarel, Bull. Res. Council 
Tsvael, 1958, 7A, 221; Kempa and Lee, J., 1959, 1576. 

'* Brown, Quart. Rev., 1951, 5, 131. 

” Bender, J. Amer. Chem. Soc., 1951 ,78, 1626. 
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(1 — x) is the fraction containing the natural abundance of O"* (0-2%)], it can be calculated 
that with 50% hydrolysis the re-formation of the cyclic ester from the assumed inter- 
mediate amounts to only 11-5%. 
[CHg])n"O oe | [CH,],°O “a qe O-[(CH,],.°O nn qe 0-(CH,],"O on 
Yee) Pe OTN st0H pe OTN ton relia. Kao] 
(1) (IT) (ITT) 


J®2 
~O*[CHg]n"O°CO"!8#OH <— ~O[CHy)p"OrCy hn 
Noo 


(IV) 


~ +H,O 
CHOCO + Ht = iH Jw'O°CO-OH = HOCH, ],°0°CO,H,* —— Products 
[ 2. 2. a [ 2) 2 


‘aid (V) 


OrICHyIO-7=OH <-> O[CH,)°O'C-OH 
en sl Bens 
(VI) 


Evidently, the exchange process expressed in equation (4) provides a reasonable 
explanation of our results but it should be regarded as tentative. 

The acid-hydrolysis can be written as a multi-stage process of the type shown in 
equation (5). The initial step, a pre-equilibrium proton-transfer, is followed by a slow 
bimolecular acyl-oxygen bond-fission # (A, ,2) and then by a fast unimolecular acyl- 
oxygen bond-fission (A,gl). Since oxygen exchange under acidic conditions occurs in 
significant competition with hydrolysis (see above), positively charged ester hydrates such 
as (V) and (VI) may contribute to the structures of intermediates capable of exchange. 


We are indebted to The Isotopic Department, The Weizmann Institute of Science, Rehovot, 
for a generous gift of enriched water and for the isotopic analysis, and to Dr. F. Klein of that 
Department for help and useful discussions. 

DEPARTMENT OF PHARMACEUTICAL CHEMISTRY, THE HEBREW UNIVERSITY, 

SCHOOL OF PHARMACY, JERUSALEM, ISRAEL. [Received, June 17th, 1959.) 


18 Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,”’ Bell, London, 1953, p. 769; Levin, 
Pohoryles, Sarel, and Usieli, Bull. Res. Council Israel, 1958, 7A, 220. 


615. Organic Carbonates. Part VI.1 The Rates of Alkaline 
Hydrolysis of Substituted Cyclic «8- and «y-Carbonates. 
By Leo A. PoHoryLes, Ippo LEvIN, and SHALOM SAREL.* 


The rates of alkaline hydrolysis of a number of branched cyclic a$- and 
ay-carbonates and analogous lactones in water, at 0°, have been measured. 
The reactions are of the second order. The «y- show greater reactivity 
towards hydroxide ions than do the af-carbonates, as do other analogous 
lactones. Alkyl-substitution in the carbon chain affects the rate of 
hydrolysis, but 2,2-dialkylpropane-1,3-diol carbonates are more rapidly 
hydrolysed. 


UNLIKE acid- and base-catalysed hydrolysis of simple esters, which has been studied fairly 


thoroughly,? that of carbonic esters has attracted little attention. Since we were interested 
in the effect of structure on the polymerisation of cyclic carbonates, the kinetics of their 


* Formerly Shalom Israelashvili. 


1 Part V, Sarel, Levin, and Pohoryles, preceding paper. 
2 Ingold, “‘ Structure and Mechanism in Organic Chemistry,’’ Methuen, London, 1953. 
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hydrolysis in acid and alkaline solution were investigated. The present paper reports 
a kinetic study of the alkaline hydrolysis of a series of branched cyclic «8- and «y-carbonates 
in water, and in 1 : 1 acetone—water at 0°. 

Since our main concern was with the effect of substituents on the rates of the ring- 
opening a technique had to be worked out for measuring the rates for the first stage of the 
alkaline hydrolysis. 

In Part V,! the hydrolysis of cyclic carbonates in alkali has been described as a multi- 
stage process, involving an intermediate (alkyl carbonate) ion as the first stage. This 
intermediate is the anion of an acid RHCO, which would be expected to be similar in 
strength to carbonic acid in its first dissociation (K, = 3 x 10%). It was therefore 
assumed that the first stage could be followed by measuring the consumption of alkali, 
an indicator being used to which carbonic acid behaves as a monobasic acid (pH 8-4). 
Alkaline hydrolysis of the cyclic «8- and «y-carbonates was too rapid even at 0° in very 
dilute solutions of alkali hydroxides, but it was slow enough in potassium carbonate 
solutions for convenient measurement. A preliminary account of this study has already 
been given elsewhere.® 


EXPERIMENTAL 


Starting materials have been described in Part IV.‘ Acetone was purified by the method 
there described. Doubly distilled water was used in the preparation of all solutions for kinetic 
runs. Hydrochloric acid was titrated against standard hydroxide. Sodium hydroxide 
solutions occasionally used in back-titration were prepared by diluting a saturated carbonate- 
free solution. 

Kinetic Studies.—Hydrolyses were carried out in Pyrex glass. Solutions were prepared by 
weighing the desired amount of ester into a 250 ml. flask to which were added 100 ml. of water. 
Then, at the reaction temperature, were added 150 ml. of water containing either sodium 
hydroxide or potassium carbonate of such strength that their final molar concentration was 
between 1-2—~2 times that of the ester. The extent of reaction was determined from the loss 
of base during the reaction, by titrating the excess of alkali in aliquot parts at intervals with 
standard hydrochloric acid by use of a potentiometer at pH 8-2. However, the use of a mixture 
of Cresol Red and Thymol Blue (end-point, pH 8-2) as indicator yields equally good results. 
The concentration of esters was 0-025—0-035n and that of potassium carbonate 0-064N. 

Calculations.—Since the kinetic form taken by the first-stage of the reaction was 


ds/dt = k,f{carbomate/(OH"]........ (i 


the rate constants were calculated by expression (2) which was derived from the integrated 
form of the second-order rate equation: 5 
2-303T T,(T, — T.,) v 
kg = ———@ x log —————* xa a a a ae 
: tet ee Ee (2) 

where T, is the volume of standard acid required to neutralise the hydroxide at the beginning 
of the reaction, 7; is the volume after ¢ min., T,, is the volume equivalent to the excess of alkali 
remaining when all the cyclic carbonate had been converted into intermediate (III), v is the 
volume of reaction mixture in ml. removed for each titration, and N is the normality of the 
acid used. Results of a typical run are shown in Table 3. 

When potassium carbonate is the source of hydroxide ions, where the hydrolysis 
CO, + H,O == OH- + HCO,- occurs, the hydroxide-ion concentration can be derived 
from the equation 

(Ol) =: BR Bee) a ok res. BH BE 
Thus, equation (1) becomes 
dx/dt = k,K’[carbonate][CO,*-J[THCO,7] . ... . . (4) 
® Pohoryles, Levin, and Sarel, Bull. Res. Council Israel, 1958,'7A, 221. 


* Sarel, Pohoryles, and Ben-Shoshan, J. Org. Chem., 1959, 24, 2067. 
» Glasstone, ‘‘ Textbook of Physical Chemistry,’’ Macmillan, London, 1946, p. 1058. 
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Integration of eqn. (4) by Shields’s method ° gives: 


‘ ie T, —T PA 
5208 Te ae Tle Ty) ge Te-To 2 


one y,,” ~~ Ti,—ta eae, | 

where k, is the second-order rate constant of hydrolysis by hydroxide ions, Ty is the volume of 
standard acid required to change carbonate ions at the beginning of the reaction into 
bicarbonate, T; is the volume after ¢ min., and T,,, that equivalent to the excess of carbonate 
ions remaining when all the cyclic carbonate has been converted into the open-chain inter- 
mediate (III). The quantity K’ can be derived from the relation K’ = K,,/K,, where K, is the 
second dissociation constant of carbonic acid. For the calculation of K,, the following values? 
were taken, for 0°: K, = 2:36 x 104%; K, = 1-139 x 10°. Results of a typical run are 
shown in Table 3. 

After this work had been concluded, Kempa and Lee ® reported a similar derivation for the 


TABLE 1. Alkaline hydrolysis of cyclic carbonates in water at 0°. 
k (x 0) 
0 


O 
No. R in RO Nc=o ky (1. mole min.~) at \o/ <P 
‘0% 10!Z K,CO, NaOH he (EtsCO,) 
Open chain 
ic NL: Setmensiasahbarcinulibcenlaanteks — — 0-46 1-0 
5-Membered rings 
ga Fi ihe Mart fae 4-92 10-2 — 22-1 
3 -CHMeCH,-.................008 2-41 5-0 — 10-8 
4 -CHMe-CHMe-................. 1-93 4-0 5-0 8-7 
5 ~—CHMe-CMe,- 1-0 2-1 2-3 5-0 
ee + ee _ — 0-1¢ (0-05) 
7 -CHPhCHPt- .................. 12-0 24-8 — 54 
6-Membered rings 
Di SEI ETR IEE 0. ccccesecsocenes 55 114 — 248 
Od ate ae ae 30° Ay, Se 
9 -CHMe:CH,CHMe-............ 6-7 "13-9 — 30 
10 -CHyCMeyCH,- ........6..0000 180 364 — 800 
ti eaiaiielildiece nba 105° a se 
12 -CHyCEty CH ........cccceee 140 | 239 — 519 
Tall sbeillal t-PA 64 ava a 
12 -CH-CEtPh-CH,-............... 75° 263° 571 
13 -CH,-CMePr™CH,- ............ 52° 183° 398 


* Rate in 1 : 1 acetone—water at 30°. * Measuredin 1: 1 acetone—-waterat0°. ¢* Kinetic measure- 
ments in 1: 1 acetone—-water of compounds nos, 8, 10, and 11 show that the quantity Z is smaller 
than in water by a factor 1-7. Accordingly, for comparisons, the rate constant A, in water was com- 
puted by multiplying the quantity Z, measured in 1 : 1 acetone—water, by the factor 1-7K’. 


TABLE 2. Alkaline hydrolysis of lactones and related esters in water at 0°. 








hk, (1. mole min.~) ky (substrate) 
No. Substrate K,CO, NaOH ky (EtOAc) 

BBO Bidacccscctcabevasebhahsbcceteatbausdesesbies — 1-2 1-0 
arate OER, cee Se en as 0-46 0-38 

3 HO-CHyCMeyCHyOAC ...ccccccessceesseeeenee we 1-5 1-2 

4 OCH CH CHyCO wessnccvcesneesceeneeen 6-5 7-56 ¢ 5-4 

5 b pete se eet? Saatdeavinecondcedensiare 2-5 3-54 2-0 

6 


O-CH, CH CHyCH,-(O shlntllitiabeeeTiacaniin o_ 428° (356) 





* According to Olsson (Z. phys. Chem., 1928, 188, 233), the rate of hydrolysis of ethyl acetate in 
water at 0° is 1-21. mole min.~. * By extrapolation of the data of Miller and Case (J. Amer. Chem. 
Soc., 1935, 57, 810) the value 0-453 1. mole! min.~! is obtained for hydrolysis of diethyl carbonate in 
water at 0°. * Data of Matuszak and Shechter (Abs. Papers Amer. Chem. Soc. Meeting, New York, 
Sept. 1957, p. 12-p) for water—1,2-dimethoxyethane at 0-03°. # By extrapolation of the data given 
by Hiickel (‘‘ Theoretische Grundlagen der Organischen Chemie,”” Akademische Verlagsges., Geest und 
Portig K.-G., Leipzig, 1943, p. 562). 

* Shields, Z. phys. Chem., 1893, 12, 167. 
? Harned and Owen, “‘ The Physical Chemistry of Electrolytic Solutions,” 3rd ed., Reinhold Publ. 
Corp., New York, 1958. 
® Kempa and Lee, J., 1959, 1576. 
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special case in which the initial concentrations of cyclic carbonate and of alkali carbonate 
were equal. 
Results.—Our results are summarised in Tables 1—4 (where fy refers to 0°). 


TABLE 3. Hydrolysis of ethylene carbonate in aqueous potassium carbonate at 0°: 
Acid = 0-1n-HCL. 


Time (min.) ......... 0 30 60 90 120 160 275 300 480 49 hr. 
e, scckuskesbbensontedet 7-2 6-1 5-8 5-6 5-4 51 4-7 4-6 4-2 1-1 
k, (1. mole min.~) — 10-3 10-3 10-0 9-6 10-9 10-0 10-2 9-6 — 


(Average: k, = 10-1.) 


TABLE 4. Hydrolysis of tetramethylethylene carbonate in 1: 1 acetone—-water at 32°: 
Acid = 0-1IN. v = 25 ml. 


tk Baer error nsee 0 5 45 105 170 230 290 48 hr. 
BL, ‘Wu avbigbdlreiibackencssenedess 13-05 12:90 11:90 11:10 10-30 9-95 9-63 8-36 
Tig Tem) | decicecdsovccceccsess 4-71 4-56 3-56 2-76 1-96 1-61 1-29 — 
ky (1. mole min.!) ......... — 0-125 0125 0-106 O113 0-105 0-106 — 


(Average: k, = 0-113.) 


DISCUSSION 

From Tables 3 and 4 it can be seen that the first stage in the hydrolysis of cyclic 
carbonates, whether in alkali hydroxide or in alkali carbonates, proceeds by bimolecular 
attack of hydroxide ions on the carbonyl carbon atoms, as discussed in Part V.~ Since 
cyclic carbonates do not have two axial hydrogen atoms vicinal to the carbonyl group, 
valuable information could be gained in studying effects of ring-size and substitution upon 
rates of hydrolysis. 

The greater reactivity towards hydroxide ions of the cyclic wy- than of the a- 
carbonates is qualitatively similar to the behaviour of analogous lactones,® but is contrary 
to the behaviour of analogous sulphites and phosphates." From the quantitative point 
of view, some significant differences can be noticed between the classical esters of carboxylic 
and those of carbonic acids. For example, the reactivity toward alkaline hydrolysis 
increases on going from the open-chain to the five- and six-membered ring carbonates in 
the order 1 : 22 : 248, as compared with an order of 1 : 6 : 356 in the carboxylic acid series. 
Further, in the series of five-membered ring esters, ethylene carbonate is hydrolysed at 0° 
slightly faster than y-butyrolactone, whereas in the 6-membered ring series 3-valerolactone 
is hydrolysed some 4-fold faster than trimethylene carbonate. 

The kinetic measurements show that accumulation of alkyl groups on the a-carbon 
atoms of the diol moieties, whether in acid or in alkaline solution, retards hydrolysis of 
both «$- and ay-carbonates. Some pertinent data have been assembled in this 
laboratory.” 

For the hydrogen chloride-catalysed hydrolysis of cyclic «8- and By-carbonates in water 
at 52°, the rates (relative to ethylene carbonate) are: propylene, 0-7; meso-1,2,-dimethyl- 
ethylene, 0-37; trimethylene, 124; 1-methyltrimethylene, 70; 1,3-dimethyltrimethylene 
31; 2,2-dimethyltrimethylene, 130; 2,2-diethyltrimethylene, 143. 

Unlike substituents, whose effect is relatively small (exception for tetramethylethylene 
carbonate) changes in ring-size have a large effect on reactivity. This could arise from a 
difference in the polarities between the two homologous cyclic esters or could be steric in 
origin. Since it has been shown that changes in ring-size have little effect on the basicities 
of saturated N-heterocycles,!* it seems reasonable to assume that the basicities of the 
five- and six-membered cyclic carbonates are similar. Thus, the effect of ring-size upon 


® Matuszak and Shechter, Abs. Papers Amer. Chem. Soc. Meeting, New York, Sept. 1957, p. 12-p. 

#0 Bunton, de la Mare, Lennard, Llewellyn, Pearson, Pritchard, and Tillett, J., 1958, 4761. 

™ Westheimer, Chem. Soc. Special Publ., 1958, No. 8, p. 1. 

2 Levin, Pohoryles, Sarel, and Usieli, unpublished work; for a preliminary report see Bull. Res. 
Council Israel, 1958, '7, A, 220. 

43 Brown, McDaniel, and Haflinger in ‘‘ Determination of Organic Structure by Physical Methods,” 
ed. Braude and Nachod, Academic Press, New York, 1955. 
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reactivity could arise from a difference in ring strains, as suggested by Brown, Brewster, 
and Shechter." 

The effect of substituents in the cyclic «8-carbonates can reasonably be explained in 
terms of steric effects. The intermediate (II), formed during the hydrolysis, is much more 
crowded than either (I) or (III). As a result, changing of trigonal carbonyl in (I) into 
tetrahedral carbon atom in (II) causes increases in the steric strain of the planar ring %16 
owing to an increase in the repulsion between cyclic oxygen atoms. 

GO“ en A SC—OH 
4 DCO + OH” —e = | ek —- y 
>c—o >c—o” ‘OH Sc—O-cO, 
(1) (11) (111) 


By replacement of hydrogen by methyl in (I) the repulsion between the alkyl groups on 
the adjacent carbon atoms will be notably large when (II) is obtained. This might deform 
the over-crowded molecule so as to allow these groups to be further apart and at the same 
time cause the oxygen atoms of the ring to be brought closer together.'7 The most notable 
effect in the hydrolysis is the retardation produced by the replacement of all hydrogens in 
(I) by methyl: tetramethylethylene carbonate is hydrolysed 160—200 times more slowly 
than trimethylethylene carbonate, which in turn is hydrolysed about 1/5 as fast as ethylene 
carbonate. With the aid of Dreiding models it was found that the change of a trigonal 
into a tetrahedral carbonyl carbon atom in tetramethylethylene carbonate is accompanied 
by a shortening of non-bonded O-O (cyclic) and H-H (methyl) distances by 0-02 A. This 
change depicts in essence a “ contraction phenomenon ”’ and should increase the internal 
strain in (II). 

The effect of substituents in the six-membered compounds seems to depend upon the 
position of branching in the diol moiety. Branching at position 1 and/or 3 of the 1,3-diol 
portion of the cyclic carbonate retards hydrolysis in both acid and alkaline solutions. 
However, branching at position 2 has different effects on the acid- and the base-catalysed 
reactions: it does not affect the rate in acid solutions, but has an “ accelerating ”’ effect 
in alkali. It is not known whether 2-alkyl groups exert a true “ steric acceleration” 
effect or whether the lower reactivity of the unsubstituted compounds is to be related toa 
“steric retardation.” It is interesting that similar results were obtained for addition of 
Grignard reagents to 1,3-cyclic carbonates.1* Significantly, the carbonate of 2,2-diethyl- 
propane-1,3-diol, showing no tendency to polymerise,!® gave with Grignard reagents high 
yields of the expected hydroxy-esters, while poor yields were obtained with trimethylene 
carbonate under similar conditions. Instead, a substantial amount of polytrimethylene 
carbonate was obtained. This seems to indicate that the enhanced tendency to polymeris- 
ation coupled with lower reactivity towards nucleophiles might be explained in terms of 
association arising from dipole-dipole interactions between the O-CO-O groups.’ 1%% 
These interactions, whether in the solid state or in polar solution, are presumably strong 
enough to impart definite orientations to the molecules. The effect of branching at 
position 2 in the 1,3-diol portion of cyclic carbonates upon this behaviour can be explained 
in terms of steric effects as described above.” 


DEPARTMENT OF PHARMACEUTICAL CHEMISTRY, THE HEBREW UNIVERSITY, 
SCHOOL OF PHARMACY, JERUSALEM, ISRAEL. [Received, June 17th, 1959.) 


14 Brown, Brewster, and Shechter, J. Amer. Chem. Soc., 1954, 76, 467. 

15 Slayton, Simmons, and Goldstein, J. Chem. Phys., 1954, 22, 1678; Angell, Tvans. Faraday Soc., 
1956, 52, 1178. 

16 Otto, J. Amer. Chem. Soc., 1937, 59, 1590; Bergmann, Fischer, and Pinchas, Rec. Trav. chim., 
1952, 71, 213; Cumper and Vogel, /J., 1959, 3521. 

17 Kuhn, J. Amer. Chem. Soc., 1958, 80, 5950. 

18 Sarel, Pohoryles, and Marcus, unpublished work; Bull. Res. Council Israel, 1960, 9, A, 69, contains 
a preliminary report. 

1® Sarel and Pohoryles, ]. Amer. Chem. Soc., 1958, 80, 4596. 

2 Mizushima and Kubo, Bull. Chem. Soc. Japan, 1938, 18, 174; Arbuzov and Shavsha, Doklady 
Akad. Nauk S.S.S.R., 1949, 68, 1045; Chem. Abs., 1950, 44, 886; Hales, Jones, and Kynaston, J., 1957, 
622. 
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616. Catalysis by Hydrogen Halides in the Gas Phase. Part. II.* 
t-Butyl Alcohol and Hydrogen Chloride. 


By K. G. Lewis and V. R. Stimson. 


A homogeneous, molecular, gas-phase decomposition of t-butyl alcohol 
into water and isobutene, catalysed by hydrogen chloride at temperatures 
of 328—454°, is described. 


Bett and BurNETT! have shown that hydrogen bromide catalyses the decomposition 
of acetaldehyde in the gas phase at 430° 30 times faster than does hydrogen chloride. The 
uncatalysed gas-phase dehydration of t-butyl alcohol* into water and isobutene takes 
place above 500°. When catalysed by hydrogen bromide it occurs at 315—422° and 
js a homogeneous, molecular reaction (Part I *). The kinetics of this reaction, catalysed 
by hydrogen chloride at temperatures of 328—454°, are now described. 


EXPERIMENTAL 


The reactions were followed by observing the increase of pressure with time. Hydrogen 
chloride was prepared from hydrochloric and sulphuric acids; t-butyl alcohol and cyclohexene 
were prepared as described in Part I. The apparatus and procedure are also described in 
Part I. The ‘ blow-in ’’ technique was used in nearly all the runs. The value of p;/p, was 
ca. 1-92. At the three highest temperatures a correction for the uncatalysed reaction amounting 
to not more than 5% of the rate was applied. Our results are presented in Tables 1—5. 


TABLE 1. Effect of hydrogen chloride on the rate at 439-3°. 


Puc Pauon 105k «105k, * = 10°R,/puc Puct Psaon 10°k 10°, * 10°k,/Pae 
(mm.) (mm.) (sec.-") (sec.1) (sec? mm.) (mm.) (mm.) (sec.-') (sec.~!) (sec.-! mm.~) 
~ 585 2-5 -- ~- 155 276 60 57 37 
74 258 33 30 40 187 112 80 77 41 
93 198 35 32 35 192 220 72 69 36 
155 172 65 62 40 210 131 80 77 37 


Mean 38 + 2 
* k, is the first-order rate constant corrected for the uncatalysed reaction. 


TABLE 2. Variation of rate with temperature. 


No. 10°k,/Puer k,/Puc No. 10°2,/Puci k,/Puo 
Temp. of runs (sec.-'mm.-) (sec. mole~? c.c.) Temp. of runs (sec.-'mm.~) (sec.~ mole~? c.C.) 
454-4° 3 63 290 383-5° 3 5-5 23 
439-3 7 38 170 371-1 5 3-0 12-0 
425-0 10 25 107 357-0 2 2-3 9-0 
410-1 36 15-0 64 341-1 2 1-13 4-3 
395-5 6 77 32 328-2 2 0-67 2-5 


TABLE 3. Rates with added cyclohexene at 410° and water at 371°. 


Poste Puc Psauon 10°, /Puci Pu.0 Puc Pauon 10°k,/Paca 
(mm.) (mm.) (mm.) (sec. mm.) (mm.) (mm.) (mm.) (sec.-? mm.~) 
56 137 157 14:5 192 359 154 3-2 
91 285 125 13-0 299 208 169 3-0 
120 234 314 13-5 
140 134 99 14:8 
142 182 168 14:0 
225 222 142 13-7 
243 55 120 14-0 
301 72 93 16-5 


* Part I, J., 1960, 2836. 


1 Bell and Burnett, Trans. Faraday Soc., 1939, 35, 474. 


. * Schultz and Kistiakowsky, J]. Amer. Chem. Soc., 1934, 56, 395; Barnard, Trans. Faraday Soc., 
59, 55, 947. 
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TABLE 4. Rates with hydrogen bromide and hydrogen chloride together at 371°. 
Calculated 


Found = aS oe Zz 
Pusr Puc Psuon 10°, 10°kypr 10°kgc 105k, 
(mm.) (mm.) (mm.) (sec.-) (sec.—) (sec.-) (sec.-4) 
84 60 263 63 69 1-8 71 
96 67 205 90 79 2-0 81 
12-7 287 128 18-0 10-4 8-6 19-0 
5-7 129 296 8-3 4-7 3-9 8-6 
TABLE 5. Rates in packed vessels: 10°k/ Pym (sec. mm.-*). 
S/V (cm.-) S/V (cm.“) S/V (cm.-) 
Temp. 0-9 3-7 7:7 Temp. 0-9 3-7 77 Temp. 0-9 3-7 77 


454° 63 65-45 5745 410° 15:0 138+4+1 23+1 371°) 3-0 35402 73402 


Products.—After five half-lives at 454° the products from the reaction of t-butyl alcohol 
(426 mm., 163 mg.) and hydrogen chloride (66 mm., 12-5 mg.) were expanded directly into a 51. 
bulb containing magnesium perchlorate (10 g.) and barium oxide (1 g.). The residual gas was 
trapped and weighed (Found: 108-7 mg., 88% yield as isobutene). When chromatographed 
over Celite-acetoacetic ester this gas gave a single peak corresponding to that of isobutene 
prepared from t-butyl alcohol. Molera and Stubbs * have shown that pyrolysis of isobutene 
commences at 580° so that no decomposition is likely under our conditions (< 450°). 

The reaction products from t-butyl alcohol (448 mm., 171 mg.) and hydrogen chloride 
(84 mm., 15-9 mg.), after seven half-lives at 454°, were trapped, isobutene was allowed to 
evaporate, and water in the residue, which also contained hydrogen chloride but no car- 
bonaceous material, was estimated from the microanalysis (Found: 42-1 mg. Theor., 41-6 mg.). 

Homogeneity of the Reaction.—Rates of reaction were also measured in vessels packed with 
concentric glass tubes so that the surface : volume ratios were 7-7 and 3-7 cm."}, i.e., 8 and 4 
times the value for the unpacked vessel. More than one surface of the type mentioned before 
was used at each temperature. About 7 values of the rate were obtained in each case. A value 
of p;/p, = 1:89 was found. The rates (cf. Table 5) were less consistent, but, except for one case, 
comparable with those for the unpacked vessel, indicating that the reaction occurred mainly 
in the gas phase. At 371° in the vessel of surface: volume ratio (S/V) = 7-7 cm. the rate 
was high by a factor of 2-4, which is still not comparable with the increase in S/V, whereas very 
little increase in rate was found for the vessel of S/V = 3-7 cm." (factor = 1-16). In general, 
greater difficulty in obtaining a suitably “‘ cured ’’ surface has been experienced with hydrogen 
chloride-catalysed reactions than with similar reactions involving hydrogen bromide. Often 
after the vessel had been coated with allyl bromide it has been necessary to leave hydrogen 
chloride-catalysed reaction mixtures in it for several days before consistent values of the rate 
have been obtained. This has been especially the case with packed vessels. It seems likely 
that products of the allyl bromide decomposition remaining adsorbed on the surface can affect 
the rate of hydrogen chloride-catalysed reactions considerably, and this is a possible explanation 
of the high rate found for the case mentioned above. 

Rates in the Presence of Cyclohexene.—Cyclohexene has been used as an inhibitor 5 up to 418°. 
In order to test for the presence of free radicals, rates with various pressures of cyclohexene 
were measured at 410°. No significant reduction in rate was found (Table 3). Reactions 
involving free radicals are more likely to be present at the higher temperatures, and if another 
reaction of this type occurred above 410°, a change in activation energy might be expected. 
The reaction appears to be a molecular one between 328° and 454°. 


RESULTS AND DISCUSSION 
The decomposition of t-butyl alcohol in the gas phase is catalysed by hydrogen chloride 
at measurable rates at temperatures of 328—454° (cf. Table 1), which are considerably 
lower than those for the uncatalysed decomposition,? viz., 505—550°. The reaction is 
stoicheiometrically : 





t-C,H,OH + HCl —» iso-C,H, + H,O + HCl 


* Hurd and Spence, J. Amer. Chem. Soc., 1929, 51, 3561. 
* Molera and Stubbs, /., 1952, 384. 
5 Maccoll and Thomas, /., 1957, 5033. 
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Isobutene was the only hydrocarbon found in the products and no gas uncondensed in 
liquid air was detected. The reaction is substantially homogeneous and follows the rate 


equation 
—d{Bu'OH)/dé = k,{Bu'OH) [HCl] 


e.g., individual runs were of the first order and the first-order rate constants so obtained 
were proportional to the initial pressure of hydrogen chloride (cf. Table 1). At 410°, 36 
runs with a range of initial pressures of 110—358 mm. of the alcohol and 43—496 mm. of 
hydrogen chloride gave 10°k,/pyq = 15-0 + 0-8 sec.1 mm.!. The rate of the reaction 
follows the Arrhenius equation k, = 2-0 x 10" exp (—32,700/RT) sec.+ c.c. mole 
between 328° and 454°. The activation energy is slightly higher than that found for the 
same reaction catalysed by hydrogen bromide, viz., 30-4 kcal./mole, and very much lower 
than that for the uncatalysed decomposition,” viz., 65-5 or 54-5 kcal./mole. In the 
temperature range 328—423° the rate with hydrogen bromide is ca. 26 times as fast as that 
with hydrogen chloride, a value very close to that found by Bell and Burnett! for the 
relative rates of catalysis of the decomposition of acetaldehyde, viz., 30. 

Additions of cyclohexene (56—301 mm.), a very effective inhibitor of free-radical 
mechanisms in the closely related decompositions of alkyl bromides,5 had no significant 
effect on the rate at 410° (cf. Table 2), which suggests that the reaction is a molecular one. 
Additions of water (192 and 299 mm.) had no effect on the rate at 371° (cf. Part I). 

The kinetic features of the gas-phase dehydrations of t-butyl alcohol catalysed by 
hydrogen bromide and hydrogen chloride are very similar, and it seems likely that they 
occur by analogous mechanisms. Possible mechanisms for the former have been discussed 
in Part I. The fact that the rate constant with hydrogen chloride is less than that with 
hydrogen bromide is consistent with each of them. In the presence of hydrogen chloride 
and hydrogen bromide together, the two catalysed reactions occur independently: with 
comparable pressures of each catalyst the effect of hydrogen bromide is preponderant, 
and with comparably effective quantities of each the rates are additive (cf. Table 4). 
These facts eliminate possible mechanisms which contain an equilibrium with a common 
intermediate (X) with fast reversible steps, e.g., 

ButOH + HBr 


Na 


X — > Products 


ButOH + HCI a 


Evans and Polanyi ® have suggested that the gaseous polymerisation of isobutene in 
the presence of Friedel-Crafts catalysts and water is initiated by the formation of a t-butyl 
cation and is carried on by a carbonium-ion mechanism. Hydrogen chloride, however, 
is ineffective as a catalyst for this reaction. In the present experiments the major product 
was isobutene; no evidence of polymerisation was observed, but a small amount would 
have escaped detection. 


The authors thank Dr. Allan Maccoll for his interest, and The Chemical Society and 
LC.1.A.N.Z. for grants for equipment. 


UNIVERSITY OF NEW ENGLAND, 
ARMIDALE, N.S.W., AUSTRALIA. [Received, November 17th, 1949.] 


* Evans and Polanyi, J., 1947, 252. 
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617. Catalysis by Hydrogen Halides in the Gas Phase. Part III* 
Isopropyl Alcohol and Hydrogen Bromide. 


By R. A. Ross and V. R. STIMson. 


A homogeneous, molecular, gas-phase decomposition of isopropyl alcohol 
into water and propene catalysed by hydrogen bromide in the temperature 
range 369—520° is described. 


WHEREAS t-butyl alcohol decomposes by itself in the gas-phase at measurable rates at 
temperatures of 487—620° with a high activation energy, its decomposition into isobutene 
and water is catalysed by both hydrogen bromide at 315—422° and hydrogen chloride at 
328—454° (Parts I and II*). These reactions are homogeneous and molecular. In the 
decomposition of isopropyl alcohol over pumice at 615°, Nef * found acetone and hydrogen 
and small amounts of other products as well as propene and water, and numerous subse- 
quent investigations with catalytic surfaces have shown that dehydration and dehydro- 
genation generally accompany one another in various proportions. Barnard ® states 
that a chain reaction is carried on by hydrogen atoms formed by the splitting of the bond 
on the secondary carbon atom. Under the conditions of our experiments decomposition 
occurs above 450°; acetone and a gas uncondensed at liquid-air temperature, presumably 
hydrogen, are produced in addition to the main products, propene and water. Although 
it is not the case for ethanol,‘ it is probable that for isopropyl alcohol a unimolecular 
reaction analogous to those studied by Schultz and Kistiakowsky 5 for t-butyl and t-pentyl 
alcohol produces propene and water, and another type of reaction, occurring at the same 
time, acetone and hydrogen. In the presence of hydrogen bromide, however, a catalysed 
decomposition into propene and water only, presumably analogous to those referred to 
above for t-butyl alcohol, occurs at temperatures above 369°, and this reaction is now 
described. 


EXPERIMENTAL 


Materials.—Isopropyl alcohol (‘‘ AnalaR’”’), fractionated through 1 ft. of Fenske helices 
with a Whitmore—Lux head, had b. p. 79-5° (+0-1°)/669-7 mm. Weissberger ® gives 79-3°/670 
mm. (calc.). Propene, prepared’ from isopropyl alcohol, sulphuric acid, and aluminium 
sulphate, was passed through potassium hydroxide pellets and purified by trap-to-trap 
distillation through a U-bend at —80°. Hydrogen bromide, hydrogen chloride, and cyclo- 
hexene were prepared as described in Parts I and II. Ethanol was of spectroscopic-reagent 
grade. 

Procedure.—The reaction takes place with an increase in pressure and was followed by the 
procedure described in Part I. The “ blow-in”’ technique was used in nearly all runs. In 
general, initial pressures of ca. 100—200 mm. of isopropyl alcohol and hydrogen bromide were 
used. The value of p;/p, was 1-86 + 0-02 (mean of 23 values at various temperatures); this 
value is of the same order as those found for similar reactions in this type of apparatus (for a 
discussion see Part I). A similar value for p;/p, was obtained in the presence of cyclohexene 
and of propene. In their studies of the decompositions of isopropyl bromide and n-propyl 
bromide Maccoll and Thomas and Agius and Maccoll found evidence of an equilibrium reaction 
involving propene and hydrogen bromide.’ It lay well towards decomposition at 300—380°, 


* Part II, preceding paper. 


Part I, Maccoll and Stimson, J., 1960, 2836. 

Nef, Annalen, 1901, 318, 206. 

Barnard, Trans. Faraday Soc., 1959, 55, 947. 

Freeman, Proc. Roy. Soc., 1958, 245, A, 75. 

Schultz and Kistiakowsky, J. A~ter. Chem. Soc., 1934, 56, 395. 

Weissberger, Proskauer, Riddick, and Toops, ‘‘ Organic Solvents,” Interscience, New York, 1955, 
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Kistiakowsky, Ruhoff, Smith, and Vaughan, J. Amer. Chem. Soc., 1935, 57, 876. 
Maccoll and Thomas, /J., 1955, 979; Agius and Maccoll, J., 1955, 973. 
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and no allowance for it was necessary. At temperatures of 370—520° then, it may be safely 
neglected. Above 450° the proportion of uncatalysed reaction becomes significant. At these 
temperatures its rate was measured over various times by the increase in pressure; on the 
assumption that it follows the first-order relationship, which is not strictly true, a rate constant 
was found and an appropriate correction made to the total rate to obtain the rate constant of 
the catalysed reaction. These corrections were ca. 40, 20, 20, 10, 6, 5, and 5% of the uncatalysed 
rates at 520°, 500°, 480°, 468°, 459°, 450°, and 440° respectively. These figures are not definite 
because the rate varies with the amount of hydrogen bromide present. The magnitude of this 
correction at 520°, and the general irreproducibility of the uncatalysed reaction, made it unprofit- 
able to study the catalysed reaction at temperatures above 520°. The values of £,/Pyp, varied 
over ca. 10% but were consistent within this rather large error; for instance, at 440° with about 
20 different pot coatings, 52 runs gave a mean value of 15-0 + 0-5 sec.! mm.~! for the rate con- 
stant. Our results are summarised in Tables 1—6. 


TABLE 1. Variation of rate at 480° with pressure of hydrogen bromide. 


Pusr Prrou 10° * 10°; /Pusr Pupr Peron 10° * 10°k,/Pupr 
(mm.) (mm.) (sec.~*) (sec.-? mm.~) (mm.) (mm.) (sec.~*) (sec.-? mm.~) 
75 197 43 42 131 239 73 47 
99 148 58 46 151 163 82 46 
100 234 55 43 — 175 12 --- 


* k is the observed rate constant; , has been corrected for the uncatalysed reaction. 


TABLE.2. Variation of rate with temperature. 


10°, /Pupr k,/Pusr 107k, /Pusr k,/Pusr 
No. of (sec.-* (sec.-! c.c. No. of (sec.~} (sec.~ c.c. 
Temp. runs mm.) mole) Temp. runs mm.~) mole) 
520-0° 4 122 600 440-2° 52 15-0 67 
500-0 8 85 410 425-0 5 9-1 40 
480-0 5 45 211 410-2 3 5-8 24-8 
468-1 22 36 166 400-0 5 3-7 15-7 
459-9 5 31-3 143 385-0 4 2-42 9-9 
449-8 5 21-0 95 369-6 2 1-22 49 
TABLE 3. Rates with cyclohexene at 440°. 

Petie Pusr Pron 1052,* 107R,/Pupr Pest Pusr Pron 10°h,* 107k,/pupe 
(mm.) (mm.) (mm.)_ (sec.-') (sec.-' mm.~) (mm.) (mm.) (mm.)_ (sec.~) (sec.-' mm.~) 

25 176 196 24-3 13-8 176 133 118 21-3 16-0 

40 206 134 32-1 15-6 231 125 109 21-8 17-4 

89 225 141 37-2 16-5 250 120 207 17-5 14-6 
116 163 197 22-8 14-0 282 60 139 9-2 15-3 
160 220 104 36-3 16-5 Mean 15:5 + 1 


* k, is corrected for the uncatalysed reaction. 


TABLE 4. Rates with propene. 


t Pests Pusr Perron 10°R,* 107k, /pusr Pon, Pusr Peron 10°%,* 10°h,/Pusr 
Temp. (mm.) (mm.) (mm.) (sec.~!) (sec.'mm.~!) Temp. (mm.) (mm.) (mm.) (sec. ~) (sec.-? mm.") 


490° 154 142 ~=180 97 68 500° 206 144 132 145 101 
500 264 99 284 83 84 500 155135 125 127 94 
500 260 186 = 212 175 94 


* k, is corrected for the uncatalysed reaction. 


TABLE 5. Rates of dehydration catalysed by hydrogen chloride at 440°. 


Pra Prrou 10° * 10°k,/Pucr Puc Prrou 10° * 10°, /Paci 
(mm.) (mm.) (sec.-!) « (sec.-+ mm.“) (mm.) (mm.) (sec.“) (sec.-? mm.~!) 
178 119 2-4 0-7 285 134 3-1 0-7 

207 163 2-2 0-5 346 189 3-3 0-6 

234 314 2-3 0-5 — 192 1-2 — 

283 277 2-9 0-6 


* k is the observed rate constant; &, has been corrected for the uncatalysed reaction. 
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TABLE 6. Rates in a packed vessel of S|[V = 7-7 cm.". 


pusr Pron 10°, 10°k,/pupr Pusr pron 10°; 10°k,/pyp, 
Temp. (mm.) (mm.)  (sec.~') (sec.' mm.) Temp. (mm.) (mm.)  (sec.-') (sec.-? mm.) 
440-2° 144 163 23-0 16-0 400-0° 73 246 3-0 41 
152 177 23-0 15-1 129 255 5-2 4-0 
156 245 25-8 16-5 140 193 6-7 4:8 
203 223 33-0 16-2 229 173 9-5 41 
204 250 37-2 18-2 253 224 9-7 3:8 
Mean 16-4 280 149 11-0 3-9 
Mean 4-1 


kh, for 440-2° is corrected for the uncatalysed reaction. 


Inhibitors —Cyclohexene decomposes at temperatures above 450° under our conditions; 
hence its use as an inhibitor is restricted to temperatures below this value. Propene is not such 
an effective inhibitor ® in this type of reaction, and with two other components present it is 
difficult to introduce a completely effective amount (probably >200 mm.). Ingold and 
Stubbs © have shown that polymerisation and pyrolysis of propene occur at temperatures 
above 500° and 570° respectively; however, it was found to be suitable for use with our 
conditions. No change in pressure was observed and no permanent gas was produced when 
propene (243 mm.) was left in the reaction vessel for 20 min. at 500°. When it was then passed 
through the gas-chromatography column, only one peak was obtained, and this corresponded 
to propene. It was therefore used as an inhibitor at 490° and 500°. At 490° the uninhibited 
rate, calculated from the Arrhenius equation, is 65 x 107 sec. mm. and at 500° it is 85 x 107 
sec.! mm."! (measured). Propene, in the amounts added (up to 264 mm.), caused no reduction 
in rate (cf. Table 4). 

Homogeneity of the Reaction.—At 440° and 400° runs were carried out in a vessel packed with 
concentric glass tubes at ca. 3 mm. spacings and having a surface : volume ratio 7-7 cm.*}, i.z., 
8 times that for the unpacked vessel. Several pot coatings were used. The value of p;/p, was 
found to be 1-87. The rates (cf. Table 6) are less consistent and slightly higher (ca. 10%) than 
those found in the unpacked vessel, but the difference is not significant. 

Products.—Isopropyl alcohol (246 mm., 71-2 mg.; 198 mm., 57-3 mg.) reacted to completion 
(p;/Po = 1-86) with hydrogen bromide (152, 148 mm.) at 468°, when 12% of the reaction was 
uncatalysed. About 96% of the products were expanded directly into an evacuated 5-l. bulb 
containing magnesium perchlorate to absorb the water produced. ‘The residual propene and 
hydrogen bromide were pumped into a tap-vessel and weighed (Found: 104, 97 mg. Theor.: 
109, 98 mg.). 

Isopropyl alcohol (190 mm., 55-0 mg.; 187 mm., 54-2 mg.) reacted to completion (p;/p, = 
1-83, 1-85) with hydrogen bromide (63, 129 mm.) at 468°, 25% and 12% of the reaction, 
respectively, being uncatalysed. The products were treated as above except that both 
magnesium perchlorate and calcium hydroxide were used to absorb water and hydrogen 
bromide, respectively. The residual propene was pumped into a tap-vessel and weighed 
(Found: 34,41 mg. Theor.: 39, 38 mg.) 

Isopropyl alcohol (265 mm., 76-7 mg.) and hydrogen bromide 226 mm.) reacted to com- 
pletion (p;/p, = 1-86) at 468°; 10% of the reaction was uncatalysed. The products were 
trapped and swept with dry nitrogen at —40°. Water in the residue, which contained some 
dissolved hydrogen bromide, was estimated from the microanalysis (Found: 25 mg. Theor.: 
23 mg.). 

Propene (338, 236 mm.) was left in the pot for 40 and 300 min. at 480° and 440°, respectively, 
the average half-lives for the reaction being 20 and 50 min., respectively. These samples 
showed only one peak when chromatographed, and this is consistent with the findings of Hurd 
and Meinert and of Ingold and Stubbs ” that the decomposit‘on of propene commences 
at 575—600°. Isopropyl alcohol (379, 384 mm.) reacted to completion with hydrogen bromide 
(108, 106 mm.) at 468° and 440°, 20% and 8% of the reaction, respectively, being uncatalysed. 
The products were expanded directly into a 5 1. bulb containing magnesium perchlorate and 
calcium hydroxide. After some time the residual gas was chromatographed. A major peak 


* Maccoll and Thomas, J., 1957, 5033. 
1@ Ingold and Stubbs, J., 1951, 1749. 
11 Hurd and Meinert, /. Amer. Chem. Soc., 1930, 52, 4978. 
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corresponding to propene was found, with ca. 10% and 5%, respectively, of additional peaks 
in the C, and C, region, which presumably arise from the uncatalysed reaction. ‘ 

After 25 min. at 500° (30% reaction), the products of the uncatalysed decomposition of 
isopropyl alcohol (340 mm.) were trapped and acetone was estimated ! as the 2,4-dinitro- 
phenylhydrazone (yield: ca. 0-2 mol.). In an identical reaction, but with the alcohol at 117 
mm., the products were trapped and distilled from —80° to —190°. These volatile materials 
were passed through the gas-chromatography column (Found: propene, ca. 75; propane, 
ca. 20; C, hydrocarbons, ca. 5%). 

Vapour-phase Chromatography.—The column consisted of 10 feet of 5-mm. diam. 30% (w/w) 
acetonylacetone on Celite 545. Nitrogen flow-rates of ca. 3 1./hr. at room temperature were 
used. The column had an efficiency of ca. 1600 plates and completely separated propane and 
propene, for which typical retention times were 167 and 196 sec., respectively. 

Catalysis by Hydrogen Chloride—Attempts to observe a similar reaction catalysed by 
hydrogen chloride, as was found for t-butyl alcohol, were made at 440°. Pressures up to 350 
mm. of hydrogen chloride were used but even then the proportion of uncatalysed reaction was 
ca. 50%. The value obtained for 107k/pyq (sec.-1 mm.~}), viz., 0-6 (6 runs), is probably accurate 
to about 20%. In view of the difficulties involved, no control runs or determinations of the 
products were made. However, it can be inferred that a reaction with hydrogen chloride does 
occur. Itis probably analogous to that with hydrogen bromide and slower by a factor of ca. 25. 

Catalysed Decomposition of Ethanol.—A possible catalysed pyrolysis of ethanol was 
investigated briefly. At 472°, where the uncatalysed reaction was slow, hydrogen bromide 
substantially increased the rate of decomposition, as measured by the change in pressure. The 
rate constant of the uncatalysed reaction was 20—50% of that for the catalysed reaction, whose 
rate constant was roughly proportional to the pressure of hydrogen bromide for pgp, = 72— 
267 mm. A value of 107k,/pyp, = 2-0 + 0-4 sec.1 mm. (13 runs) was found; this rate is ca. 
1/20 that for isopropyl alcohol. Owing to the large proportion of uncatalysed reaction and 
the slowness of the catalysed reaction, no other measurements were made for ethanol. 


RESULTS AND DISCUSSION 


The gas-phase decomposition of isopropyl alcohol, catalysed by hydrogen bromide, 
occurs at measurable rates in the temperature range 369—520°. The reaction is 
stoicheiometrically 

iso-C,H,OH + HBr —» C,H, + H,O + HBr 


and is of first order in both isopropyl alcohol and hydrogen bromide, ¢.g., first-order rate 
constants are proportional to the pressure of hydrogen bromide for initial pressures of 
56—373 mm. of the alcohol and 43—355 mm. of hydrogen bromide at 440°. At 420° the 
reaction is slower than that of t-butyl alcohol and hydrogen bromide by a factor of ca. 60. 
The Arrhenius equation k, = 10!- exp (—33,200/RT) sec. c.c. mole? describes the 
variation of rate with temperature. The activation energy, 33-2 kcal./mole, is slightly 
higher than that found for t-butyl alcohol and hydrogen bromide, viz., 30-4 kcal./mole. 

Chains, carried on by free radicals, are not involved in the reaction since addition of 
cyclohexene (25—-280 mm.) at 440°, where the catalysed reaction is ca. 95% of the total 
reaction, does not change the rate significantly, and at 500°, propene, produced in the 
reaction or introduced at the beginning, does not affect the rate. The reaction is homo- 
geneous, since no significant increase in rate is observed when it takes place in a vessel 
with surface : volume ratio 8 times that of the unpacked vessel. 

Apparently similar reactions occur with isopropyl alcohol and hydrogen chloride 
(>440°) and with ethanol and hydrogen bromide (>470°). Experimental difficulties 
have prevented their complete investigation. 

The catalyses of the dehydrations of t-butanol by both hydrogen bromide (315—422°) 
and hydrogen chloride (328—454°) occur at temperatures well below those for the 
uncatalysed decomposition (>500°) and can be fully studied (Parts I and II). However, 
for isopropyl alcohol, a small amount of uncatalysed decomposition occurs in the same 

1 Siggia, ‘‘ Quantitative Organic Analysis,” Wiley, New York, 1954, p. 31. 
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temperature range (>450°) as that for catalysis by hydrogen bromide (370—520°). Even 
so, evidence that a slower and probably similar reaction takes place with hydrogen chloride 
was obtained. For ethanol the catalysed decompositions are evidently slower still, and 
catalysis by hydrogen bromide in this case does not take place at measurable rates below 
470°, where uncatalysed decomposition is also occurring at a comparable speed. A rough 
value for the comparative rates of catalysis by hydrogen bromide is: 


t-butyl : isopropyl : ethyl alcohol = 1:2 x 10%:1 x 10°. 


The authors thank Dr. Allan Maccoll for his interest in this work, The Chemical Society 
and I.C.I.A.N.Z. for grants for equipment, and Mr. E. J. Watson for the gas-chromatography 
results. 
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618. Reaction of Some Chromens and Naphthopyrans with 
Bromine. Part I. 


By R. LivincstonE, D. MILLER, and (Miss) S. Morris. 


The action of bromine on 2,2-dimethylchromens and 6,6-dimethylnaphtho- 
pyrans resulted in addition or substitution products, depending on the 
conditions. Treatment of the addition products with dilute methanolic 
hydrogen chloride resulted in replacement of the bromine atom attached to 
the carbon atom adjacent to the gem-dimethyl group by a methoxyl group. 


TREATING 2,2-dimethylchromen ! (I) in chloroform or carbon disulphide with bromine 
gives, first, 3,4-dibromo- (II) and then 3,4,6-tribromo-2,2-dimethylchroman (III). The 
3-bromine atom in each of these products is reactive, for treatment with methanolic 
hydrogen chloride affords 4-bromo- (VIII) and 4,6-dibromo-3-methoxy-2,2-dimethyl- 
chroman (V) respectively, the former of which is also obtained by methylating the bromo- 
hydrin (VII) that is formed on reaction of the chromen (I) with hypobromous acid. 
4-Bromo-3-methoxy-2,2-dimethylchroman with boiling acetic acid yields 4-bromo-2-di- 
methylchromen (IX). Moreover, the dibromo-derivative (II) with an equimolar amount 
of boiling aqueous potassium hydroxide gave the bromohydrin (VII). 





CO}H 

S 
CO. ny Ci. Ses 
e 
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(V1) (VII) (VIII) (IX) (X) 


The tribromo-compound (III) was also obtained by addition of bromine to 6-bromo- 
2,2-dimethylchromen (IV) (obtained? by reaction of methylmagnesium iodide with 6- 
bromocoumarin). 

Somewhat similar results were obtained with 6,6-dimethylnaphtho(2’,1’:2,3)pyran® 

1 Shriner and Sharp, J. Org. Chem., 1939, 4, 575. 


? Pandya and Pandya, Proc. Indian Acad. Sci., 1943, 18, A, 164. 
3 Livingstone, Miller, and Watson, /., 1958, 2422, 
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(XII). With bromine in carbon disulphide it gave the addition product (XIII), but in 
chloroform the substitution product (XVII) was formed. The dibromo-prodict (XIII) 
with methanolic hydrogen chloride gave the 4-bromo-5-methoxy-derivative (XIV), which 
was also obtained by methylation of the bromohydrin (XI), prepared together with the 
ea (KIT) te other. (XVII) by the action of hypobromous acid on the parent naphtho- 

yran (XII) in ether. Pyrolysis of 4,5-dibromo- or 4-bromo-4 Perio NA mmemE, 6- 
methyinaphtho(2’, 1’:2,3)pyran gave 4-bromo-6,6-dimethylnaphtho(2’,1’:2 3)pyran (XII). 

The monobromo-derivatives (IX) and (XVII) with potassium permanganate in acetone 
gave acids (X) and (XVJ), identical with those afforded by oxidation of 2,2-dimethylchromen 
(I) and 6,6-dimethylnaphtho(2’,1’:2,3)pyran (XII), respectively, indicating absence of 
substitution in the aromatic nucleus. Hydrogenation of these monobromo-derivatives 
over platinum gave the bromine-free 2,2-dimethylchroman and the dihydronaphthopyran 
(XVIII) respectively, ruling out the possibility of molecular rearrangement during their 
formation from the dibromo-compounds (II) and (XIII). 

The compounds described were inter-related and their structures proved partly by the 
above reactions and in addition as follows. The bromohydrins (VII) and (XI) were 
reduced by sodium amalgam in ethanol to the corresponding hydroxy-derivatives (VI) 
and (XV), different from the hydroxy-compounds (XIX) and which were obtained by 
reduction of the respective chromanones 4 with lithium aluminium hydride. 


v 





XVI) (XVITI) 


Attempts to isolate 4,6-dibromo-2,2-dimethylchroman-3-ol, the dibromo-analogue of 
(VI), after treatment of the tribromo-derivative (III) with aqueous potassium hydroxide 
were unsuccessful. Asa result it was not possible to obtain 6-bromo-2,2-dimethylchroman- 
3-ol and thus ascertain the position of the methoxy-group in 4,6-dibromo-3-methoxy-2,2- 
dimethylchroman (V); this is, however, assumed by analogy with the methoxy-compounds 
(VIII) and (XIV). 

6-Bromo-2,2-dimethylchroman-4-one (XXII) was obtained by extension of the method 


1°) 


& Br Br 
‘ O-CO-CH: CMe, “ Me, 


(XIX) (XX) HO (X XI) (XXII) 


of Cavill e¢ al.5 for preparation of substituted chromanones, namely, by esterification of 
p-bromophenol with 3-methylbut-2-enoyl chloride, Fries rearrangement of the product 
(XXI), and ring closure in the absence of a solvent. 

The reactivity of the bromine atom attached to the carbon atom adjacent to the 


‘ Baker, Floyd, McOmie, Pope, Weaving, and Wild, J., 1956, 2015. 
* Cavill, Dean, McGookin, Marshall, and Robertson, /., 1954, 4173. 
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gem-dimethyl group is surprising when compared with the relative inactivity of the other 
bromine atoms contained in the above-mentioned di- and tri-bromo-derivatives. 


EXPERIMENTAL 

Bromination of Chromen and Pyrans.—Bromine (0-1 mole) in chloroform (50 c.c.) was added 
at —15° to the chromen or pyran (0-1 mole) dissolved in chloroform (70 c.c.). The solvent was 
removed immediately at <50° and the product recrystallised from light petroleum (b. p. 49— 
60°). The following were thus obtained. 

3,4-Dibromo-2,2-dimethylchroman (II) (from 2,2-dimethylchromen), m. p. 81—82° (82%) 
(Found: C, 41-8; H, 4-1; Br, 50-7. C,,H,,OBr, requires C, 41-3; H, 3-8; Br, 50-0%). 

4-Bromo-6,6-dimethylnaphtho(2’,1’:2,3)pyran (XVII) (bromination mixture in chloroform 
set aside for 3 days), m. p. 81—82° (31%) (Found: C, 62-6; H, 4-4; Br, 26-2. C,;H,,0Br 
requires C, 62-3; H, 4-5; Br, 27-6%). 

4,5-Dibromo-4,5-dihydro-6,6-dimethylnaphtho(2’,1’:2,3)pyran (XIII) (bromination mixture in 
carbon disulphide set aside overnight at — 15°), m. p. 97—98° (43%) (Found: C, 48-6; H, 3-9; 
Br, 43-9. C,;H,,OBr, requires C, 48-65; H, 3-8; Br, 44-05%). 

For the preparation of 3,4,6-tribromo-2,2-dimethylchroman (III) from 3,4-dibromo-2,2-di- 
methylchroman or 2,2-dimethylchromen, the mixture containing 1 or 2 mol. respectively of 
bromine was set aside overnight, then washed with sodium hydrogen sulphite solution and 
water, and dried (Na,SO,)._ Removal of solvent and recrystallisation gave material (14—17%) 
of m. p. 60° (Found: C, 33-2; H, 2-8; Br, 60-7. C,,H,,OBr, requires C, 33-1; H, 2-8; Br, 
60-15%). 

Action of Bromine Water on 6,6-Dimethylnaphtho(2’,1’:2,3)pyran.—6,6-Dimethylnaphtho- 
(2’,1’:2,3)pyran (2-3 g.) was treated in ether (40 c.c.) with saturated bromine water (60 c.c.) and 
water (60c.c.). After } hr., the ether layer was separated, washed with dilute sodium hydroxide 
solution and water, and dried (Na,SO,). Removal of the solvent gave a yellow gum (3:3 g.) 
which on crystallisation from light petroleum (b. p. 80—100°) yielded 4-bromo-4,5-dihydro-6,6- 
dimethylnaphtho(2’,1’:2,3)pyran-5-ol as needles, m. p. 140° (1-0 g., 30%) (Found: C, 58-2; H, 
5-1; Br, 26-3. C,,H,,O,Br requires C, 58-7; H, 4-9; Br, 26-1%). 

A second crop of crystals was obtained (m. p. 76—78°; 0-6 g., 20%); when recrystallised 
from methanol, it was 4-bromo-6,6-dimethylnaphtho(2’,1’,2,3)pyran, m. p. and mixed m. p. 
80—81°. 

Formation of Methoxy-compounds.—The dibromo- or the bromo-hydroxy-derivative (0-1 
mole) was boiled with methanol (230 c.c.) and methanolic hydrogen chloride (saturated in the 
cold) (70 c.c.) for 3 hr. The product was isolated with ether, and recrystallised, to give the 
following compounds: 

4-Bromo-3-methoxy-2,2-dimethylchroman (VIII) (from 3,4-dibromo- or 4-bromo-3-hydroxy- 
2,2-dimethylchroman), m. p. 74° (44%) [from light petroleum (b. p. 40—60°)] (Found: C, 53-2; 
H, 5-6; Br, 30-1; OMe, 10-4. C,,H,,0,Br requires C, 53-1; H, 5-5; Br, 29-5; OMe, 11-4%). 

4,6-Dibromo-3-methoxy-2,2-dimethylchroman (V) (from 3,4,6-tribromo-2,2-dimethylchroman), 
m. p. 54° (88%) [from light petroleum (b. p. 40—60°)] (Found: C, 41-7; H, 3-8; Br, 45-6. 
C,,H,,0,Br, requires C, 41-2; H, 4:0; Br, 45-6%). 

4-Bromo-4,5-dihydro-5-methoxy-6,6-dimethylnaphtho(2’,1’:2,3)pyran (XIV) [from 4,5-dibromo- 
4,5-dihydro- or 4-bromo-4,5-dihydro-6,6-dimethylnaphtho(2’,1’:2,3)pyran-5-ol; solution boiled 
for } hr.; solid separated on cooling], needles, m. p. 112—113° (67%) (from methanol) (Found: 
C, 59-5; H, 5-4; Br, 25-2; OMe, 10-2. C,,H,,O,Br requires C, 59-8; H, 5-3; Br, 24-9; OMe, 
9-65%). 

Preparation of Bromo-hydroxy-derivatives—The chroman or naphthopyran(0-01 mole) was 
treated in ether (60 c.c.) with aqueous hypobromous acid (120 c.c.) [prepared by the action of 
mercuric oxide on saturated bromine water (60 c.c.) and water (60 c.c.)]. After $ hr., the ether 
layer was separated, washed with dilute sodium hydroxide solution and water, and dried 
(Na,SO,). Removal of the solvent followed by crystallisation gave the following derivatives: 

4-Bromo-2,2-dimethylchroman-3-ol (VII) (from 2,2-dimethylchroman), m. p. 106° (17%) 
[from light petroleum (b. p. 40—60°)] (Found: C, 52-0; H, 5-4; Br, 32-4. C,,H,,0,Br requires 
C, 51-4; H, 5-1; Br, 31-1%). 

4-Bromo-4,5-dihydro-6,6-dimethylnaphtho(2’,1’:2,3)pyran-5-ol (XI) [from 6,6-dimethyl- 
naphtho(2’,1’:2,3)pyran], needles, m. p. 139—140° (78%) [from light petroleum (b. p. 80— 
100°)) 
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4-Bromo-2,2-dimethylchroman-3-ol (VII).—3,4-Dibromo-2,2-dimethylchroman (0-1 mole) 
was boiled with potassium hydroxide (0-1 mole) and water (360 c.c.) forl}hr. A solid separated 
on cooling, which on recrystallisation from light petroleum (b. p. 60—80°) gave 4-bromo-2,2-di- 
methylchroman-3-ol, m. p. 106° (44%). 

4-Bromo-6,6-dimethylnaphtho(2’,1’:2,3)pyran.—(a) _ 4,5-Dibromo-4,5-dihydro-6,6-dimethy]l- 
naphtho(2’1’:2,3)pyran (0-24 g.) was heated for 3 min. at 110° until evolution of hydrogen 
promide ceased and then at 150° for 5 min. Crystallisation from ethanol gave 4-bromo-6,6-di- 
methylnaphtho(2’,1’:2,3)pyran as needles, m. p. and mixed m. p. 81—82° (0-1 g., 53%). 

(b) 4-Bromo-4,5-dihydro-5-methoxy-6,6-dimethylnaphtho(2’,1’:2,3)pyran (1 g.) was heated 
at 190° for 5 min. On cooling, a brown gum was obtained which on crystallisation from 
ethanol gave the preceding product, m. p. and mixed m. p. 81—82° (0-58 g., 64%). 

4-Bromo-2,2-dimethylchromen.—4-Bromo-3-methoxy-2,2-dimethylchroman (0-96 g.) was 
poiled in glacial acetic acid (10 c.c.) for 3} hr. Isolation with ether followed by distillation gave 
4-bromo-2,2-dimethylchromen, b. p. 86°/6 mm. (Found: C, 55-8; H, 4-8; Br, 35-5. C,,H,,OBr 
requires C, 55-2; H, 4-6; Br, 33-5%). 

Oxidation of Chromens, Naphthopyrans, and Bromo-derivatives.—The compound (0-01 mole), 
powdered potassium permanganate (0-05 mole), and acetone (50 c.c.) were refluxed for 6 hr., 
then cooled, and the mixture was filtered. The residue was suspended in water (100 c.c.), 
acidified with dilute sulphuric acid, and treated with sulphur dioxide until the manganese 
dioxide had dissolved. Isolation with ether followed by crystallisation from benzene gave 
o-(1-carboxy-1-methylethoxy) benzoic acid (X) (from 2,2-dimethylchromen or 4-bromo-2,2-dimethyl- 
chromen), needles, m. p. 116—117° (62%) (Found: C, 58-6; H, 5-3. (C,,H,,O,; requires C, 
58-9; H, 5-4%), and 2-(1-carboxy-1-methylethoxy)-1-naphthoic acid (XV1) [from 6,6-dimethyl- or 
4-bromo-6,6-dimethyl-naphtho(2’,1’:2,3)pyran], plates, m. p. 118° (65%) (Found: C, 66-0; H, 
54. C,;H,,O,; requires C, 65-7; H, 5-1%). 

6-Bromo-2,2-dimethylchromen.—6-Bromocoumarin (1-32 g.) in dry benzene (20 c.c.) was 
added during 4 hr. to a stirred solution from methyl] iodide (2 c.c.), magnesium (0-8 g.), and 
ether (15 c.c.). The solution was refluxed for 14 hr. and set aside overnight. Decomposition 
with 22% ammonium chloride solution and extraction with ether gave an ethereal solution, 
which was washed with water and dried (Na,SO,). Removal of the solvent left a gum which 
was boiled with glacial acetic acid (15 c.c.) for 4 hr. Cooling the solution and pouring it into 
water, isolation of the product with ether, and distillation gave 6-bromo-2,2-dimethylchromen 
(0-24 g.), b. p. 116°/5 mm. (Found: C, 55-8; H, 4-8; Br, 35-5. C,,H,,OBr requires C, 55-2; 
H, 4:6; Br, 33-5%). With bromine (as above) this gave 3,4,6-tribromo-2,2-dimethylchroman, 
m. p. and mixed m. p. 60° (0-30 g., 77%). 

p-Bromophenyl 3-Methylbut-2-enoate (XXI).—p-Bromophenol (10 g.), 3-methylbut-2-enoyl 
chloride (6-9 g.), and magnesium (1-5 g.) were refluxed in benzene (50 c.c.) for 2 hr., yielding the 
ester, b. p. 123—127°/1 mm., m. p. 25—26° (10-07 g., 77%) (Found: C, 52-0; H, 4-4; Br, 
31-1. C,,H,,O,Br requires C, 51-8; H, 4-3; Br, 31-4%). 

6-Bromo-2,2-dimethylchroman-4-one.—The ester (XXI) (2-05 g.) and aluminium chloride 
(20 g.) were heated at 90° for 2 hr. and on decomposition with 2N-hydrochloric acid and extrac- 
tion with ether gave a solid (0-94 g.). Recrystallisation from light petroleum (b. p. 60—80°) 
gave 6-bromo-2,2-dimethylchroman-4-one as needles, m. p. 105—106° (0-3 g.) (Found: C, 52-0; 
H, 4-4; Br, 31-3. C,,H,,O,Br requires C, 51-8; H, 4-3; Br, 31-4%). 

Reduction of Chromanones.—The chromanone (0-2 g.) in ether (10 c.c.) was slowly added to 
an excess of lithium aluminium hydride in ether. The solution was refluxed for 2 hr. After 
decomposition, the product was isolated with ether, and crystallised from light petroleum 
(b. p. 40—60°). 

This procedure affordetl 2,2-dimethylchroman-4-ol (XIX) (from 2,2-dimethylchroman-4- 
one‘), m. p. 42—43° [acetate, m. p. 74—75° (Found: C, 71-2; H, 7-4. C,3H,,O,; requires C, 
70-9; H, 7-°3%)], and 4,5-dihydro-6,6-dimethylnaphtho(2’,1’:2,3)pyran-4-ol (XXI1) (from 2,2-di- 
methyl-5,6-benzochroman-4-one), m. p. 120—121° (Found: C, 79-2; H, 7-1. C,,;H,,0, requires 
C, 78-95; H, 7-0%). 

2,2-Dimethylchroman-3-ol ‘and  4,5-Dihydro-6,6-dimethylnaphtho(2’,1’:2,3)pyran-5-ol.—4- 
Bromo-2,2-dimethylchroman-3-ol or 4-bromo-4,5-dihydro-6,6-dimethylnaphtho(2’, l’ :2,3)pyran- 
5-ol (0-5 g.) was dissolved in ethanol (10 c.c.) and treated in the cold with 3% sodium amalgam 
(8 g.) during 2 hr. The mixture was set aside for 3 hr. and the product isolated with ether. 
Removal of the solvent followed by crystallisation from light petroleum (b. p. 40—60°) gave 





3098 Horscroft and Hinshelwood: Influence of Structure on the 


2,2-dimethylchroman-3-ol [acetate, m. p. 55—56° (Found: C, 71-0; H, 7:2. C,3H,,0, requires 
C, 70-9; H, 7-3%)], and 4,5-dihydro-6,6-dimethylnaphtho(2’,1’:2,3)pyran-5-ol, m. p. 116—117° 
(50%) (mixed m. p. with the 4-hydroxy-compound 89—95°) (Found: C, 79-0; H, 74, 
C,5H,,O, requires C, 78-95; H, 7-0%) [acetate, needles, m. p. 113—114° (Found: C, 75-65; 
H, 6-7. C,,H,,0, requires C, 75-55; H, 6-7%)]. 

2,2-Dimethylchroman.1—4-Bromo-2,2-dimethylchromen (1-53 g.), platinic oxide (0-08 g), 
and methanol (20 c.c.) were shaken in hydrogen until absorption (2 mol.) was complete, 
Filtration, evaporation, and distillation gave 2,2-dimethylchroman, b. p. 84—85°/3-5 mm., 
n,** 1-5204 (Shriner and Sharp give b. p. 67-5—68°/2 mm., n,*° 1-5264). 

4,5-Dihydro-6,6-dimethylnaphtho(2’,1’:2,3)pyran.—(a) 6,6-Dimethylnaphtho(2’, 1’:2,3)pyran 
(0-32 g.), platinic oxide (0-04 g.), and methanol (40 c.c.) were shaken in hydrogen until absorp. 
tion (1 mol.) was complete. Filtration, evaporation, and recrystallisation from methanol gave 
the dihydro-derivative (0-18 g.) as plates, m. p. 78° (Found: C, 84-3; H, 7-55. C,,;H,,O requires 
C, 84-9; H, 7-5%). 

(b) 4-Bromo-6,6-dimethylnaphtho(2’,1’:2,3)pyran (0-5 g.), platinic oxide (0-13 g.), and 
methanol (70 c.c.) were shaken in hydrogen until absorption (2 mol.) was complete. The 
product (0-18 g.) was as in experiment (a) (m. p. and mixed m. p. 78°). 


Two of the authors (D. M. and S. M.) thank Burnley and Huddersfield Education Authorities 
for financial assistance. 
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619. Influence of Structure on the Rate of Oxidation of Gaseous 
Cycloalkanes. 


By R. C. Horscrort and Sir Cyrit HINSHELWOOD. 


As in the paraffin series the rate of oxidation of gaseous cycloalkanes, in 
the region where the low temperature mechanism operates, increases rapidly 
with the number of carbon atoms in the molecule, and, for a given total 
number of carbon atoms, is markedly reduced by methyl-substitution. 


THE rate of oxidation in the gas phase of open-chain paraffins is known to depend in a 
most marked manner on the structure.! There has been less work on the slow combustion 
of cycloalkanes, though cyclopropane and cyclopentane have been studied in some detail 
by Tipper and others.2 The oxidation of a series of cycloalkanes and methyl cyclo- 
alkanes, with special reference to structural effects, has therefore been investigated. Since 
the open-chain paraffins were compared in the so-called low-temperature region, the 
present work has been concerned with temperatures as near as possible to those used in 
the earlier comparisons. 


EXPERIMENTAL 


A conventional manometric apparatus was employed, the silica reaction vessel being 10 cm. 
long and 6 cm. in diameter. The criterion of ease of oxidation was the maximum rate of 
pressure increase, the validity of this having been established by mass-spectrometric analysis 
which showed that pressure changes were proportional to the consumption of the primary 
reactants.® 

Commercial oxygen was passed through a liquid-air trap and drying-tube before use. 1,4 
Dimethylcyclohexane and 1,3,5-trimethylcyclohexane were prepared by hydrogenation of 
p-xylene and mesitylene respectively, and cycloheptane by reduction of cycloheptanone. 
Cyclo-octane was prepared by hydrogenation of cyclo-octatetraene, its purity being established 
by its mass spectrum, b. p., f. p., and refractive index. 


1 Cullis and Hinshelwood, Discuss. Faraday Soc., 1947, 2, 117. 

* McEwan and Tipper, Proc. Roy. Soc., 1953, A, 216, 260, 266; Broatch, McEwan, and Tipper, 
Trans. Faraday Soc., 1954, 50, 576; McGowan and Tipper, Proc. Roy. Soc., 1958, A, 246, 52, 64. 

% Cf. Parsons and Danby, J., 1956, 1795. 
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KINETICS 

Some preliminary experiments were made with n-pentane and with cyclopentane in 
order to ascertain the best methods of comparison for the remainder of the series. The 
kinetics were studied at 250° and the maximum rate (emx), taken from the pressure-time 
curve of each experiment, was used as the principal reaction parameter. The induction 
period (6) was taken as the time between the admission of reactants and the attainment 
of a small arbitrary pressure increase (2-5 mm.). After this point the reaction rate rose 
rapidly to the maximum. 


When the induction periods were inconveniently long, 0-4°% of di-t-butyl peroxide was 
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added with the oxygen. It abolished the induction period while leaving the maximum 
rate unchanged. 

Four-fold and six-fold increases in the surface: volume ratio of the reaction vessel 
lengthened the induction period a little and slightly decreased the rate: higher pressures 
could be used without explosion, and sometimes with increasing reactant pressure the 
region of explosion was replaced by one of limiting rate. 

The variation of pmax, With reactant pressure is rather complex. The relations found 


for cyclopentane are shown in Figs. 1 and 2 and are expressed in a semiquantitative manner 
by the formula: 


o: - (1) 
Pmax. = ) ~ [RH][Os) ‘ ‘ s . . . ‘ 
~ af] + b[O.] 
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where a, b, and c are constants, and [RH] and [O,] are the initial pressures of hydrocarbon 
and oxygen respectively. 

This expression differs from that derived by Cullis and Hinshelwood for n-pentane, 
namely: 





c{RH][O,] 
mx. = cm a{RH] P es ata te ae eee 
[O,] + 6[RH] 


Experiments with the present apparatus and conditions showed, however, that n-pentane 
itself now gave results conforming better to eqn. (1) than to eqn. (2). 

As exemplified in Fig. 2 the detailed fit is not very good, but the single expression (1) 
is useful in so far as it summarises the general form of a quite complex behaviour, in which 
there can, according to the pressure of one reactant, be two shapes of curve to represent 
the variation of rate with the pressure of the other. 

The reason for the difference between the present results and those of Cullis and 
Hinshelwood must now be considered. In complex, branching, chain systems of this 
kind numerous factors are involved. On the one hand, self-heating may occur at high 
rates and distort the form of the curves. On the other hand, at the point of maximum 
rate there may have been enough depletion of reactant to lower the rate below the expected 
value. The one factor can cause the rate to rise rapidly to explosion when the pressure 
exceeds a critical value: the other may give an actual limiting rate to which no funda- 
mental kinetic significance can be attached. If, with the vessels used in the present 
experiments, the limiting rate found in certain circumstances as [RH] increases is 
attributed to reactant consumption, and if the explosion limit found as [O,] increases at 
high values of [RH] is attributed to non-isothermal conditions, then the expression (2) 
could still be the expression of the true kinetics, and.(1) would assume the character of a 
purely empirical expression. 

For the present purpose it is not necessary to decide this problem, since expression 
(1) is to be used simply to provide the correct criteria for the comparison of the various 
hydrocarbons. In this connexion it is important to note that the relationships between 
pressure and maximum rate for 1,1,3-trimethylcyclopentane and for cycloheptane were 
found to resemble closely those for cyclopentane. 


VARIATION OF RATE WITH STRUCTURE 


The procedure for comparison was as follows. When the initial oxygen pressure was 
100 mm., the curves giving pmax, aS a function of [RH] were nearly linear, except for cyclo- 
heptane. The relative rates of oxidation were therefore taken from the ratios of the 
slopes of these lines. With cyclopropane a temperature extrapolation had to be made, 
and with cycloheptane there was no suitable linear portion to the rate—pressure curve, so 
that a different method was used. The limiting pressures at which the cycloalkanes 
tended to explode with 110 mm. oxygen were found to be approximately in the inverse 
ratio of the relative reaction rates as determined above. This relation, illustrated in 
Table 1, was considered close enough to allow the place of cycloheptane in the rate series 
to be inferred from the limiting pressure. Cyclo-octane is anomalous in its rate of 
oxidation. The experimental reproducibility was, however, not good, so that only a 
rough value for the relative rate can be given. 

The collected results are shown in Table 2, from which it can be seen that structure 
has much the same effect in the cycloalkane series as in the open-chain series, and in 
particular that methyl-substitution lowers the rate in an analogous way. The logarithm 
of the maximum rate plotted against the number of carbon atoms in the molecule yields 
a smooth curve for the unsubstituted compounds similar to that found for the n-paraffins }8 
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TABLE 1. Rates of oxidation and limiting pressures for cycloalkanes; 250°; silica vessel. 


Limiting Relative 
Relative slope pressure values of 1/p, 
Compound Slope (cyclohexane = 1) p (mm.) (cyclohexane = 1) 
Cyclopentane ........--.0eseseeeeeeee 2-4 0-4 550 0-3 
Methylcyclopentane ............... 2-9 0-5 250 0-6 
1,1,3-Trimethylcyclopentane 4-8 0-8 190 0-8 
Cyclohexane .....--.seeeeeeeeeeeeees 6-1 1-0 160 1-0 
Methylcyclohexane ............... 11-0 1-8 73 2-2 
1,4-Dimethylcyclohexane _...... 15-0 2-5 54 3-0 
1,3,5-Trimethylcyclohexane 15-0 2-5 50 3-2 
Cycloheptane ........2sseeceeeeeeeee — -- 17 9-4 


TABLE 2. Rate and structure at 250° for cycloalkane series: relative rates 
(cyclohexane = 1). 


Cyclopropane ........sseeeeeeeeeeeeeeees 0-02 Methylcyclopentane ...............sseseeeesees 0-5 
Cyclopentane ..........sseeeeeeeeeeeeees 0-4 1,1,3-Trimethylcyclopentene ............... 0-8 
Cyclohexane —......seseeeeseeveeseeeeees 1-0 Methylcyclohexane ..........cccsesseeeeseeees 1-8 
Cycloheptane .............seseeeereeeeee 9-4 1,4-Dimethylcyclohexane ...............+++ 2-5 
Cyclo-octame —.........eseeeeeeeeeeeeees 0-6—0:8 1,3,5-Trimethylcyclohexane ...........+.+. 2-5 


(Fig. 3). The stabilising influence of the methyl group is also similar to that observed 
with the open-chain compounds. 
The rate for cyclo-octane is lower than expected. Great care was taken to establish 
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the authenticity of the material, and the result, if correct, may well be connected with an 
effect arising from the buckling of the ring. This will increase with ring size from cyclo- 
pentane and may reach a degree with cyclo-octane where the molecule, as a result of 
folding, resembles a substituted compound with a smaller ring. 

Apart from this anomalous example the addition of each successive methyl group 
causes the rate to fall by an approximately equal amount. Thus the effect is roughly 
additive. If 7 is the rate of oxidation of a cycloparaffin, r' that of one with x methyl 
groups and the same total number of carbon atoms, then, approximately, log 7’ = 
log r — 0-5x. 


This work was part of an investigation sponsored by the Fire Service Research and Training 
Trust, and the authors thank them for their generous support. 


PuysicaL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. [Received, February 3rd, 1960.) 
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620. The Effect of Some Additives on the Oxidation Rate of 
Cyclopentane. 


By R. C. Horscrort. 


A study is made of the relative efficiencies of various heterogeneous 
additives, mainly salts, in the inhibition of cyclopentane oxidation. Inhibi- 
tion occurs by destruction of peroxy-radicals, or more probably peroxide 
molecules. 


THE principal object of the present work was to investigate means of inhibiting or con- 
trolling gaseous combustion reactions. Unpublished work in this laboratory has shown 
that the characteristic slow start and accelerating development of these reactions depends 
upon the gradual accumulation of active intermediates. These are susceptible, in 
principle, to destruction, both by homogeneous additives and by surface reaction, whereby 
combustion might be suspended for a long time or even indefinitely. Homogeneous 
additions of an effective kind in the oxidation of cyclopentane have proved difficult to find. 
Small amounts of formaldehyde, acetaldehyde, propionaldehyde, benzaldehyde, or chlorine 
all reduce the induction period in some degree: di-t-butyl peroxide and bromine, even in 
amounts of less than 0-1%, completely eliminate it. Isopropyl halides, aniline, carbon 
tetrachloride, and carbon tetrafluoride have little or no effect on induction period or rate. 
The effect of nitrogen and carbon dioxide, even in large amounts, is negligible. The 
substances which accelerate the reaction are believed to do so by the production of free 
radicals through either oxidation or decomposition. 

Since satisfactory homogeneous additions have been difficult to find, the action of 
various salt and metal surfaces which are known in principle to have inhibitory effects 
has been investigated in more detail. Many of these markedly prolong the induction 
period, sometimes almost indefinitely. 

Pease and his co-workers,! oxidising propane in a flow system at temperatures between 
325° and 400°, found that coating the reaction tube with potassium chloride reduced the 
yield of peroxides almost to zero, without other effect on the reaction. Static experiments, 
on the other hand, at 270—280° with a Pyrex reaction vessel coated with potassium 
chloride showed a greatly lengthened induction period. Similar results have been obtained 
more recently by Egerton, Minkoff, and Solooja? and by Walsh * who have studied the 
effect of surfaces on the oxidation of methane at about 500°. Walsh divides the surfaces 
into three types according to their effect on the rate of oxidation, namely, (i) acidic—silicic 
acid, boric acid, phosphoric acid, germanium dioxide, (ii) salts in general and metallic 
oxides, and (iii) metals. The rates in vessels having the above types of surfaces fell in 
the order (i) > (ii) > (iii), the third type (metals) giving the slowest rate. 

The object of the present work has been to extend knowledge of the influence of these 
heterogeneous additions, to ascertain which were most effective in suppressing the oxidation 
of cyclopentane, to find their influence on the intermediates responsible for the development 
of the reactions, and to obtain clues to the mechanism of their action. 


EXPERIMENTAL 


The apparatus and methods, and the criteria of maximum rate and induction period, were 
as in the preceding paper. Cyclopentane was used as the oxidisable gas throughout. In some 
experiments reaction vessels of Pyrex glass were coated on the inside with a thick layer of a 
salt, deposited from a concentrated aqueous solution by heating and pumping. All vessels, 
whether to be used with or without a salt coating, were washed with boiling, fuming nitric acid 
and then with distilled water. Peroxides were estimated iodometrically, ferrous and molybdate 

1 Pease, Chem. Rev., 1937, 21, 279; J. Amer. Chem. Soc., 1929, 51, 1839; Pease and Munro, ibid., 
1934, 56, 2034; Pease, ibid., 1935, 57, 2296. 


* Egerton, Minkoff, and Solooja, Combustion and Flame, 1957, 1, 25. 
* Walsh, 7th Internat. Symposium on Combustion, 1958, p. 183. 
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ions being added to help the decomposition of dialkyl and alkyl hydrogen peroxides.‘ No 
attempt was made to discriminate between different types. 


Fic. 1. Influence of temperature on oxidation rate 
of cyclopentane. Fic. 2. Influence of temperature on induction 
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Fic. 3. Comparison of the effects of various salts 
on the induction period in cyclopentane oxidation. 


Fic. 4. Effect of lithium bromide and of magnes- 
ium sulphate on maximum rate of oxidation. 
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RESULTS 


Comparison of Different Additives.—The relative efficiencies of salts are very different and 
vary with temperature. The temperature coefficient of the cyclopentane oxidation rate in an 
uncoated silica vessel is of the form shown in Fig. 1. The reciprocal induction period, however, 
plotted in a similar way to the maximum rate, shows no anomalous behaviour (Fig. 2). 

The effect of temperature on the length of the induction period in vessels coated with 


* Ubbelohde and Egerton, Phil. Trans. Roy. Soc., 1935, A, 284, 487. 
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different salts is shown in Fig. 3. To include all the experimental points would cause confusion, 
so that two typical sets only are given. 

It was found that for at least two salts, lithium bromide and lithium chloride, a few grams 
lying in the bottom of a Pyrex vessel had the same inhibiting effect as a coating over the whole 


Fic. 6. Effect of different salt coatings on peroxide 
formation at 400°. 
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magnesium sulphate on the induction 
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Fic. 7. Effect of potassium fluoride coatings 
on peroxide formation at 250°. 
A, KF coating: cyclopentane, 350 mm.; oxygen, 
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interior. This, however, does not apply only to salts, since silver wire, platinum wire, and gold 
foil also showed inhibitory actions. The surface areas of the salts were unknown, but the 
silver wire had an area of 89 cm.?, the platinum wire 65 cm.?, and the gold foil 90 cm.?. 
Attempts were made to measure the rate in salt-coated vessels at 250°, with di-t-butyl 
peroxide added as an initiator. Only a few of the less efficient salts gave rates which could be 
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measured at all, and with these the rates generally fell as the salt became more effective in 
lengthening the induction period, though there was no exact relation. 

Despite their great effect on rate and induction period, the salts do not seem to affect greatly 
the general form of the kinetics, where this can be determined at all. 

The complexity of the temperature effect is illustrated in Figs. 4 and 5, for lithium bromide 
and magnesium sulphate. The former has a very marked influence on the rate in the cool 
flame region and a much smaller one at higher temperatures. Magnesium sulphate, on the other 
hand, exerts its effect over the whole accessible range. Evidently no measurable reaction 
could be expected at 250° with either of these salts, and none is found. 

Peroxide Formation.—Peroxides are formed during the oxidation, the maximum concen- 
tration occurring at the time of maximum rate, and some results are shown in Figs. 6 and 7. 
At the lower temperature only the less efficient salts can be used, since others would permit no 
measurable reaction. Potassium fluoride, however, proved suitable for use at both temperatures. 

Figs. 6 and 7 show that the salt coatings considerably reduce the peroxide concentrations. 
At 400°, however, the effect on the rate of reaction, p»,,, is not reduced in anything like the 
same proportion. This fact suggests strongly that in the high-temperature region the 
peroxides do not play an essential part in the propagation of the reaction. 

At the lower temperature the peroxide concentration is also appreciably reduced by the 
salt, but, in contrast with the higher temperature, the rate is now reduced correspondingly. 

In a Pyrex vessel at 250° the maximum peroxide pressure reached with 110 mm. of oxygen 
was about 0-8 whether the hydrocarbon pressure was 350, 250, or 150 mm. Thus the reduction 
in peroxide content shown in Fig. 7 is due to the potassium fluoride coating and not to the 
difference in cyclopentane pressure. 


DIscussIoN 

According to Walsh ® the activity of an inhibitor at higher temperatures is due to the 
destruction of HO,° radicals and H,O, molecules on the surface, and is supposed to be 
associated with the ability of the surfaces to donate electrons to the adsorbed radical. 

If this is the correct interpretation of such effects at higher temperatures, there is 
clearly a possible analogy in the low-temperature region involving the removal of RO, 
and RO-OH (or RO-OR) whereby chain-branching is prevented so that the reaction cannot 
accelerate in the normal way. , 

The above results show that very varied salts may greatly lengthen the induction 
period of cyclopentane oxidation. Since there is no need to coat the whole inside of the 
reaction vessel but only to introduce loose salt (lithium bromide and chloride), and since 
gold, platinum, and silver are active in the form of wire or foil, the effect is more probably 
due to the destruction of a branching intermediate than to the suppression of a surface 
initiation reaction. Moreover, since the diffusion time must be appreciable, the destruction 
of a peroxide intermediate is perhaps more likely than that of a much more transient 
peroxy-radical. 

The rate at higher temperatures is hardly affected by a coating of lithium bromide, 
but at 250° where the “ low-temperature’ peroxide branching mechanism probably 
operates, a very marked fall is observed. Magnesium sulphate, on the other hand, lowers 
the rate over the whole accessible temperature range. The actions, therefore, seem to be 
quite complex, and we must conclude that for some reason magnesium sulphate is more 
efficient than lithium bromide itself in destroying the chain carriers of the high-tem- 
perature reaction. 

The differences in the efficiences of the various salts may be the result of a number of 
conflicting factors. If Walsh’s explanation of HO,* and H,O, destruction, and the analo- 
gous explanation in terms of RO,* and RO-OH is correct, then the efficiency of the salts 
might indeed lie in the order ef their ability to donate electrons. Some such order is 
observable, and although other factors must play a part, this effect may well be the most 
important single one. 

There is, incidentally, no discernible relation of efficiences to crystal structure. 


Some surfaces lose their activity with use. With silver wire the lost activity could be 
5H 
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restored by wiping the wire clean with cotton wool. Platinum required more drastic 
treatment to restore its activity, but it seems likely that the covering of the surface layer 
with carbonaceous matter is the cause of the loss of efficiency. 

The results for lithium bromide at 400° suggest that peroxides are not essential for the 
development of the chains in the high-temperature region since the rate is little affected 
despite the almost complete destruction of peroxide. At 250° lithium bromide could not 
be used, since it suppressed the reaction entirely, so that at this temperature presumably 
the destruction of peroxide has become important. That destruction of peroxide occurs 
at 250° is shown by the results with the less efficient salt, potassium fluoride, which causes 
the peroxide concentration to be halved. The complexity of the factors at work is, 
however, shown by the fact that with potassium fluoride, not only is the peroxide destroyed, 
as it is with lithium bromide, but the rate is also lowered. In spite of the complications 
it seems clear that the most marked effect is the greater dependence upon peroxide at 
lower temperatures, and the fact that in general the salts which destroy the peroxide 
become relatively less efficient inhibitors as the temperature is raised. 


This work was sponsored by the Fire Service Research and Training Trust and the author 
thanks them for their generous support. 
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621. Chloride Exchange and Bromide Substitution of the 
Hexachloro-octa-u,-chlorohexamolybdate(11) Ion. 


By J. C. SHELDON. 


A study of the chloride exchange and bromide substitution of the hexa- 
chloro-octa-,-chlorohexamolybdate(11) ion, [(Mo,Cl,)Cl,]*~, in aqueous and 
moist ethanolic solutions has established that (i) the bonding within the 
complex ion is covalent, (ii) only the six peripheral chloride groups are 
capable of replacement, (iii) the rate of exchange or substitution is 
independent of halide-ion concentration and both processes have a similar 
rate constant. It is concluded that these reactions proceed through a 
common rate-determining aquation step. 


THE crystal-structure determinations of certain molybdenum(t1) chloride derivatives, 
namely, [(Mo,Cl,)Cl,,2H,O],6H,O? and [(Mo,Cl,)(OH),,2H,0],12H,O,? have established 
the existence of the (Mo,Cl,)** group [given the short name “ chloromolybdenum(11) ”’} and 
its ability to form co-ordination complexes of the type [(Mo,Cl,)X,]. The present work 
is a quantitative study of the chlorine-36 exchange and bromide substitution of the hexa- 
chloro-octa-u,-chlorohexamolybdate(11) ion, {(Mo,Cl,)Cl,]?-, in aqueous hydrochloric acid 
or moist ethanol and attempts to establish the nature of bonding and relative labilities 
of the chlorine atoms within this complex. 


EXPERIMENTAL 


Counting Equipment.—A Twentieth Century Electronics Ltd. liquid counter type M6 
(vol. 10 ml.) was used in conjunction with an Ekco Electronics Ltd. scaler type N529. Counting 
rates varied from 70 to 2000 counts min. with a background of 8—15 counts min.1. 

Materials.—Dihydroxonium hexachloro-octa-1,-chlorohexamolybdate(11) Hexahydrate, 
(H,O),[(Mo,Cl,)Cl,],6H,O. This was prepared as previously described; * 1% stock solutions 
were prepared by weighing out the almost dry acid (to avoid decomposition) and dissolving it 

1 Brosset, Arkiv Kemi, Min., Geol., 1947, 22, A, No. 11. 

2 Brosset, Arkiv Kemi, Min., Geol., 1946, 20, A, No. 7. 

3 Sheldon, Nature, 1959, 184, 1210. 
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in the desired solvent (i.e., 5-6N-hydrochloric acid or “‘ commercial” absolute ethanol). The 
concentrations of the hexachloro-acid solutions were checked by spectrophotometry,’ and the 
solutions diluted as required. 

Chlorine-36. This was obtained from the Radiochemical Centre, Amersham, in the form of 
~2n-hydrochloric acid, activity 116 uc g. ofchlorine. Stock solutions were prepared by adding 
1—2 ml. of this to 500 ml. of 5-6N-hydrochloric acid or ethanol. The chloride concentration of 
these solutions was determined by titration with silver nitrate. The chloride activity of the 
ethanol solutions was determined by counting a sample diluted in 1: 1 water—ethanol, and of 
the aqueous solutions by precipitation of the chloride as silver chloride and counting a dried and 
weighed sample dissolved in ammonia solution. 

Bromide solutions. Ethanolic bromide solutions were prepared from weighed quantities of 
lithium bromide and the concentrations checked by titration with silver nitrate. 

Experimental Procedure.—Equal quantities of hexachloro-acid and chlorine-36 or bromide 
solutions (in a common solvent) were mixed within a thermostat, and aliquot parts withdrawn 
at known times for assay. The hexachloro-acid was quantitatively separated from 5-6Nn- 
hydrochloric acid solution as the triphenylphosphonium salt by the addition of a 25% solution 
of triphenylphosphine in concentrated hydrochloric acid. This salt was filtered off, washed with 
water, and decomposed in hot alkaline peroxide solution, and the chloride precipitated as 
silver chloride. A weighed quantity of the dried silver chloride was dissolved in ammonia 
solution and counted. Alternatively, a slow separation of the hexachloro-acid could be effected 
by crystallisation from the hydrochloric acid solution at 0°. The exchanged or substituted 
hexachloro-acid was separated from ethanol solutions as the tetraethylammonium salt by the 
addition of 2—5 vol. of 1% tetraethylammonium chloride solution fin 1:4 ethanol-light 
petroleum (b. p. 40—60°)]. The precipitated ammonium salt was filtered off, washed with 
ethanol-light petroleum, and dried at 110°. A weighed quantity of the salt was decomposed 
by hot alkaline peroxide solution and assayed for chlorine-36 (after adjustment of the solution 
to known volume and to the composition 1:1 water—ethanol) or analysed for bromide and 
chloride by titration. 

Bistetraethylammonium and Bistriphenylphosphonium Hexachloro-octa-y,-chlorohexamolybdate- 
(1).—The existence of these compounds has been recorded ‘ but without details. They can be 
prepared as described above. These salts are pale yellow powders which are, in common with 
other insoluble chloromolybdenum(t1) salts, amorphous under the microscope but crystalline to 
X-rays. Chloromolybdenum(I1) complexes which are non-electrolytes, on the other hand, are 
usually amorphous even to X-rays. The two hexachloro-salts are stable to moist air at 25° and 
in vacuo at 250°, and are insoluble in water though somewhat soluble in polar organic solvents. 
The triphenylphosphonium salt is converted into a triphenylphosphine oxide—chloromolyb- 
denum(11) addition compound in air at 200°, or loses triphenylphosphine at 500° in vacuo to 
give molybdenum(t1) chloride [Found (for tetraethylammonium salt): C, 14-6; H, 3-1; Cl, 
37-2; N, 2-5. Calc. for CygHggCl,,Mo,N,: C, 14-4; H, 3-0; Cl, 37-2; N, 2-1. Found (for 
triphenylphosphonium salt): C, 27-1; H, 2-1; Cl, 31-4. Calc. for C,,H,.Cl,4Mo,P,: C, 27-4; 
H, 1-9; Cl, 31-1%]. 





RESULTS AND DISCUSSION 


Exchange in 5-6N-Hydrochloric Acid at 25°.—The hexachloro-acid, 
(H,0),{(Mo,Cl,)Cl,],6H,O, was chosen for study on account of its solubility in hydrochloric 
acid and ethanol. Water attacks a soluble hexachloro-complex and precipitation of the 
hydrolysis product, (Mo,Cl,)Cl,,2H,O, commences within seconds and is complete in a few 
minutes. The hexachloro-complex appears to be indefinitely stable in 5n-hydrochloric 
acid or ethanol and thus these solvents are suitable for this investigation. Typical results 
of the chloride exchange of ~10™m-hexachloro-acid with labelled 5-6N-hydrochloric acid 
are given in the following Table. The number of chlorine atoms exchanged per hexa- 


ID. xocsnsctnictncnemeinnetioion 4-13 0-25 2 10 ~30* 39x 10% ~100% 
Atoms of Cl exchanged per mole of 
BNE? “cS. Sexcucanscetborenspabesss 2:9 2:5 6-5 6-0 6-3 6-0 5-9 


* Hexachloro-acid separated by crystallisation at 0°. * Exchange at boiling point of solution. 


* Sheldon, J., 1960, 1007. 
5H2 
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chloro-complex never significantly exceeds 6 even in boiling solution. The number 
exchanged is less than 6 for times of the order of seconds, but such experiments are 
inaccurate, as the times of mixing and separation are comparable with that of exchange. 
These observations indicate that only the peripheral (non-bridging) chlorine atoms are 
capable of exchange and do so at a rate comparable with the rate of hydrolysis. The 
exchange may therefore proceed by an aquation mechanism 


[(MogCl,)CI.]2~ -+ HzO <= [(Mo,CI,)CI,HJO]- + Cle. ww eee. 


in which the slow forward reaction is followed by a fast reverse one involving labelled 
chloride ions leading to a net exchange. This mechanism requires first-order kinetic 
dependence for the hexachloro-complex and zero-order for chloride. It is difficult to test 
these requirements by measurements in aqueous solutions as there are major difficulties in 
adopting conditions in which the exchange is sufficiently slow. 

Exchange in Ethanol at 25°.—The ethanol solutions used in this work have a 0-l— 
1-0m-water content, by virtue of their preparation from materials containing bound and 
free water, which is greatly in excess of the complex and chloride (or bromide) con- 
centrations. Thus the reaction mechanism in these ethanol solutions will most likely be 
that corresponding to aqueous solutions. The hexachloro-complex exchanges with 
10°*m-chloride in ethanol with a half-life of the order of 0-5 hr. and so kinetic investigation 
is possible. It is not easy to establish the number of chlorine atoms exchanging per 
hexachloro-complex at concentrations of 10m owing to isotopic dilution. The difference 
between the theoretical activity gained (S.., 10* counts min. g.* of tetraethylammonium 
salt) for the exchange of 6 or 14 chlorine atoms is usually of the order of the experimental 
error, but is sufficiently great in Expts. 1 and 2 for useful comparison: 


Expt.1 Expt. 2 
es 9-05 
So, calc, for 6 atoms exchanged “62 7:8 
Sa o oe je “75 12-7 


The experimental values are closer to those expected for the exchange of 6 atoms than for 
14, and in view of the results given above for experiments in hydrochloric acid, it is reason- 
able to conclude that only 6 chlorine atoms exchange per complex ion in moist ethanol. 

The exchange data give a linear relation of In (1 — F) (where F is the exchange fraction, 
i.¢., S/S) against time (¢) up to about 90°, exchange and this establishes the kinetic 
equivalence of the 6 peripheral chlorine atoms. The rate constant (k) given in the Table 
below has been obtained from the gradients of the In (1 — F) versus ¢ plots by McKay’s 
method ° on the assumptions that (i) only 6 chlorine atoms exchange per complex, (ii) the 
rate of exchange is independent of chloride-ion concentration and is of first order in complex 
concentration. 


Concn. (mole 1.~) 104 Concn. (mole 1.-) 10%, 
Expt. no. [(Mo,Cl,)Cl,]*~ ci- (sec.~) Expt. no. [(Mo,Cl,)Cl,]*- Ci- (sec.~) 
1 0-0016 0-0123 3-8 q 0-00195 0-00123 3-7 
2 0-00195 0-0230 3-5 5 0-00080 0-0123 41 
3 0-0157 0-0123 3-5 


The acceptable consistency of the first-order rate constant justifies the above assump- 
tions and also suggests that the rate is independent of the water concentration although 
water may play a part in the exchange (or substitution) reaction (see eqn. 1). The hexa- 
chloro-complex may be completely solvated by water in these ethanol solutions and the 
rate of aquation of the complex is thus insensitive to moderate variations of water content 
of the solvent. 

Bromide Substitution in Ethanol at 22°.—The substitution of hexachloro-octa-p,-chloro- 
hexamolybdate(11) by bromide is rapid and complete in aqueous 5N-bromide solution, 


5 McKay, Nature, 1938, 142, 997. 
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yielding hexabromo-octa-y,-chlorohexamolybdate(11). A similar but slow substitution 
occurs in 4m-ethanolic lithium bromide solution, although only partial replacement of the 
§ chlorine atoms occurs in the 0-04—2-0m-bromide range employed for kinetic investigation. 
It is plausible that the rates of forward and reverse substitution [(Mo,C1,)Cl,]*- + Br- == 
[(Mo,Cl,)CI;Br]?- + Cl are independent of halide-ion concentration in view of the results 
of the exchange experiments. Furthermore, it is likely that the rates of forward or reverse 
substitution of an intermediate complex [(Mo,Cl,)Cl,Brg_,]*~ are independent of » as the 
peripheral halogen atoms are separated from each other by 2 or 3 molybdenum atoms. 
These ideas are confirmed by the linear relationship found between In (1 — R) (where R is 
the ratio of the amount of substitution at time ¢ to that at infinite time) and?¢. It is there- 
fore possible to treat the bromide-substitution reaction kinetically in the same manner as 
the chloride exchange, except that the first-order rate constant is now (Rk, + k,), where k, 
and k, are the constants for the forward and the reverse reaction, respectively. In the 
following Table are given the fractions of peripheral chloride groups replaced at 
equilibrium (R..), the equilibrium constant (K) for the system [(Mo,CI,)Cl,]*- + 6Br- === 
[(Mo,Cl,)Brg]?~ + 6CI-, and (k, + ,) for three experiments. 


Concn. (mole 1.-) 

Expt. no. [(Mo,Cl,)Cl,]?~- Br- Reo K 10*(R, + hy) (sec.) 
1 0-0126 0-0414 0-33 0-7 

2 0-0126 0-414 0-685 0-3 

3 0-0126 2-06 0-915 0-3 


There is reasonable agreement between the values of (k, + ,), for these only decrease 
by a factor 2 over a 50-fold bromide concentration change. The most satisfactory values 
of K and (k, + k,) are likely to be given by Expt. 1 which used the most dilute solutions, 
and these give k, and k, (at 22°) as 1-8 and 2:2 x 10“ sec.1, respectively. It can then be 
seen that the substitution-rate constants are similar to the chloride-exchange rate constant 
(3:7 x 10 sec.+ at 25°) and this lends further support to the idea that exchange and 
substitution of the hexachloro-complex proceed by similar mechanisms. 

Conclusion.—The bonding within the hexachloro-octa-y,-chlorohexamolybdate(I1) ion 
is covalent (in the sense that there is little ionic dissociation) in view of the measurable 
rate of replacement of the peripheral chlorine atoms, and the inertness of the bridging 
atoms. The independence of the exchange and substitution rates on the nature of the 
halide ion reacting or on its concentration supports the view that these reactions involve 
preliminary dissociation of a Mo-Cl bond, probably by nucleophilic attack of water, as a 
rate-determining step. It might appear that the bridging chlorine atoms are very strongly 
bound within the chloromolybdenum(I1) group, but their lack of reactivity may well be 
due to the inability of water to occupy a bridging position between three molybdenum 
atoms as a prelude to halide-ion attack giving a substitution of the chloromolybdenum(!1) 
group. 

The author thanks Dr. M. L. Tobe for valuable discussions. This work was carried out 
during the tenure of an I.C.I. Research Fellowship. 
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622. Hydrogen Transfer. Part X.* The Dehydrogenation of Hydro. 
aromatic Hydrocarbons by Quinones: Theoretical Calculations for 
Possible Intermediates. 


By J. R. BARNARD and L. M. JACKMAN. 





The L.C.A.O. M.O. method with various refinements has been used to 
afford the relative energies of stabilisation of o-complexes believed to be 
involved in the dehydrogenation of hydroaromatic hydrocarbons by quinones. 
The qualitative order of these energies is consistent with the two-step ionic 
mechanism postulated in earlier papers. The preference for an ionic rather 
than a free-radical mechanism is discussed. A perturbation method, 
taking hyperconjugation into account, has been used for calculation of the 
energies of ionic intermediates. 


_~ iin Bee ee dle 


THE results of the kinetic survey, described in Part II,! of the thermal dehydrogenation of 
1 ,4-dihydronaphthalene by various quinones led to the postulation of an ionic mechanism, 
and more intimate details of this mechanism were considered in Part III.?__ In particular, 
an attempt was made to determine the nature of the intermediate (RH*) involved in the 
two-step process (1). Two extreme ionic species were considered. They were the x- 





RH, + Q——t QH- + RHt+——B QHAFR-. . . . . . .. 


— — hl lh 


complex (I) and the s-complex (II). It was suggested that the s-complex could not be 
involved as such since the observed order of reactivity of three hydrocarbons, viz., 1,4-di- 
hydrobenzene > 1,4-dihydronaphthalene > 9,10-dihydroanthracene, was opposite to that 


H H 
Oe : 
(I) (il) 


expected for the stabilities of the c-complexes. That the relative stabilities of these ions 
should be in the reverse order to that of the parent dihydro-compounds was concluded 
partly on intuitive grounds and partly from a consideration of ‘‘ resonance ”’ structures. 
The method of counting resonance structures is, however, known to be inherently un- 
sound. In this paper it is shown that molecular-orbital calculations lead to the opposite 
conclusion and indicate that the observed order of reactivities is compatible with that of 
the relative stabilities of the s-complexes for the three examples quoted. 

We have sought to establish the sequence of stabilities by direct calculation using the 
L.C.A.O. M.O. method with various refinements. Since within the series of hydroaromatic 
systems under consideration the changes in bond-type remain the same, the relative 
driving force of the reaction for each member of the series will be a function of the 
difference in resonance energies of the hydroaromatic system and the o-complex. The 
resonance energies of the hydroaromatic compounds have been assessed from experimental 
data. Magnus and Becker* give values, obtained from heats of combustion data, of 
75-3,f 36-7, and 35-9 kcal. mole for 9,10-dihydroanthracene, 1,4-dihydronaphthalene, and 
benzene respectively, while from heats of hydrogenation ® values of 37-0 and 36-0 for 
1,4-dihydronaphthalene and benzene are obtained. The extra resonance energies above 





NS = a | 


Qo —_— = — — FF es he 


—_ — pet hme 6 


* Part IX, J., 1956, 3070. 
+ The redetermined * heat of combustion of 9,10-dihydroanthracene makes this value 76-6. We 
have used the lower value although the higher value is more favourable for our purpose. 


1 Braude, Jackman, and Linstead, J., 1954, 3548. 

? Braude, Jackman, and Linstead, J., 1954, 3564. 

* Dewar and Longuet-Higgins, Proc. Roy. Soc., 1952, A, 214, 482. 
* Magnus and Becker, Erdél u. Kohle, 1951, 4, 115. 

5 Williams, J. Amer. Chem. Soc., 1942, 64, 1395. 
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that of the benzene nuclei of 9,10-dihydroanthracene and 1,4-dihydronaphthalene are 3-5 
and 0-8—1-0 respectively. It is reasonable to suppose that the corresponding’ value for 
1,4-dihydrobenzene is smaller and probably negligible. We shall assume, therefore, that 
the resonance energies of the three systems, compared with the value of 36-0 for benzene, 
are 0-0 for 1,4-dihydrobenzene, 36-9 for 1,4-dihydronaphthalene, and 75-5 for 9,10-dihydro- 
anthracene. Unless otherwise stated, all calculated resonance energies of the s-complexes 
given below have been obtained by using parameters which give the value of 36-0 for the 
resonance energy of benzene. The driving forces for the reactions are then conveniently 
presented by taking the value for the 9,10-dihydroanthracene system as an arbitrary zero. 

Carbonium ions of the type (II) are believed to be the intermediates involved in electro- 
philic aromatic substitution ® and some attempts to estimate their r-electron energies have 
been made.?®® Gold and Tye® have extended Wheland’s original calculations? to a 
number of polycyclic aromatic hydrocarbons, using the M.O. approximation in its simplest 
form. Their results of interest in the present connection are reproduced in Table 1 and are 
seen to agree with the experimental sequence of reactivities. 

Gold and Tye’s method does not take into account a number of factors which could 
have a significant effect on the calculated energies. In systems such as (II) the 
contribution of methylene hyperconjugation to the total z-electron energy is probably 
considerable. Mulliken and his co-workers have sought to introduce hyperconjugation . 
explicitly into the energy calculation by treating the methylene group as a quasi-double 
bond (-C=H,), assigning to it a resonance integral, 28, twice that of the benzene bonds. 
The coulomb integral associated with terminal H, was made equl to « + 86 (« being the 
value for 2pn-carbon atom) where 8 was given values from —0-5 to 0-5. The calculations 
which were confined to the benzenium ion were carried out with various refinements. In 
the most detailed treatment the energies were made self-consistent to variations of 6’s and 
a's with bond orders, and with charge densities respectively, several functional relations 
being assumed for the latter. Overlap was included and correction made for compres- 
sional energy. In applying Mulliken’s model to higher members of the series we have 
corrected for overlap and compressional energy, but because of the complexity of the 
problem we have not made the calculations self-consistent. The results for various stages 
of refinement may be found in Table 1 and again they exhibit the same qualitative order 
as the experimental reactivities. 

While the calculations by Mulliken and his co-workers represent quite a high order of 
refinement they do not explicitly include electron-interaction terms. Ideally this should 
be done in such a way as to obtain the self-consistent molecular orbitals in the manner 
described by Pople." The difficulty arises as to how to handle the electron repulsion 
terms (y,,’s) associated with the quasi-double bond and in view of the crudity of the 
model detailed calculations along these lines did not seem worthwhile. Instead we 
returned to the Wheland—Gold model, in which hyperconjugation is neglected, and used 
Hiickel orbitals corrected for electron interaction. Brickstock and Pople ! have made 
calculations for a number of carbonium ions by this method, including the diphenylmethyl 
ion which is equivalent in this approximation to the s-complex from 9,10-dihydro- 
anthracene. We have extended the calculations to the S-cis-conformations of the cis- 
pentadienyl and 1-phenylallyl ions. The figures for comparison in Table 1 were obtained 
by subtracting the experimental values for hyperconjugative coupling (p. 3110) in the 
hydroaromatic compound from the difference between the vertical resonance energies of 
the hydroaromatic system and of the corresponding o-complex. The observed order is 


* Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,”’ Bell and Sons, London, 1953, p. 280. 
7 Wheland, J. Amer. Chem. Soe., 1942, 64, 900. 

§ Heilbronner and Simonetta, Helv. Chim. Acta, 1952, 35, 1049. 

® Gold and Tye, J., 1952, 2184. 

© Muller, Pickett, and Mulliken, J. Amer. Chem. Soc., 1954, 76, 4771. 

1 Pople, Trans. Faraday Soc., 1953, 49, 1375. 

# Brickstock and Pople, Trans. Faraday Soc., 1954, 50, 901. 





3112 Barnard and Jackman: 


the same as for the other approximations although in this case the numerical differences 
are so small as to be insignificant. Judged from the magnitude of the hyperconjugation 
energies of these ions calculated from the Mulliken model (see below) these differences 
would be increased somewhat if this hyperconjugation had been taken into account in the 
Pople approximation. 

The values in Table 1 all indicate that the increase in stability of the intermediate ion 
over that of the hydroaromatic system decreases as one ascends the polyacene series and 
thus the relative rate sequence observed in Part III is consistent with a two-step ionic 
mechanism. These findings do not, of course, rule out the possibility that subsequent 
removal of the proton has to some extent begun in the rate-controlling step. It is hoped 
that a study of isotope effects may allow a more precise formulation of the intermediate, 
The calculated energy differences, have, of course, little quantitative significance although 
it appears that, when electron interaction is included, the differences are very small and 
indeed the observed rate constants suggest that this is so. 

Calculations for the 1- and 2-naphthalenium ion [(III) and (IV)] reveal the former as 
having the higher resonance energy, the difference being significant in all approximations 
used (Table 2). This suggests that the 2-position is the preferred point of attack in the 


H H 


dehydrogenation of 1,2-dihydronaphthalene. This is supported by the observation 1 that 
the reactions of 1,2-dihydronaphthalene and several 1,1-dialkyl-1,2-dihydronaphthalenes 
with tetrachloro-o-benzoquinone have nearly the same energies of activation. 


TABLE 1. Resonance energy gains (kcal. molé*) for o-complex formation from 
hydroaromatic hydrocarbons. 


Method 1,4-Dihydrobenzene 1,4-Dihydronaphthalene 9,10-Dihydroanthracene* 
Gold and Tye ® 6-4 3-0 
Mulliken model ® 8-9 5-1 
y 27-3 23-1 
29-9 24-5 
Pople method 0-3 0-2 
* The resonance energy gain for 9,10-dihydroanthracene has been taken as an arbitrary zero of 
energy. °® Uncorrected for overlap and compression. ¢* Corrected for compression only. ¢ Cor- 
rected for compression and overlap. 


TABLE 2. Resonance energies (kcal. mole) of 1- and 2-naphthalenium tons. 
Method (III) (IV) Difference 
Gold and Tye ® , 57-3 3°5 
Mulliken model ® , 71-5 , 
e 


Pople method ¢ : , 13-1 


* These values are vertical resonance energies obtained with B = 55-1 kcal. mole. %*% #4 See 
corresponding footnotes to Table 1. 


The activation energy for the dehydrogenation of 1,2-dihydronaphthalene by tetra- 
chloro-o-benzoquinone has been shown by Braude, Jackman, Linstead, and Shannon ** to 
exceed that of the corresponding reaction of the 1,4-isomer by 3-0 kcal. mole+. From the 
above argument it is apparent that the ionic intermediate is the same for both isomers. 
This energy difference must therefore arise from the difference in resonance energies of the 
two isomeric hydrocarbons and is hence in excellent agreement with the observed difference 


13 Braude, Jackman, Linstead, and Lowe, J., 1960, 837. 
™ Braude, Jackman, Linstead, and Shannon, following paper. 
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(30 kcal. mole“) in the heats of hydrogenation of the two hydrocarbons although it should 
be noted that the transition states of the two reactions are not identical. : 

Most of the foregoing arguments for a two-step ionic mechanism apply equally to a two- 
step free-radical mechanism. However, the evidence presented in Parts II and III 
favoured an ionic process. Further, the observation % that dehydrogenation of ‘‘ blocked ” 
hydroaromatic compounds, such as 1,l-dimethyltetralin, is accompanied by a ready 
rearrangement of the Wagner—Meerwein type whereas radical dehydrogenation with 
dipicrylhydrazy] is not "* offers strong support for this view since it is only in the carbonium 
jon that a low-lying x-orbital can be used for the formation of the non-classical inter- 
mediate involved in re-arrangement.%® On the other hand, the radical mechanism seems 
at first sight more likely, particularly for reactions in non-polar solvents, since the energy 
required for the separation of the ionic intermediates would be appreciable unless reduced 
by solvation. The explanation for the preference for the ionic mechanism must therefore 
lie in the relative stabilities of the intermediates involved in the two mechanisms. In this 
connection it is instructive to consider the hypothetical reaction between 1,4-dihydro- 
benzene (V) and #-quinodimethane (VI). In the simple M.O. method the odd electron 
in both the radical intermediates, (IX) and (X), occupies a non-bonding molecular orbital 
and no difference between the resonance stabilisation of these intermediates and their 
jonic counterparts, (VII) and (VIII), is predicted. However the inclusion of electron 


H H CH, H H CH, H H CH, 

-O = + Spo &) 
H H CH, CH; CH, 
(V) (VI) (VII) (VIL) (IX) (X) 


interaction terms profoundly alters this conclusion and substantial differences in favour of 
the ionic process appear. An estimate of the overall energy difference between the two 
pairs of intermediates has been made on the assumption that the resonance energies of the 
4-methylbenzyl anion (VIII) and of the radical (X), which would arise from the p-quino- 
dimethane, are roughly the same as for the benzyl anion and radical, respectively. The 
values of the resonance energy differences between ion and radical are 40-2 and 
396 kcal./mole for the benzenium and 4-methylbenzyl ™ system respectively.* It thus 
appears that in terms of vertical resonance energies the ionic mechanism is favoured to the 
extent of 80 kcal. mole™. 

This difference will be even larger for quinone itself, for owing to the higher electro- 
negativity of oxygen the non-bonding molecular orbital of the quinodimethane becomes 
bonding and the resonance energy of the anion will be greater than that of the radical 
by an amount equal to the energy of this orbital. Perturbation theory using «g + 8 as 
the value of the coulomb integral of oxygen gives 10 kcal. mole as a rough estimate of 
this additional stabilisation. The ionic mechanism for the reaction of 1,4-dihydrobenzene 
with ~-benzoquinone may therefore be expected to have a vertical resonance stabilisation 
of 90 kcal. mole above that of the radical process, of which 40 and 50 kcal. mole arise 
from the cation and the anion respectively. 

Although this estimated difference in resonance stabilisation is certainly larger than 
the actual value, it may nevertheless be concluded that this factor is important and, 
when added to the expected stabilisation of the ionic intermediates by weak solvation, 


* That these figures are also a reasonable approximation to the difference in experimental resonance 
energies is, in part, justified by the satisfactory agreement between the calculated and the observed 
difference for the benzyl system. 


% Linstead, Braude, Jackman, and Beames, Chem. and Ind., 1954, 1174. 
® Dewar, Tilden Lecture delivered before the Chemical Society, 1953. 
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ion-pair formation, and charge transfer forces, may account for the ionic nature of the 
reaction. 

The calculated values of the vertical resonance energy differences between the 1- 
naphthalenium and the 9-anthracenium ions and the corresponding radicals are 46-4 and 
54-2 kcal. mole, respectively. Thus the two-step radical mechanism should exhibit 
the same qualitative rate sequence as the analogous ionic mechanism for the three hydro- 
carbons under consideration. It is interesting that, as the stabilisation of the radical 
relative to the carbonium ion decrease along the series, benzenium, 1-naphthalenium, 
9-anthracenium, radical aromatic substitution should be Jess sensitive than electrophilic 
aromatic substitution to annelation. The observations of Dewar and his co-workers” 
suggest that this isso. These authors have attributed the varying sensitivities of aromatic 
substitution reactions towards structural changes to differing degrees of hybridisation in 
the transition states of the substitution processes. However, the above calculations 
indicate that it is probably not legitimate to compare ionic with free-radical reactions in 
this way. 

As pointed out in Part III? a mechanism involving the concerted removal of two 
hydrogen atoms should also give rise to the observed reactivity sequence for the three 
hydroaromatic hydrocarbons. 

The conclusions which can be drawn from the above considerations are that: (i) the 
argument advanced in Part III against the simple two-step ionic process is invalid and 
this mechanism must again be considered as a possibility; (ii) the qualitative order of 
hydrogen-donor reactivity in the series, 1,4-dihydrobenzene, 1,4-dihydronaphthalene, and 
9,10-dihydroanthracene, is likely to be the same for all three mechanisms considered; and 
(iii) the greater vertical resonance energy of an aromatic carbonium ion than of the corre- 
sponding radical would favour, but not necessitate,,an ionic mechanism. 


CALCULATIONS 


The Mulliken Model.—(a) Direct M.O. calculations. ‘These calculations were performed 
in the usual manner, with the assumptions adopted by Muller, Pickett, and Mulliken.!° The 
hyperconjugative contribution of the methylene group is calculated as indicated above. 

The compression energies, i.e., the energy required to deform the formal bonds of a localised 
model, were computed from the bond-order-energy relations given by Muller e¢ al. Because of 
the large variations in bond orders found for some of the ions (see Table 3) the values so obtained 
are far from satisfactory. 


TABLE 3. Bond orders of aromatic ions. 
Benz- 1-Naphth- 2-Naphth- 9-Anthr- 1-Naphth- 2-Naphth- 9-Anthr- 
Bond * enium alenium alenium acenium Bond * alenium alenium acenium 
1,2 0-849 0-872 0-854 0-894 8,9 0-636 0-718 0-548 
2,3 0-364 0-360 0-341 0-306 9,10 0-664 0-528 
, 0-743 0-722 0-819 0-988 10,11 0-649 0-629 
f 0-606 0-629 0-487 0-493 11,6 0-544 
5,6 0-528 0-603 0-468 11,2 0-310 0-375 
i, 0-562 0-685 1-033 10,5 0-483 
A 0-699 0-610 0-388 3,8 0-367 
* The H, quasi-atom is numbered 1, the methylene carbon atom 2, and the remaining atoms 
clockwise around the molecule. 


The orbital energies were obtained in terms of 8 = —18 kcal. in calculations which did not 
take into account overlap or compression, and in terms of 8 = —31-5 kcal. when compression 
was included. Energies corrected for both overlap and compression were in terms of y= 
— 60 kcal. 

Values for vertical hyperconjugation energies #° (H.C.J.E.) were computed by subtracting 
the x-electron energies obtained by neglecting hyperconjugation from the values for which it 
was included. Values uncorrected for overlap are given in Table 4. 


17 Dewar, Mole, and Warford, J., 1956, 3581; 1957, 342. 
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TABLE 4. Vertical H.C.J.E.’s of some aromatic tons. 


Ion: Benzenium 1-Naphthalenium 2-Naphthalenium 9-Anthracenium 
Vert. H.C.J.E.: 0-79 0-71 0-79 0-64 
x B(= —18 kcal.). 


(b) Perturbation calculations. In addition to the direct molecular-orbital method we have 
investigated Dewar and Pettit’s perturbation method '* in which polycyclic systems are regarded 
as derived from cyclopolyenes and the introduction of the appropriate transannular linkages is 
treated as a series of perturbations. The method has the advantage that a number of aromatic 
systems can be derived from one cyclopolyene. In this work the initial problem consisted 
of finding the orbital energies and coefficients of the appropriate cyclopolyenium ions including 
the quasi-double bond. The C,, symmetry of these systems permitted partial factorisation of 
the secular determinants. The introduction of transannular linkages between atoms yu and v 
were then considered as perturbations Hyv.1 Where more than one transannular linkage was 
introduced it was assumed that the perturbations were additive. The various aromatic ions 
listed in Table 5 were derived from the cyclodecapentaenium and cyclotetradecaheptaenium ions. 


TABLE 5. Perturbation and M.O. vertical resonance energies of aromatic cations. 


Perturbation M.O. Perturbation M.O. 
energy, X B energy, energy, XB = energy, 
Cation (= —18 kcal.) x B Cation (= —18 cals.) x B 
1-Naphthalenium (III) 3-677 4-094 1-Anthracenium 4-922 -— 
2-Naphthalenium (IV) 3-573 3-971 2-Anthracenium 4-808 5-645 


1-Azulenium 3-683 ~- 9-Anthracenium 5-158 

2-Azulenium 3-349 3-737 1-Phenanthrenium ... 4-864 

4-Azulenium 3-016 -— 2-Phenanthrenium ... 4-808 

§-Azulenium 3-349 -— 3-Phenanthrenium ... 4:787 

6-Azulenium 3-016 3-442 4-Phenanthrenium ... 4-613 
9-Phenanthrenium ... 4-578 5-861 


Where known the results of the direct molecular-orbital method have been included for com- 
parison. In agreement with Dewar and Pettit’s observations the perturbation method yields 
values which are consistently lower than those of the direct M.O. method. Further, the relation 
between the results of the two methods are best represented by the linear equation Eyo, = 
1-37Epe+, — 0-80, in which the parameters compare favourably with those (1:35 and —0-70 
respectively) derived by Dewar and Pettit for the polycyclic aromatic systems. 

The Pople Method.—The value for the 9-anthracenium ion was taken as equal to that 
calculated by Brickstock and Pople '* for the diphenylmethy] cation, and the remaining examples 
were calculated by the same method with values of the electron interaction integrals, y,,, 
computed by Pople’s inverse-distance approximation.™ 

Relative Stabilities of Ions and Radicals.—The differences in vertical resonance energies for 
the various pairs of ions and radicals were calculated by the equation: ™ 


E,(ion) — Ep(radical) = S Co, Co.® (vir — Yur) 
wee 


where C,, and Cy, are the atomic coefficients for the non-bonding molecular orbital. 
The correction for the replacement of the two terminal carbon atoms of /-quinodimethane 
was based on the equation: 
3. = > Cro, Say 
“ 


where C,,’s are the coefficients for the non-bonding molecular orbital of the atomic centres 
which are being replaced and 8a, = § is the difference in the coulomb integrals of oxygen and 
carbon. 


We are indebted to the late Professor E. A. Braude for helpful discussion and to the Depart- 
ment of Scientific and Industrial Research for a maintenance grant (to J. R. B.). 
DEPARTMENT OF CHEMISTRY, , 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON, LoNnpon, S.W.7. (Received, October 13th, 1959.] 


*® Dewar and Pettit, J., 1954, 1617. 
® Coulson and Longuet-Higgins, Proc. Roy. Soc., 1947, A, 191, 39. 
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623. Hydrogen Transfer. Part XI.* The Dehydrogenation of Hydro. 
aromatic Hydrocarbons by Quinones: The Effect of Quinone Shape. 


By (the late) E. A. Braupg, L. M. JAcKmAN, R. P. LINSTEAD, and J. S. SHANNon. 


The kinetics of the reactions of 1,2- and 1,4-dihydronaphthalenes with 
tetrachloro-1,2-benzoquinone, chloranil, and 3,3’,5,5’-tetrachloro-4,4’-di- 
phenoquinone have been studied and the Arrhenius parameters determined, 
The results allow a further refinement of the two-step ionic mechanism put 
forward in preceding papers. 


In earlier papers }? in this series a one-step concerted process was considered as a possible 
mechanism for the hydrogen transfer from hydroaromatic compounds to quinones, the 
two hydrogen atoms being transferred directly and simultaneously to the quinone oxygen 
atoms. It was suggested at the time that a crucial test for this mechanism lay in the 
relation of the rate of reaction to the relative internuclear separations of the two hydrogen 
atoms undergoing transfer and the two quinone oxygen atoms. An insensitivity to such 
steric considerations would vitiate the concerted mechanism. The preliminary results 
obtained in Part III ? for the two hydrocarbons 1,2- and 1,4-dihydronaphthalenes against 
1,4-benzoquinone and 1,2-naphthoquinone strongly indicated a lack of steric dependence. 
We now report a more detailed study which confirms our earlier findings and makes the 
concerted mechanism appear unlikely. 

Three quinones have been used in this investigation, viz., tetrachloro-1,2-benzoquinone, 
chloranil (tetrachloro-1,4-benzoquinone), and 3,3’,5,5’-tetrachloro-4,4’-diphenoquinone. 
These provide adequate variation in O-O separation, the approximate values being 3'5, 
5, and 8A, respectively. The unsubstituted quinones were not suitable for a kinetic 
investigation as, with the exception of 1,4-benzoquinone, they were too unstable. The 
two hydrocarbons used were 1,2- and 1,4-dihydronaphthalene in which the internuclear 
separations of the two transferable hydrogen atoms are 2-1 and 3-2A, respectively. 
Preparative experiments were carried out for all six combinations and the expected 
stoicheiometry was found in each case. 

The titrimetric methods developed in Part III} for studying the kinetics of similar 
reactions could not be used in the present experiments owing to the intense colour of 
tetrachloro-1,2-benzoquinone and the lability of the tetrachlorodiphenoquinone in acid. 
The kinetics could, however, be studied by following spectroscopically the disappearance 
of quinone, under suitable conditions, and two general techniques were developed. In the 
first, aliquot parts of the reaction mixture were removed, and diluted if necessary, and the 
concentrations were determined spectroscopically in the usual way. In the second,’ which 
was the more convenient, the reactions were carried out in the actual absorption cell 
mounted in a specially designed thermostatic cell compartment. Comparable experiments 
by both methods gave a most satisfactory agreement. 

The reactions with tetrachloro-1,2-benzoquinone were more or less straightforward. 
Phenetole was used as a solvent and introduced a minor complication in that the quinone 
underwent a slow thermal decomposition. However, by adjusting the hydrocarbon 
concentrations it was possible to render the decomposition reaction negligible. 

The chloranil-1,4-dihydronaphthalene system proved more complicated. Although 
preparative experiments yielded 96%, of the quinol and ca. 95° of naphthalene, preliminary 
experiments in phenetole with equimolecular concentrations of the two reactants revealed 
an intensely coloured by-product (Fig. 1). Even though present in as little as 1—2% this 
by-product, by virtue of its intense colour, caused large downward drifts in the second- 


* Part X, preceding paper. 

1 Braude, Jackman, and Linstead, J., 1954, 3548. 
2 Braude, Jackman, and Linstead, 1954, 3564. 

’ Cf. Barany, Braude, and Coles, J., 1951, 2093. 
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order rate constants. In the hope that the by-product was formed from the quinone 
subsequently to the dehydrogenation, the reaction was made pseudounimolecular by using 
a hundred-fold excess of 1,4-dihydronaphthalene. This was successful in that the 
coloured compound was no longer produced. However the pseudounimolecular system 
failed to give give satisfactory results, the first-order rate constants always exhibiting large 
irreproducible upward drifts, and extrapolation to zero time gave values which were 
erratic and often as much as twice the value found in Part II.1_ The cause of this behaviour 
was traced to the incorporation of significant concentrations of oxygen resulting from the 
use of a large excess of hydrocarbon. Liquid 1,4-dihydronaphthalene appears to dissolve 
appreciable quantities of oxygen as it releases gas noticeably on solidification or evacuation. 
It is known that a number of aromatic compounds form charge-transfer complexes with 
oxygen *® and the inference is that 1,4-dihydronaphthalene is another example. Numerous 
experiments showed that oxygen was responsible for the observed high rate constants. 
Further, it was found that tetrachloroquinol in the presence of oxygen (but not in its 





40 
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Fic. 1. Spectrum of (A) chloranil in ethyl acetate containing ., ¢ 
2% of phenetole, and of (B) the solution (diluted with ethyl ~ °20Fr 
acetate) resulting from a kinetic experiment with 1,4- ty 
dihydronaphthalene and chloranil in phenetole. S 
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absence) markedly enhanced the catalytic effect of the latter and the upward drift observed 
in the pseudounimolecular reactions may be attributed to the quinol which is formed in 
increasing concentrations as the reaction proceeds. These experiments are not reported 
in detail here (only a representative sample is given in the Experimental section) since 

more thorough examination is necessary for a rational interpretation. 

Eventually a compromise was effected between formation of the coloured by-product 
and catalysis by oxygen. By working with 0-1mM-quinone and 0-3m-hydrocarbon the 
downward drift due to the coloured by-product was sufficiently suppressed to permit 
reasonably accurate extrapolations to zero time and under these conditions the presence or 
absence of oxygen in the hydrocarbon did not alter the rate of reaction. The rate constants 
thus obtained were in reasonable agreement with those recorded in Part II.! A similar 
problem was encountered in the reaction of chloranil with 1,2-dihydronaphthalene. Here 
it was necessary to use a 1: 5 ratio of quinone to hydrocarbon and when this was done 
oxygen catalysis did not occur. 

Tetrachlorodiphenoquinone proved to be only sparingly soluble in phenetole and 
5 x 10“m-concentrations had to be used. As a result it was impossible to purify phenetole 
sufficiently to yield reproducible kinetics. It was therefore necessary to use chlorobenzene 
as a solvent: when freshly purified this gave thermally stable solutions of the quinone. 
As the solvent effect in this type of reaction is small! and as we were primarily interested 
in comparing the rate ratios for the two hydrocarbons it is likely that the change in solvent 
isnot critical. In chlorobenzene the tetrachlorodiphenoquinone gave satisfactory kinetics 


* Evans, J., 1953, 345. 
* Orgel, Quart. Rev., 1954, 8, 422. 
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for both hydrocarbons and at the concentrations of hydrocarbons used (2:1) oxygen. 
catalysis was not observed. 


EXPERIMENTAL 


Materials.—The preparation and purification of 1,4- and 1,2-dihydronaphthalene, chloranij, 
and phenetole have been described in Parts II} and III. Tetrachloro-1,2-benzoquinone was 
prepared by Brook’s method * and purified (to m. p. 133°) by sublimation or repeated recrystallis- 
ation from light petroleum (b. p. 80—100°). 

3,3’,5,5’-Tetrachloro-4,4’-diphenoquinone was prepared from the quinol by oxidation with 
nitric acid ? and could be recrystallised from chlorobenzene although the initial oxidation product 
was in fact spectroscopically identical with the recrystallised material. 

Chlorobenzene was purified by drying (CaCl,) and distillation. 

Preparative Experiments.—A trial to establish the recovery of naphthalene from phenetole 
was carried out. A solution of naphthalene (3 g.) in phenetole (5 ml.) was fractionated through 
a 6” Stedman column to remove the phenetole as completely as possible. The column was 
rinsed with a little alcohol, and the washings were added to the distillation residue which was 
then made up to 20 ml. with alcohol. Picric acid (5-3 g.) was added and the mixture warmed 
until dissolution was complete. On cooling, naphthalene picrate (7-5 g., 87%), m. p. 146— 
149°, separated. One recrystallisation from ethanol gave the pure picrate (6-75 g., 78-5%), 
m. p. 150°. 

Tetrachlovo-1,2-benzoquinone—1,4-Dihydronaphthalene.—The quinone (5-7 g.) and the hydro- 
carbon (3-0 g.) were mixed in phenetole. The reaction was strongly exothermic and complete 
in 2—3 min. The quinol separated on cooling and was removed by filtration. The fine white 
crystals (5-5 g., 96%), m. p. 193—194°, were washed with light petroleum (b. p. <40°). The 
combined filtrate and washings were passed through a 5in. x 1 cm. alumina column and eluted 
with more light petroleum. The light petroleum was removed by distillation, and the 
naphthalene recovered as its picrate from the phenetole by the above procedure. The crude 
picrate (7 g., 84%) had m. p. 145—148°, and on crystallisation from ethanol gave the pure com- 
pound (5-6 g., 67-2%), m. p. 150°. 

Tetrachloro-1,2-benzoquinone—1,2-Dihydronaphthalene.—The quinone (5-5 g.) and hydro- 
carbon (2-9 g.) in phenetole (5 ml.) were heated at 100° for 5 min. and worked up as above. The 
reaction yielded the quinol (5-2 g., 94%), m. p. 193—194°, and picrate [6-9 g., 83% (crude); 
5-9 g., 71% (pure)], m. p. 144—148° (crude), 150° (pure). 

Chloranil—1,4-Dihydronaphthalene.—The quinone (5-7 g.) and hydrocarbon (3-0 g.) in phen- 
etole (5 ml.) were heated at 100° for 1 hr. and worked up in the usual way, to give the quinol 
(5-4 g., 95%), m. p. 230°, and naphthalene picrate [6-5 g., 81% (crude); 5-85 g., 73% (pure)], 
m. p. 144—147° (crude), 150° (pure). 

Chloranil-1,2-Dihydronaphthalene.—In the same quantities and under conditions as in the 
preceding experiment, this pair yield quinol (5-5 g., 96%), m. p. 230—231°, and picrate [6-6 g., 
83% (crude); 5-6 g., 71% (pure)], m. p. 145—148° (crude), 150° (pure). 

3,3’,5,5’-Tetrachloro-4,4’-diphenoquinone-1,4-Dihydronaphthalene.—The quinone (3-2 g.) and 
hydrocarbon (1-3 g.) were refluxed for 5 min. in boiling chlorobenzene (15 ml.) during which the 
colour of the quinone disappeared. On cooling, the quinol separated and was recovered 
(3-0 g., 94%; m. p. 228—230°) by filtration and washing with light petroleum (b. p. <40%). 
The combined filtrate and washings were fractionated through a 6 in. helical column. After the 
removal of the chlorobenzene and cooling, the residue solidified (1-2 g.) and had m. p. 70—75°, 
Amax, 2750 A (E}%, 416 in EtOH), which represented 95% of naphthalene and a corresponding 
overall yield of 87%. 

3,3’,5,5’-Tetrachloro-4,4’-diphenoquinone—1,2-Dihydronaphthalene.—The quinone (4-0 g.) and 
hydrocarbon (1-6 g.) were refluxed for 5 min. in chlorobenzene (15 ml.), and working up as in the 
preceding experiment gave the quinol (3-7 g., 92%), m. p. 228—230°, and crude naphthalene 
(1-4 g.), m. p. 60—70°. The light absorption in ethanol (An, 2750A; E}%, 415) of the 
naphthalene corresponded to an overall yield of 84%. 

Kinetic Methods.—(a) The reactions were carried out in vessels described in Part II 
(method 1).1. The rates of reaction were followed by determining spectroscopically the con- 
centration of quinone at appropriate time intervals. The spectroscopic measurements were 


* Brook, J., 1952, 5040. 
7 Magatti, Ber., 1880, 18, 227. 
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made at a suitable point on the long-wavelength bands of the quinones. For this purpose 
aliquot parts were withdrawn and diluted to a known volume if necessary. . 

(b) In method (6) the reactions were carried out directly in a thermostatic spectroscopic cell. 
For this purpose a self-contained thermostat-controlled cell compartment was designed for use 
with a Beckman D.U. spectrophotometer and a Unicam S.P. 500. The general lay-out is shown 
diagrammatically in Fig. 2. The cell compartment was fitted between the monochromator (A) 
and the photocell housing (B). Heat-insulation was provided for by the sindanyo plates (C), 
and the instrument itself was further protected by the water jackets (D). The free space of the 
thermostat was filled with oil which was electrically heated. Two heaters were employed; one 
being controlled by a contact thermometer thermoregulator (E) and a Sunvic E.A.3. relay, the 
other by a booster heater manually adjusted by means of a Variac. Uniformity of heating was 
ensured by an efficient belt-driven stirrer (F). The cell carriage (G) was of the conventional 
type and manipulated by a push-rod (H). 

This apparatus could be conveniently used in the range 45—-120°. It was necessary to adjust 
the flow of water through the jackets D such that the effluent temperature was somewhat above 
room temperature, otherwise condensation occurred and, in the case of the Beckman D.U. 
spectrophotometer, caused instrumental instability. 


Fic. 2. Thermostatic cell compartment. 
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After being mounted in the thermostat, the cells and their contents required at least $ hr. to 
reach thermal equilibrium. For this reason it was necessary to fill the reaction cell with a 
solution of one of the reactants and allow the system to reach the equilibrium temperature. 
The second reactant was then added either in the solid state by means of a small platinum cup 
or as a very concentrated solution from a syringe fitted with an “‘ Agla’”’ micrometer. Even so 
the addition of the second component caused a fall in temperature of as much as 4°. In practice 
it was found that this temperature drop could be accurately anticipated and largely overcome 
by initially setting the thermostat at the appropriate value above the desired temperature. The 
thermostat was re-adjusted immediately after the addition and mixing of the second reactant. 
The error thus introduced was negligible. The actual temperature for a given run was 
determined directly on the solution at the end of the experiment as there was a significant lag 
between the thermostat and the cell. 

Results of Chloranil Experiments.—Unless otherwise stated rate constants are given in 
1. mole min.*}. 

(1) Chloranil (0-100m)—1,4-dihydronaphthalene (0-100m) in phenetole at 110° [method (a)]. 
This experiment illustrates the downward drift caused by coloured by-product formation. 


EE -sécdensipebs 0 54 70 181 223 394 2000 
E (3640 A) ......... 0-554 0-460 0-434 0-396 0-383 0-360 0-610 
ee —_— 37:8 39-5 22-0 20-0 13-6 —_ 


(2) Chloranil (0-10m)—1,4-dihydronaphthalene (1-00m) in phenetole at 60-9° [method (a)]. 
This and the succeeding run (3) show the form and irreproducibility caused by oxygen in- 
corporated by a large excess of hydrocarbon. The uncatalysed rate constant obtained later is 
10% = 0-50. 
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Se 6 20 27 35 
E (4400 A) ......... 0-720 0-672 0-518 0-449 0-356 0-232 
| 2 one 1-13 1-64 1-74 1-98 33 






































BB) coersecesece “7 P 21-3 45 ° 
E (4400 A) ......... 0-896 0-814 0-746 0-489 0-321 0-192 
BPW ectctvevncesssscce _— 1-36 1-25 1-58 2-28 2-95 


(4) As in (2) and (3) except that tetrachloroquinol (0-010Mm) was added initially. 


aS 6-0 14-0 22-0 29-0 33-0 
E (4400 A) ......... 0-768 0-519 0-303 0-143 0-072 
y- SI — 4-91 5-81 7-31 8-75 


(5) Chloranil (0-010m)-1,4-dihydronaphthalene (1-00m) in phenetole at 60-9° [method (a)}. 
In this experiment the solution of the hydrocarbon was refluxed ‘‘ in vacuo ’’ for 4 min. to 
remove dissolved gases. Nitrogen was then admitted and the quinone added. 


ON ie 3-5 15-6 27-0 42 90-0 110 190 
E (4400 A) ......... 0-960 0-899 0-853 0-790 0-623 0-571 0-420 
EN saiaheteconseinne = 0-53 0-50 0-51 0-50 0-49 0-44 


(6) As in (5) except that oxygen was admitted instead of nitrogen. 


8 PM) ccvecscsness 3-5 15-6 55 85 109 132 
E (4400 A) ......... 0-942 0-876 0-610 0-379 0-260 0-192 
BU Sheccsesscestcesce — 0-68 0-84 1-12 1-22 1-24 


(7) As in (5) except that tetrachloroquinol (0-010M) was added. 


OGM)  cccscosevess 3-5 15-6 30 45 85 105 155 
E (4400 A) ......... 0-934 0-826 0-707 0-596 0-386 0-323 0-234 
BID sicasvoesecsiasces —_ 1-03 1-05 1-09 1-09 1-05 0-91 


(8) Chloranil (0-100m)—1,4-dihydronaphthalene (0-309m) in phenetole at 95° [method (a)]. 
This is representative of the experiments from which the extrapolated rate constants recorded 
in Table 1 were obtained. 


COIR) .cosccsesecee 4 7-7 12-5 18 28 82 , 
E (5920 A) ......... 0-842 0-775 0-729 0-670 0-618 0-530 0-395 
BPR ccveccssosccovese _ 6-85 6-20 6-09 5-81 5°75 3°86 


(9) Chloranil (0-100m)—1,2-dihydronaphthalene (0-500m) in phenetole at 145° [method (a)]. 
A representative run with 1,2-isomer from which the extrapolated values of & were obtained. 


OOD. . .soccccscccee 0 15 21 30 45 65 90 125 
E (6150 A) ......... 0-780 0-692 0-678 0-608 0-542 0-478 0-434 0-384 
WD nrcecceccesseseese — 1-60 1-40 1-70 1-67 1-58 1-37 1-21 





Results of Experiments with Tetrachloro-1,2-benzoquinone and 3,3’,5,5’-Tetrachloro-4,4'-di- 
phenoquinone.—(10) Tetrachloro-1,2-benzoquinone (0-0102m)—1,4-dihydronaphthalene (0-0102m) 
in phenetole at 60-2° [method (a)]. 


BIE, . -decevaneasos 0 8 13 20 30 45 1600 
E (5400 | eee 0-880 0-490 0-390 0-300 0-223 0-157 0-014 
DW cdeccadbeverssvenesce — 9-75 9-46 9-47 9-61 9-80 _ 
(11) As in (10) but method (6). 
ee 0 3 7 10 15 30 45 1000 
E (6050 : ee 1-050 0-814 0-633 0-540 0-434 0-271 0-197 0-016 
@  wmantariascorsumnse — 9-63 9-40 9-45 9-46 9-55 9-60 — 
(12) Tetrachloro-1,2-benzoquinone (0-0100m)-—1,2-dihydronaphthalene (0-0500m) in phen- 
etole at 50° [method (a)]. 





ee 0 30 71 121 182 233 300 1600 
E (5400 A) ......... 0-862 0-740 0610 0-472 0-363 0274 0224 0-014 
yee eta Cera _ 0-101 0100 0105 0-102 0-107 1-00 — 
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(13) 3,3’,5, 5’ - Tetrachloro - 4,4’- diphenoquinone (5-00 x 10m) —1,4- dihydronaphthalene 
(5-00 x 10m) in chlorobenzene at 100° [method (b)]. In all experiments with this quinone it 
was necessary to redistil the solvent just before use. 


£(miM.) ,....eeeeeee 0 12 25 35 80 112 150 220 
’ (5020 Yaa 0-890 0-784 0-697 0-645 0-477 0-396 0-336 0-264 
Racateipcsonssasex _— 22-7 22-1 21-8 21-5 22-3 22-0 21-5 


(14) 3,3’,5,5’ - Tetrachloro - 4,4’- diphenoquinone (5-00 x 10™m) — 1,2 - dihydronaphthalene 
(10-0 x 10m) in chlorobenzene at 100°. 


10-*¢ (min.) ......... 0 2 4 7 ll 17 
E (5000 A) .....+++. 1-000 0-874 0-773 0-646 0-517 0-380 
I crsesvevereosecoseoes —- 0-702 0-681 0-689 0-696 0-702 


Arrhenius Parameters.—Table 1 lists k-T data for the six systems studied. From these the 
Arrhenius parameters were computed by the method of least squares. Standard deviations 
have been calculated from the following formule relating to an equation y = a + br: 


6, = sV=x*/D; o, = sVnjD; oy = sVX(x — x,)?/D 
(Yous. — Yeale.)”. ; D = n=x* — (Ex)?. 


n— 2 
Table 2 gives In A, E4, and Ryo9- for the six systems. 


where s = 


TABLE 1. Data“ for the dehydrogenation of 1,4-dihydronaphthalene (1,4-DHN) and 
1,2-dihydronaphthalene (1,2-DHN) by quinones. 











Tetrachloro-1, 22 nsec aca Cc hloranil a 
aid 4- DHN ’ 1,2- DHN- are 4-DHN° 1,2- DHN* oe 4-DHN ,2- DHN- 
Temp. Temp. Temy >. Temp. Temp. Tenet 


(kK) 10° (K) 10k (x) 104% (K) 10*k (K) 10k (K) 10% 
273° 0-228 318° 1-18 353° 4:27 408° 1-35 353° 0-86 373° 1-16 
314-4 4-43 323 1-68 358 5:75 9413 1-90 358 1-22 378 1-59 
323-3 8-63 328 2-40 363 850 418 2-65 363 1-73 383 2-38 
333 15-9 333 3-40 368 13-0 423 3-57 378 3-63 388 3°35 
353 45-3 338 4-93 373 17-75 6428 5-05 383 6-33 343 4-65 

* kinl. mole sec.*. ° A further five results were obtained in this range and were subsequently 
used in the calculation of Et. ¢ Extrapolated data. 


TABLE 2. Arrhenius parameters and kyog. 


Ryo0* E4 
System (1. mole sec.-) In A (kcal. mole) 
Tetrachlo-1,2-benzoquinone-1,4-DHN ...... 1-18 + 0-06 17-3 + 0-2 12-8 + 0-15 
ve 4 1,2-DHN ...... 4-06 (+ 0-17) x 10% =17-3 + 0-35 15-3 + 0-2 
SE ee a ee 1-78 (+ 0-06) x 10% 195+ 1-0 19-3 + 0-7 
1,2-DHN RUSE ESOC As tr 9-80 (+ 0-65) x 10% 19:14 0-4 22-8 + 0-3 
Tetrachlorodiphenoquinone- i, 4-DHN ......... 3-44 (+ 0-25) x 10° 234+ 0-6 18-3 +. 0-35 
- ‘ ik ee 1-14 (+ 0-03) x 107% 23-2409 20-7 + 0-5 
DISCUSSION 


The relative reactivities of quinones towards 1,4-dihydronaphthalene are conveniently 
assessed by means of linear free-energy equations relating oxidation potentials to ease of 


dehydrogenation. In Part II the equation * (1) was derived for 1,4-quinones where 
AG? is in 


eg enh el ee 
kcal./mole and E°,, in volts. A similar expression (2) can be derived for the 1,2-quinones: 
AG» = 34— 16GB", . . 2. 2. ws se ew se &® 


* The gradient of the equation for 1,4-quinones is 16-0 and not 0-0016 as given in Part II, 
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Substitution in (2) of the value ® E°,, = 0-87 for tetrachloro-1,2-benzoquinone gives 
kgs = 1:4 X 101. mole™ sec.*, in excellent agreement with the value 1-6 x 10 obtained 
by extrapolation of the 1/T-In & curve. 

Tetrachloro-1,4-benzoquinone has been discussed in Part II. The experimental data 
obtained here are in fair agreement with those found by the titrimetric method although 
there is a discrepancy of 1-0 kcal. mole in the computed activation energies. The actiy- 
ation energy obtained in the present investigation is of low accuracy, the standard deviation 
being 0-7 kcal. 

The value of E°,, for tetrachlorodiphenoquinone has not been determined. However, 
that for the parent quinone ® is 0-954 v, and if it is assumed that the introduction of four 
chlorine atoms into the diphenoquinone nucleus alters AG* by the same amount as does 
similar substitution of 1,4-benzoquinone (viz., 1-6 kcal. mole) equation (1) gives k,. = 
2-7 x 10° which is of the same order as the extrapolated value of k,, = 0-73 x 10°. 

That tetrachlorodiphenoquinone is accommodated by the same E°—AG# relation as for 
1,4-quinones strongly suggests that at least for these two types of quinone, a synchronous 
removal of two hydrogen atoms does not occur. The abnormal reactivity of 1,2-quinones 
on the other hand might be in part due to synchronisation although, as pointed out 
previously,! hydrogen bonding in the transition state leading to a catechol monoanion can 
account for this increased reactivity. 

A more sensitive test for synchronisation is provided by the relative rates of dehydrogen- 
ation of 1,4- and 1,2-dihydronaphthalene by the three quinones (Table 3). These data 


TABLE 3. Relative rates of dehydrogenation of 1,4- and 1,2-dihydronaphthalene at 100°. 


Tetrachloro-o-benzoquinone Chloranil Tetrachlorodiphenoquinone 
k(1,4-DHN)/A(1,2-DHN) ... 29-1 + 1-7 182 + 10 30-2 + 2-4 


provide strong evidence that even with the 1,2-quinone simultaneous removal of both 
hydrogen atoms does not occur to a significant extent. Models indicate that the transition 
state for a one-step process should be most favourable for the reaction of a 1,2-dihydro- 
system with a 1,2-quinone whereas in practice the 1,2-quinone actually favours the 1,2-di- 
hydro-system to the same extent as does the dipheno-quinone. The 1,2- and the dipheno- 
quinone show comparable relative reactivities, whereas the 1,4-quinone in accordance 
with its lower dehydrogenating power is more discriminating. 

In the preceding paper attention was drawn to the fact that 1,4- and 1,2-dihydro- 
naphthalene should yield the same ionic intermediate and that the difference in activation 
energies for the two reactions should therefore be approximately equal to the difference 
in resonance energies of the two hydrocarbons. The latter quantity, as determined 
by heats of hydrogenation, is ca. 3-0 kcal., which agrees with differences in activation 
energies determined from the data in Table 2 (viz., 2-5 + 0-3, 3-5 + 0-8, and 2-4 + 0-6). 

The results recorded in this and other relevant papers in this series are best accom- 
modated by a two-step ionic mechanism in which the intermediate is a o-complex. There 
does not appear to be any need to invoke the modified intermediates described in Part III 
although a knowledge of the exact kinetic significance, if any, of the ‘‘ second ’’ hydrogen 
atom must await further experiment. 


This work was carried out during the tenure by one of us (J. S. S.) of a scholarship awarded 
by the British Council. 


DEPARTMENT OF CHEMISTRY, 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Soutu KENstIncTon, Lonpon, S.W.7. [Received, October 13th, 1959.) 


® Fieser and Conant, J. Amer. Chem. Soc., 1924, 46, 1873. 
® Fieser, J. Amer. Chem. Soc., 1930, 52, 4915. 
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624. Hydrogen Transfer. Part XII Dehydrogenation of 
“* Blocked” Hydroaromatic Compounds by Quinones. 


By (the late) E. A. BraupE, L. M. Jackman, R. P. LinsTEapD, and G. Lowe. 


Aromatisation of gem-substituted hydroaromatic compounds by high- 
potential quinones has been shown to be accompanied by a Wagner—Meer- 
wein rearrangement. The reaction has been tested for a number of mono- 
and bi-cyclic systems and for several related compounds in the aliphatic 
series. Syntheses of some new hydroaromatic compounds and naphthalenes 
are described. 


THE evidence, accumulated in earlier papers (Parts II,? III, X,* and X14), concerning 
the mechanism of dehydrogenation of hydroaromatic compounds by quinones has strongly 
favoured a two-step ionic process involving a carbonium ion as intermediate. Viewed 
in this light the reaction is seen to possess the characteristics of a unimolecular elimination 
(E,).5 In the dehydrogenation the leaving group is the hydride ion (H~), and the quinone 
assumes the rdle of solvent or electrophilic catalyst in effecting the ionisation. Unimole- 
cular elimination is, of course, but one of a number of reactions which a carbonium ion 
intermediate may undergo. Thus substitution, both intra- and inter-molecular, as well 
as a variety of rearrangements may compete with the simple elimination process.. It is 
therefore to be expected that hydrogen-transfer to quinones of high potential should be 
capable of considerable elaboration in that, for certain donor structures, reactions more 
subtle than the conventional dehydrogenation might occur. This has been found to be so, 
and in this and the following three papers some alternative transfer reactions are examined. 


Me, Me 


Me 
OCS + = OCS + 


(I) (IT) 


The present paper describes hydrogen-transfers which are accompanied by a Wagner- 
Meerwein rearrangement. In particular, consideration is given to the dehydrogenation 
of hydroaromatic systems in which aromatisation is formally “ blocked” by gem- 
substituents (dialkyl, diaryl, or arylalkyl). Two examples have been the subject of a 
preliminary report,® and the conversion of 1,l-dimethyltetralin (I) into 1,2-dimethyl- 
naphthalene (II) by high-potential quinones illustrates the process. The course of this 
reaction is in direct contrast to that followed by the conventional methods of dehydro- 
genation. Catalytic dehydrogenation, as well as dehydrogenation by elemental sulphur 
and selenium, usually results in the elimination of a blocking substituent.’ Some 
exceptions to this general rule have been noted by Adkins e¢ al.§ but even in these cases, 
which involve the use of a specially prepared nickel-kieselguhr catalyst, the rearrangement 
is by no means the exclusive reaction. We have now examined the dehydrogenation of 
a wide range of gem-substituted hydroaromatic compounds by quinones and found that 
in all cases the sole aromatised product is that formed by rearrangement. 


' Part XI, Braude, Jackman, Linstead, and Shannon, preceding paper. 

* Braude, Jackman, and Linstead, J., 1954, 3548. 

* Braude, Jackman, and Linstead, /., 1954, 3564. 

* Barnard and Jackman, J., 3110. 

5 Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” Bell, London, 1953. 

* Linstead, Braude, Jackman, and Beames, Chem. and Ind., 1954, 1174. 

* Linstead, Ann. Reports, 1936, 38, 294; Linstead ef al., J., 1936, 470; 1937, 1140, 1146; 1940, 720, 
1127; Plattner in ‘‘ Newer Methods of Preparative Organic Chemistry,” Interscience Publ. Inc., New 
York, 1948, p. 21; Cocker ef al., J., 1952, 72; 1953, 2355. 

* Adkins and Davies, J]. Amer. Chem. Soc., 1949, '71, 2955; Adkins and England, ibid., p. 2958. 
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Three of the high-potential quinones examined in Part IV ® have been employed in the 
present investigation. They are tetrachloro-1,2-benzoquinone (III), 3,3’,5,5’-tetra- 
chloro-4,4’-diphenoquinone (IV), and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (V), 
Of these, the last is the most powerful but the first is the most readily available. 


cl 6 cl cl Z 
Cl ‘o) “ 4 NC Cl 
Cl fe) 

(IIT) (IV) (V) 


The attempted dehydrogenation of 8-ionone with tetrachloro-1,2-benzoquinone yielded 
only polymeric material. To overcome this the corresponding propylene ketal was 
examined. In refluxing benzene much polymerisation occurred. However, the ultra- 
violet-light absorption of the recovered monomeric material indicated some dehydro- 
genation (<10%) to 4-(3-pseudocumyl)buten-2-one: 1 the protecting group had been 
lost, presumably under the influence of traces of hydrogen chloride which are usually 
formed during reactions with the quinone." When the dichlorodicyanoquinone (V) was 
used the proportion of dehydrogenated material in the monomeric fraction increased 
to 19%. Again the product was the ketone rather than the ketal. In contrast, dehydro- 
8-ionone was rapidly dehydrogenated by tetrachloro-1,2-benzoquinone to the aryl ketone, 
which was isolated as its 2,4-dinitrophenylhydrazone. This ease of reaction is, of course, 
a consequence of the cyclohexa-1,3-diene structure of dehydro-8-ionone. §-Ionone itself 
resembles cyclohexene in its reactivity, the unsaturated side chain adding little to the 
stabilisation of the intermediate carbonium ion because of the steric inhibition of resonance 
in this system.’ The detailed results of these experiments are presented in Table 1. 


TABLE 1. Dehydrogenation of B-ionone and related compounds in benzene at 80°. 


Quinone and Recovered Dehydrogn. 
Compound and concn. concn. Time (%) (%) 


B-Ionone 0-50m (III) 1-10m 20 hr. 0 
B-Ionone propylene ketal 0-36m (V) 0-72m 2 hr. 19 
o o on (III) 1-16 20 hr. f <10 

” ” ” ‘ (III) 1-32m 20 hr. é <10 
Dehydro-f-ionone 2 (III) 0-26m 2 min. 5 87 
” (III) 0-15m 10 min. y 84 


The dehydrogenation of 1,5,5-trimethyl-3-methylenecyclohexene was described in a 
preliminary note ® although at that time the compound was believed to be the homo- 
annular isomer. The conversion of the diene into isodurene is rather involved as it 
requires a prototropic shift as well as a Wagner—Meerwein rearrangement. Dichloro- 
dicyanoquinone reacted rapidly at room temperature with the diene, but isodurene 
(1,2,3,5-tetramethylbenzene) was only a minor product. The major product was a pale 
yellow solid decomposing at 165°, which analysis indicated was a 1:1 adduct derived 
from the two reactants. Its infrared spectrum possessed no hydroxyl absorption but had 
bands at 2254 (C=N) and 1695 cm. (C=O). These, together with the ultraviolet-light 
absorption [Amax, 2500 A (¢ 7500)], suggest that the compound is a normal Diels—Alder adduct 
in which the side of addition to the quinone is uncertain. This result is in accord with the 
fact that the diene readily forms an adduct with maleic anhydride (see below) and with 
the very high reactivity with dienes shown by cyano-quinones. The use of tetrachloro- 
1,2-benzoquinone increased the yield of isodurene, but again there was, as by-product, a 

® Braude, Brook, and Linstead, J., 1954, 3569. 

10 Lowe, Torto, and Weedon, J., 1958, 1855. 


11 Braude, Linstead, and Wooldridge, ]., 1956, 3070. 
12 Braude, Jones, Koch, Richardson, Sondheimer, and Toogood, J., 1949, 1890. 
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crystalline 1:1 adduct, whose ultraviolet spectrum is very similar to that of the adduct 
(VI) prepared by Horner and Merz from the quinone and #rans-stilbene.4* Neither adduct 
shows a carbonyl stretching band in the infrared spectrum but both have an intense band 
near 1425 cm.1, apparently a C-O stretching frequency. As the compound yields no 
formaldehyde on ozonolysis, its structure is most probably (VII) although alternative 
structures arising from the isomeric homoannular diene cannot be excluded. Tetra- 
chlorodiphenoquinone (IV), which, although less reactive than the other two quinones, 
js not as prone to side reactions, gave the highest yield of isodurene. Chloranil was the 
least reactive. These results are summarised in Table 2. 

Experiments on the dehydrogenation of seven 1,l-disubstituted tetralins by tetra- 
chloro-1,2-benzoquinone are recorded in Table 3. From that with 1,1,6-trimethyltetralin 
a small quantity (2%) of a by-product was recovered with the expected trimethyl- 
naphthalene. The same compound was obtained when 1,2,6-trimethylnaphthalene was 
heated with the quinone in benzene, and analytical and spectroscopic data indicated that 
it was a hexamethylbinaphthyl. Naphthalene itself under similar conditions gives 1% 
of 2,2’-binaphthyl. The dehydrogenation of 1,1-diethyl- and 1,1-di-isopropyl-tetralin 


a 
C1 
= i | 

c1 ° (VIL) 


led to the hitherto unknown 1,2-diethyl- and 1,2-di-isopropyl-naphthalene. 1,2-Di- 
isopropylnaphthalene is noteworthy in that it does not yield solid complexes with picric 
acid, styphnic acid, or 2,4,7-trinitrofluorenone. 1-Methyl-l-phenyltetralin underwent 
phenyl migration exclusively, the sole product being 1-methyl-2-phenylnaphthalene. 


TABLE 2. Dehydrogenation of 1,5,5-trimethyl-3-methylenecyclohexene in benzene. 


Concn. (mM) of Quinone and Time Recovered Isodurene By-product 
diene concn. (M) Temp. (hr.) (% (%) (%) 
0-68 (V) 0-81 20° 0-17 62 9 91 
1-84 (III) 2-03 20 0-17 92 35 22 
0-17 (IV) 0-21 80 ; 4 90 55 _ 
0-40 Chloranil 0-43 80 20 91 0 — 


TABLE 3. Dehydrogenation of 1,1-disubstituted tetralins in benzene at 80° (reaction 
time, 20 hr.). 


Quinone and Recovered Dehydrogn. 
Tetralin and concn. (M) concn. (M) hydrocarbon (%) %) 
1,1-Me, 34 
12 
48 
84¢ 
40 
57 
4 56 
Ph, . ; D § 47 
-l-spirocyclopentane 0-31 : 50 
-l-spirocyclohexane 0-26 . 63 


The reaction of tetralin-1,1-spirocyclopentane with four molecular equivalents of tetra- 
chloro-1,2-benzoquinone resulted in rearrangement and complete dehydrogenation to 
phenanthrene. The spirocyclohexane, on the other hand, rearranged to 1,2-cyclohepteno- 
naphthalene but no further unsaturation was introduced into the seven-membered ring. 
This is a consequence of a steric factor which is elaborated in the following paper. 


13 Horner and Merz, Annalen, 1950, 570, 89. 
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Indane reacted smoothly with dichlorodicyanoquinone (V), to yield indene which was 
isolated as its bromohydrin. Extension of this reaction to 2,2-dimethylindane did not 
yield the expected 1,2-dimethylindene, but instead gave a colourless crystalline compound, 
which from its analysis appeared to be a bis(dimethylindanyl) ether formed from the 
corresponding quinol. The infrared spectrum showed bands at 2239 (C=N) and 1401 cm 
(ether) and a doublet at 1383 and 1357 cm.“ (CMe,). There were no bands Corresponding 
to OH, C=O or CMe. The compound therefore has structure (IX) and presumably arises 
from the monoether (VIII). That in this system the intermediate ion-pair collapses to 
the ether rather than rearranging and undergoing elimination is probably a consequence 
of the planar nature of the cyclopentene ring which precludes the ideal orientation of 
leaving and migrating groups. 

The octahydro-octamethylanthracene (X) was inert under conditions where all the 
tetralins reacted with tetrachloro-1,2-benzoquinone. This establishes the point that the 
reaction commences by attack at benzylic or allylic hydrogen atoms. 

Attempts to extend the rearrangement to acyclic systems failed, owing to a conform- 
ational effect discussed in the following paper. Both 1,1,1-triphenylethane and 1,1,1,2- 
tetraphenylethane were recovered unchanged after being heated with dichlorodicyano- 
quinone in benzene at 80° for 160 hours. 


cl Cl Cl Cl. OH 
o-< oH oX< jo ci(7 Yen 
2 —_> + 
NC CN NC CN cl CN 
OH 
(VIII) (IX) 


In summary, a number of simple “ blocked”’ hydroaromatic systems are readily 
dehydrogenated by quinones to rearranged aromatic structures but the reaction is limited 
by steric effects and electronic activation. 

Preparations.—Attempts to form the ethylene ketal of B-ionone gave a product, whose 
ultraviolet absorption was that of an impure trienol ether rather than of the expected ketal. 
However, propylene glycol reacted smoothly with $-ionone to give the desired propylene 


ketal. 


(X) (XI) (XII) 


In the preliminary communication ® the dehydrogenation to isodurene of a diene 
believed at the time to be 1,3,5,5-tetramethylcyclohexa-1,3-diene (XI) was described. 
The diene was prepared by the action of methylmagnesium iodide on isophorone followed 
by dehydration as described by Kharasch and Tawney," who assigned structure (XI) to it 
because of the ease with which it formed as adduct with maleic anhydride. Wheeler's 
recent observations © indicate that it is in fact 1,5,5-trimethyl-3-methylenecyclohexene 
(XII). We agree with Wheeler’s structure which is based on the infrared and ultraviolet 
absorption and the formation of formaldehyde on ozonolysis. We do not, however, 
concur with his statement that the diene forms a maleic anhydride adduct only under the 
influence of acid, for we obtained it by using purified maleic anhydride in refluxing benzene. 
The adduct itself appears to be normal. It gives no formaldehyde on ozonolysis and its 
infrared spectrum is very similar to that of the corresponding adduct of cyclo- 
hexa-1,3-diene. 

1,1-Disubstituted tetralins (XIV) were prepared by the method of Perlman et al." 

4 Kharasch and Tawney, J. Amer. Chem. Soc., 1941, 68, 2308. 


15 Wheeler, J. Org. Chem., 1955, 20, 1672. 
© Perlman, Davidson, and Bogert, J. Org. Chem., 1937, 1, 300. 
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This proved effective for a number of compounds including the corresponding spirocyclo- 
pentane and -hexane derivatives. Preservation of the quaternary carbon atom during 
cyclisation was confirmed for each example by oxidation to the corresponding «-substituted 
homophthalic acid. Two alcohols failed to undergo cyclodehydration. The di-t-butyl 


HOR R’ RR’ 
sor + 


(XIII) (XIV) 


MgBr 


OU 


alcohol (XIII; R = R’ = Bu‘) gave an uncyclised hydrocarbon which yielded benzoic 
acid on oxidation and, from its infrared spectrum, appeared not to possess a terminal 
methylene group. The carbonium-ion intermediate derived from this alcohol will possess 
considerable strain energy!’ which will be increased on cyclisation. Presumably the 
steric strain in the ion can be partially relieved by elimination, to afford the open-chain 
olefin (XV). 1,1-Di-p-methoxyphenyl-4-phenylbutan-l-ol could not be induced to 
undergo cyclodehydration but instead yielded, under a variety of conditions, an olefin 


(XV) Ph-[CH,],*CH=CBut, Ph[CH,],*CH=C(C,Hy'OMe), (XVI) 


which from its analysis and light absorption was the triarylbut-l-ene (XVI). The course 
of this reaction is probably due to the greatly reduced electrophilic character of the inter- 
mediate di-/-methoxyphenylmethyl ion. An £, elimination is preferred to electrophilic 
attack on the phenyl group. Alternatively, one may regard the failure to cyclise as a 
consequence of a complete lack of phenyl participation (Ar,-5 or Ar,-6) 18 in the forward 
step of the equilibrium ROH,* == R* +- H,O. 

The octahydro-octamethylanthracene (X) was prepared by the method of Bruson and 
Kroeger,!® and 2,2-dimethylindane by Wolff-Kishner reduction of 2,2-dimethylindan-1-one. 


EXPERIMENTAL 


Microanalyses were carried out in the Microanalytical Laboratory (Miss J. Cuckney) and 
ultraviolet and infrared spectra were measured in the Spectrographic Laboratory (Mrs. A. I. 
Boston and Mr. R. L. Erskine) of this Department. Unless otherwise stated, ultraviolet 
spectra refer to ethanol solutions. 

Preparation of Quinones.—Tetrachloro-1,2-benzoquinone was obtained from Messrs. Hopkin 
and Williams Ltd. 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone was prepared by Brook’s 
method,”° and 3,3’,5,5’-tetrachloro-4,4’-diphenoquinone by that described in Part XI. 

Reaction of ®-Ionone with Ethylene Glycol_—f-Ionone (20 g.), ethylene glycol (20 ml.), 
toluene-p-sulphonic acid (0-3 g.), and dry toluene (200 ml.) were refluxed and the water formed 
was removed in a Dean and Stark apparatus. After 6 hr. the mixture was washed with saturated 
sodium hydrogen carbonate solution, followed by water. The solvent was removed from the 
dried (Na,SO,) solution, and the residue distilled. The product (10 g., 43%), b. p. 80°/0-5 mm., 
n,*° 14985 (Found: C, 76-5; H, 10-3. C,,H,O, requires C, 76-3; H, 10-2%) had Aggy 2260 
(c 9440) and 2790 A (e 2830). The infrared spectrum had no OH stretching band. 

B-Ionone Propylene Ketal_—This was prepared in 85% yield by the method of Bachli and 
Schinz.*! The redistilled material had b. p. 71°/0-06 mm., 7,” 1-4889, Amax, 2370 A (e 8400). 

1,5,5-Trimethyl-3-methylenecyclohexene.—The diene was prepared in 84% yield from 
isophorone by Wheeler’s method."* The redistilled product had b. p. 59—61°/18 mm., 


1” Brown et al., J. Amer. Chem. Soc., 1953, 75, 1. 
%* Heck and Winstein, J. Amer. Chem. Soc., 1957, 79, 3105, 3114. 
#” Bruson and Kroeger, J. Amer. Chem. Soc., 1940, 62, 36. 

*” Brook, J., 1952, 5040. 

*t Bachli and Schinz, Helv. Chim. Acta, 1951, 34, 1160. 
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1-4706, Amax. 2350 A (e 11,000). The spectrum was unchanged at 80° and in the presence of 
acetic acid (2% v/v) at 24° and 80°. 

1,5,5-Tvimethyl-3-methylenecyclohexene.—Maleic anhydride adduct. Pure maleic anhydride 
(1-38 g.; m. p. 54°) and the diene (1-90 g.) in dry benzene (3-5 ml.) were refluxed for 30 min. by 
which time the yellow colour had faded. Next morning, cooling at — 40° induced crystallisation 
of the adduct as colourless prisms (1-44 g., 44%), m. p. 98—99° (Found: C, 71-7; H, 7:8. 
Calc. for C,gH,,0,: C, 71-8; H, 7-7%). The infrared spectrum of the adduct in chloroform 
had strong bands at 1852, 1770, 1078, 949, and 920 cm."1, which may be compared with the 
spectrum of the maleic anhydride adduct of cyclohexa-1,3-diene (strong bands at 1838, 1773, 
1083, 950, and 911 cm."}). 

Ionene.—This hydrocarbon was prepared in 53% yield from @-ionone by the method of 
Bogert and Fourman.* The redistilled product had b. p. 246—248°, m7" 1-5239, Anax 2160 
(c 9050), 2690 (c 660), and 2780 A (e 660). 

1,1-Disubstituted Tetralins.—These compounds were prepared by the general method used 
by Bogert and his co-workers 123 which is here described for 1,1-diethyltetralin. 

3-Phenylpropyl bromide (94 g.) was added slowly to a stirred mixture of magnesium turnings 
(12-0 g.) and ether (100 ml.). When the reaction was complete, dry diethyl ketone (42 g.) was 
added dropwise to the cooled and stirred solution. The mixture was refluxed for 5 hr., kept 
at room temperature overnight, and then decomposed with ice and dilute hydrochloric acid, 
The product was extracted with ether, dried (Na,SO,), and distilled to give the crude alcohol 
(71 g., 73%), b. p. 118—124°/0-8 mm. 

The alcohol (71 g.) was slowly added with stirring to 85% sulphuric acid (150 ml.), cooled 
by ice. Then stirring was continued for a further 20 min. and the mixture extracted with light 
petroleum (b. p. 60—80°). The extract was washed with 85% sulphuric acid, water, and sodium 
carbonate solution. Removal of the solvent from the dried (Na,SO,) extract and distillation 
of the residue from sodium afforded 1,1-diethyltetralin (38 g.). 

Yields, physical constants, and analytical data of compounds prepared by this method are 
given in Table 4. 


TABLE 4. 1,1-Disubstituted letralins. 











Alcohols (XIII) Tetralins (XIV) 

or —  A —— — | es ee A —— 

Yield Yield Found (%) Reqd. (%) 

Subst. B. p./mm. mp” (%) B.p./mm. mp” (%) Cc H Cc H 
R= R’=Me* ... 100—103°/0-3 11-5046 75 40°/0-04 15278 50 90-2 10:3 90-0 10-0 
R= R’ = Et ...... 118—124°/0-8 -- 73 68°/0-3 15286 58 89-6 10-4 89-4 106 
R = R’ = Pr ....... 124—128°/0-1 1-5100 58 80°/0-03 1-5251 76 889 11-2 889 11-1 
R= Me; R’= Ph 210—212°/0-:05 1-5646 35 100°/1 15872 66 91:8 84 91:9 81 
R = R’ = Ph ....... 199—204°/0-7  1-6056 25 M.p.125° — 45 93:0 73 93:0 71 
-spirocyclopentane * 120°/0-5 1-5248 42 86°/0-7 15545 80 — _—_-_ —_—_ — 
-spirocyclohexane * 133°/0-2 15288 29 103°/0-1 1-5547 83 89-8 10-1 90-0 10-0 


* Known compounds. 


Attempted Preparation of 1,1-Di-t-butylietralin.—To a stirred solution of the Grignard reagent 
from 3-phenylpropyl bromide (80 g.) in ether (200 ml.) was added di-t-butyl ketone ** (60 g.) 
in anhydrous toluene (250 ml.). The ether was removed and the toluene solution refluxed for 
15 hr. Working-up yielded an oil which gave fractions (a) b. p. 60—62°/12 mm., ,”* 1-4578 
(50 g.), (b) b. p. 40°/1-5 mm., solid (5 g.), (c) b. p. 90—95°/1-5 mm., m,,** 1-5167 (12 g.), and 
(d) b. p. 120—130°, n,** 1-5210 (8 g.). 

Fraction (d) (8 g.) was treated with 85% sulphuric acid and worked up as above, to yield 
an oil (4-0 g.), b. p. 120—126°/1-0 mm., ,,”* 1-5231 (Found: C, 88-8; H, 10-9. C,,H,, requires 
C, 88-6; H, 11-4%). This hydrocarbon showed only very weak absorption at 901 cm. and 
therefore did not contain a terminal methylene group. 

A solution of the hydrocarbon (1 g.) in glacial acetic acid (20 ml.) was slowly added to a 
refluxing solution of chromium trioxide (10 g.) in acetic acid (10 ml.) and water (10 ml.). 
Refluxing was continued for 1 hr. and the solution was then cooled and diluted with water 


22 Bogert and Fourman, J. Amer. Chem. Soc., 1933, 55, 4670. 
*8 Bogert, Davidson, and Apfelbaum, J. Amer. Chem. Soc., 1934, 56, 959. 
#4 Whitmore and Stahly, J. Amer. Chem. Soc., 1933, 55, 4153. 
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(100 ml.). The aqueous solution was extracted with chloroform, and benzoic acid (0-46 g., 
92%), m. p. and mixed m. p. 119—121°, was obtained on removal of the chloroform. 

Attempted Preparation of 1,1-Di-p-methoxyphenyltetralin.—A suspension of 4,4’-dimethoxy- 
benzophenone (90 g.) in ether (400 ml.) was added to a solution of 3-phenylpropylmagnesium 
bromide (from 90 g. of the bromide) in ether (200 ml.), and the mixture was stirred and refluxed 
for 10 hr., cooled, decomposed with ice and dilute hydrochloric acid, and filtered to remove 
unchanged ketone (70 g.). The ethereal layer was separated, dried (Na,SO,), and evaporated. 
The semi-solid residue had b. p. >220°/0-3 mm., and was used in the next stage without further 
purification. 

The crude alcohol was treated with 85% sulphuric acid (150 ml.) at 0° and worked up as in 
the previous experiments to yield a solid (15 g.), m. p. 60—63°, which on recrystallisation from 
hexane afforded pure 1,1-di-p-methoxyphenyl-4-phenylbut-l-ene as colourless needles, m. p. 
64°, Amax. 2100 (c 41,400), 2480 (c 21,000), Aina, 2630 A (e 19,000) (Found: C, 83-8; H, 7-1. 
C,,H,,O, requires C, 83-7; H, 7-0%). 

Attempts to effect cyclisation under various acidic conditions included the use of 85% 
sulphuric acid for 44 hr. at 25°, sulphuric in acetic acid (0-1 g./ml.) for 44 hr., and perchloric 
acid in acetic acid (0-1 ml./ml.) for 12 days, but the only recovered hydrocarbon was the 
above olefin. 

Oxidation of 1,1-Di-isopropyltetralin.—Chromium trioxide (20 g.) in acetic acid (10 ml.) and 
water (10 ml.) was slowly added to a refluxing solution of 1,1-di-isopropyltetralin (4-0 g.) in 
acetic acid (80 ml.)._ A vigorous reaction ensued and the mixture was refluxed for l hr. After 
removal of much of the solvent (80 ml.) under reduced pressure the residue was treated with 
water (250 ml.) and extracted with chloroform. The chloroform solution was washed with 
water and dried (Na,SO,) and the solvent removed. The residual oil was treated with sodium 
hydroxide (4 g.) and hydrogen peroxide (100-vol.; 40 ml.). The cooled solution was acidified to 
Congo Red with 50% sulphuric acid, and the precipitated acid filtered off. The crude acid, m. p. 
135—145°, rapidly became gummy and an analytically pure specimen could not be obtained. 

A solution of the crude acid (0-10 g.) in 2N-sodium hydroxide was made just acid to litmus 
and treated with 4-phenylphenacyl bromide (0-30 g.) in ethanol, to yield di-4-phenylphenacyl 
ax-di-tsopropylhomophthalate, m. p. 111—112° (from ethanol) (Found: C, 78-5; H, 6-2. Cy,;H49O, 
requires C, 79-1; H, 6-1%). 

Oxidation of 1,1-Diphenyltetralin.—1,1-Diphenyltetralin (0-6 g.) was refluxed with a solution 
of chromium trioxide (3 g.) in glacial acetic acid (18 ml.) and water (6 ml.) for 1 hr. Part of 
the solvent (12 ml.) was removed and the residue diluted with water (60 ml.). The solution 
was extracted with ether. The extract was dried (Na,SO,) and evaporated. The residue was 
taken up in ethanol and reprecipitated with water. The crude material was digested with a 
little hot ethanol, filtered off, and crystallised from glacial acetic acid containing a trace of 
sulphuric acid. In this way aa-diphenylhomophthalic anhydride (0-3 g.) was obtained as 
colourless crystals, m. p. 228——229° (lit.,25 m. p. 227—-228°) (Found: C, 79-9; H, 4-6. Calc. 
for C,,H,,0O,: C, 80-2; H, 45%). 

Synthesis of 2,2-Dimethylindane.—(i) 2-Methylindan-1-one. The preparation of this ketone 
and of the dimethyl-ketone have been recorded by Haller and Bauer ** without experimental 
details. 

A solution of indan-l-one *’ (55 g.) in dry toluene (100 ml.) was added cautiously to a stirred 
and refluxing suspension of sodamide (18 g.) in toluene (200 ml.) under nitrogen. The mixture 
was then refluxed for 1 hr., cooled, treated slowly with dimethyl sulphate (80 g.), refluxed for 
30 min., and kept at room temperature overnight. A solution of ammonia (d 0-88; 50 ml.) in 
water (100 ml.) was added to the mixture. After 2 hours’ stirring, the organic layer was 
removed and the aqueous layer extracted with benzene. The combined extracts were washed 
with dilute hydrochloric acid and evaporated. Distillation of the residue afforded 2-methyl- 
indan-l-one (8-5 g., 15%), b. p. 86—92°/2 mm. 

(ii) 2,2-Dimethylindan-l-one. 2-Methylindanone (8-5 g.) was methylated as in the preceding 
experiment. The crude product was chromatographed on alumina and eluted with hexane- 
benzene (1:1). Distillation of the eluate gave 2,2-dimethylindan-l-one (2-8 g., 30%), b. p. 
56°/0-02 mm., n,?* 1-5394 (Found: C, 82-5; H, 7-6. Calc. for C,,H,,0: C, 82-5; H, 7-5%). 

* Koelsch and Le Claire, J. Org. Chem., 1941, 6, 516. 


* Haller and Bauer, Compt. rend., 1910, 150, 1472. 
* Fieser and Hershberg, J. Amer. Chem. Soc., 1939, 61, 1272. 
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(iii) 2,2-Dimethylindane. 2,2-Dimethylindanone (2-5 g.), potassium hydroxide (4-0 g), 
100% hydrazine hydrate (3 ml.), and diethylene glycol (30 ml.) were refluxed for 2 hr., then 
distilled until the temperature of the residue was 200°. The distillate was diluted with water 
and extracted with ether. The solvent was removed from the dried (Na,SO,) extract and the 
residue distilled, to afford 2,2-dimethylindane (1-0 g., 44%), b. p. 80°/16 mm., ,,** 1-5144 (Found: 
C, 90-3; H, 9-7. C,,H,, requires C, 90-4; H, 9-6%). 

1,2,3,4,5,6,7,8-Octahydro-1,1,4,4,5,5,8,8-octamethylanthracene.—This hydrocarbon, m. p, 
218°, was synthesised in an overall 11% yield from 2,5-dimethylhex-3-yne-2,5-diol by the 
method of Bruson and Kroeger.!® 

Dehydrogenation.—General method. The substrate and quinone were heated in a solvent, 
usually benzene, then diluted with light petroleum (b. p. 40—60°) and filtered to remove the 
precipitated quinol. Chromatography of the filtrate over alumina and elution with benzene 
removed excess of quinone and any unprecipitated quinol and afforded the product of the 
dehydrogenation. Reactions with dichlorodicyanobenzoquinone (V) were generally carried 
out in sealed tubes to prevent hydrolysis of the quinone; with this quinone precipitation 
of the quinol from benzene is quantitative and provides a useful guide to the extent of 
reaction. 

Reaction of the Quinone (III).—(a) B-Ionone. A solution of 8-ionone (1-92 g.) and tetra- 
chloro-1,2-benzoquinone (5-25 g.) in benzene (20 ml.) was refluxed for 20 hr. Chromatography 
yielded fractions (a), a yellow viscous oil (0-60 g.), Aina. 2280 (e¢ 12,000), Amax, 2940 A (e 1600), 
and (b) a red viscous oil (0-93 g.), Aina. 2300 (c 7900) and 2940 A (e 2260). Neither fraction 
corresponded to 4-(3-pseudocumyl)but-3-en-2-one, Amex, 2850 A (c 9400). 

(b) 6-Ionone propylene ketal. A solution of the ketal (9-05 g.) and the quinone (20-0 g.) in 
benzene (70 ml.) was refluxed for 20 hr., yielding an oil (4-0 g., 58%) which had Aggy 2850 A 
(ec 1410) and therefore contained >10% of 4-(3-pseudocumy]) but-3-en-2-one. 

(c) Dehydro-B-ionone. A solution of the quinone (IX) (1-25 g.) in benzene (3 ml.) was mixed 
with dehydro-8-ionone (0-95 g.) (for which we thank Dr. O. Isler) in benzene (0-5 ml.). The 
mixture became warm and dark. After 2 min. the colour faded to pale red. The reaction 
afforded an Oil, Amax, 2850 A (e 8300), which contained 84% of 4-(3-pseudocumy])but-3-en-2-one 
(2,4-dinitrophenylhydrazone,” m. p. and mixed m. p. 154°). 

(2) 1,5,5-Trimethyl-3-methylenecyclohexene. The diene (2-49 g.) was added to tetrachloro- 
1,2-benzoquinone (5-0 g.) in benzene (10 ml.) at room temperature. The solution became hot 
and the benzene boiled. After 2 min. the reaction subsided and, on cooling, the dark green 
solution deposited crystalline tetrachlorocatechol (1-0 g., 22%) which was filtered off. Chroma- 
tography of the filtrate gave a semisolid mixture. Some liquid was separated by decantation 
and the residue was triturated with light petroleum. The solid thus obtained crystallised 
from ethanol, to give a colourless adduct (1-42 g.), m. p. 149—150° (Found: C, 50-0; H, 4-4; 
Cl, 37-3. C,.H,,0,Cl, requires C, 50-3; H, 4:2; Cl, 37-2%), Amax. 2190 (e 77,000) and 3040 A 
(ec 3300), Aina. 2340 (ec 14,400). The infrared spectrum had no band corresponding to OH 
stretching but had a very strong band at 1428 cm.!; a similar band (1422 cm.“) characterised 
the spectrum of 5,6,7,8-tetrachloro-2,5-diphenyl-1,4-benzodioxin prepared from the quinone 
and trans-stilbene.4* Ozonolysis of the adduct at —40° produced no formaldehyde. 

The liquid decanted from the adduct was distilled, to give material (0-81 g.), b. p. 88°/18 
mm., #,2* 1-5103, Amex. 2170 (¢ 9000) and 2700 A (e 335) (Found: C, 89-2; H, 10-6. Calc. for 
CyoH,,: C, 89-5; H, 10-56%). The distillate (100 mg.) was shaken with concentrated sulphuric 
acid (0-4 g.) for 10 min., and then poured on ice (0-5 g.)._ The crystals (0-120 g.) obtained were 
dissolved in water (2 ml.), and hydrogen chloride was bubbled through the solution. White 
crystals separated and were filtered off. After drying in air, the crystals had m. p. 79—80° 
undepressed on admixture with isodurenesulphonic acid hydrate. 

The recovered material (92%) therefore contained isodurene (35%) and an adduct (22%). 

(e) 1,1-Disubstituted tetralins. These experiments were carried out by the general method, 
the concentrations shown in Table 3 being used. The yields given in Table 3 were determined 
spectrotroscopically. The characterisation of the products is given below. 

(i) 1,1-Dimethyltetralin afforded 1,2-dimethylnaphthalene (picrate, m. p. 129°). 

(ii) 1,1-Diethyltetralin gave 1,2-diethylnaphthalene, b. p. 95—97°/0-5 mm., m,,** 15794, Amex. 
2290 (c 92,000), 2740 (c 13,000), and 2820 A (e 18,000) (Found: C, 90-9; H,9-0. C,H, requires 
C, 91-3; H, 8°7%), isolated as its orange-red picrate (from ethanol), m. p. 107—108° (Found: 
C, 57-9; H, 4:7; N, 9-8. C,,H,,.,C,H,O,N, requires C, 58-1; H, 4-6; N, 10-2%). Arnold and 
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(iii) 1,1-Di-isopropyltetralin gave a product whence repeated distillation afforded 1,2-di- 
isopropylnaphthalene, b. p. 90°/0-8 mm., 1," 1-5640, Amex. 2250 (¢ 61,400) and 2600 A (e 5500) 
(Found: C, 90-5; H, 9-7. C,H requires C, 90-6; H, 9-4%). 

(iv) 1-Methyl-1-phenyltetralin afforded an oil from which crude 1-methyl-2-phenyl- 
naphthalene, m. p. 79—84°, separated. Two recrystallisation from ethanol gave the pure 
hydrocarbon,** m. p. 85°, Amax. 2170 (¢ 41,500), 2310 (¢ 46,000), 2400 (e 46,000), 2770 (e 7600), 
and 2850 A (e 7600) (Found: C, 93-2; H, 6-6. Calc. for C,,H,,: C, 93-5; H, 65%). Fraction- 
ation of the residual oil yielded a further quantity of the naphthalene and 1-methyl-1-phenyl- 
tetralin, b. p. 105°/2 mm., 7, 1-5854. 

1-Methyl-2-phenylnaphthalene (0-1 g.) and picric acid (0-15 g.), dissolved in hot ethanol 
and left overnight, afforded the picrate as orange-red needles, m. p. 89-5—90-5° (from ethanol) 
(Found: C, 61-5; H, 3-9; N, 94. C,,H,,,CgsH,O,N, requires C, 61-7; H, 3-8; N, 9-4%). 

1-Methyl-2-phenylnaphthalene (0-182 g.) and picric acid (0-01 g.) similarly gave a hemi- 
picrate,*® m. p. 84—85° (Found: C, 71-8; H, 4-9; N, 6-2. Calc. for 2C,,H,,,C,H,O,N,: C, 72-2; 
H, 4:7; N, 6-3%). 

(v) 1,1-Diphenyltetralin yielded 1,2-diphenylnaphthalene, m. p. 95—119°, from which the 
pure hydrocarbon,** m. p. 114°, Amax, 2300 (¢ 28,000), 2420 (c 39,000) and 2870 A (e 8400), was 
obtained by way of its picrate, m. p. 146°. 

(vi) Tetralin-1,1-spirocyclopentane yielded a semisolid product from which phenanthrene 
was isolated as its picrate, m. p. 140°. 

(vii) Tetralin-1,l-spirocyclohexane gave 1,2-cycloheptenonaphthalene, a liquid, Amex, 2300 
(c 86,000) and 2860 A (c 5880) (Found: C, 91-3; H, 8-3. C,,;Hy. requires C, 91-8; H, 8-2%), 
isolated as its picrate, m. p. 108° (Found: C, 59-1; H, 4-5; N, 10-2. C,,H,,0,N, requires 
C, 59-3; H, 4-5; N, 9-9%). 

(f) Ionene. Ionene (1-92 g.) and tetrachloro-1,2-benzoquinone (5-77 g.) in benzene (20 ml.) 
were refluxed for 20hr. They gave an oil (1-80 g.) which was dissolved in the minimum quantity 
of hot acetic acid. After 3 days at 0° the crystalline deposit was filtered off. It (0-035 g., 
24%) was a 1,1’,2,2’,6,6’-hexamethylbinaphthyl, m. p. 199°, Amax, 2300 (c 146,000) and 2880 
(e 12,600) [Found: C, 91-2; H, 7:8%; M (Rast), 299. C,,H.,. requires C, 92-3; H, 7-7%; 
M, 338]. The acetic acid mother-liquors were diluted with water and extracted with ether. 
Removal of the solvent from the dried (K,CO,) extract afforded crude 1,2,6-trimethyl- 
naphthalene (1-50 g.), Amax, 2300 (¢ 47,000) and 2800 A (e 3100), containing 61% of the 
naphthalene. The pure hydrocarbon was isolated by way of its picrate, m. p. 121°, and had 
Imax. 2300 (¢ 76,500) and 2800 A (ec 5100). 

Naphthalene. A solution of naphthalene (2-02 g.) and _ tetrachloro-1,2-benzoquinone 
(2-02 g.) in dry benzene (20 ml.) was refluxed for 20 hr. Chromatography over alumina then 
yielded 2,2’-binaphthyl (1 mg.), m. p. 187° (lit.,34 m. p. 187—188°). 

(g) 1,2,3,4,5,6,7,8-Octahydro-1,1,4,4,5,5,8,8-oclamethylanthracene. ‘The hydrocarbon (0-50 g.) 
tetrachloro-1,2-benzoquinone (1-9 g.), and benzene (4 ml.), refluxed for 20 hr., afforded the 
original hydrocarbon (0-49 g.), m. p. and mixed m. p. 218°. 

Reaction of the Quinone (IV) with 1,5,5-Trimethyl-3-methylenecyclohexene.—The diene (1-66 g.), 
quinone (4-7 g.), and benzene (70 ml.) were refluxed for 4 hr., yielding the quinol (2-0 g., 42%) 
and an oil (1-48 g.) from which isodurene (0-81 g., 50%), Amax, 2150 (¢ 7700) and 2640 A (e 580), 
was isolated by fractional distillation. 

Reaction of 1,5,5-Trimethyl-3-methylenecyclohexene with Chlovanil_—The diene (6-42 g.), 
chloranil (12-8 g.), and benzene (120 ml.) were heated at 80° for 20 hr. Chloranil (10-5 g., 82%), 
m. p. 288—290°, and the diene (5-88 g., 91%), m,** 1-4690, Amax 2350 A (e 11,600), were recovered. 

Reactions of the Quinone (V).—(a) B-Ionone propylene ketal. The ketal (0-81 g.) and dichloro- 
dicyanobenzoquinone (1-6 g.) in anhydrous benzene (10 ml.), heated for 2 hr. at 80°, yielded the 
quinol (1-1 g., 69%), and an oil (0-30 g., 49%), Amax. 2850 A (ec 2630). On the assumption that 
the other constituent is the original ketal the oil contained 19% of 4-(3-pseudocumy))- 
but-3-en-2-one. ‘ 


*8 Arnold and Barnes, J. Amer. Chem. Soc., 1944, 66, 960. 
* Spring, J., 1934, 1332. 

* Crawford, J. Amer. Chem. Soc., 1939, 61, 608. 

* Chattaway and Lewis, J., 1895, 67, 879. 
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(b) Indane. Indane (0-80 g.) and dichlorodicyanobenzoquinone (1-68 g.) in dry benzene 
(7 ml.) were heated in a sealed tube for 4 hr. at 80°. The quinol (1-70 g., 100%) was removed 
by filtration and light petroleum (b. p. 40—60°; 50 ml.) added. The solution was chromato- 
graphed over alumina and most of the solvent removed from the eluate by fractionation through 
a 25 cm. helix-packed column. The residue was shaken with N-bromosuccinimide (1-23 g.), 
water (15 ml.), and acetic acid (0-1 ml.) for 24 hr. The organic layer was extracted with ether, 
and the ethereal solution washed with sodium hydrogen sulphite solution and water. Removal 
of the solvent from the dried (Na,SO,) extract afforded a solid (1-1 g.), m. p. 120—127°. 
Recrystallisation from aqueous methanol raised the m. p. to 128—130°, undepressed on 
admixture with indene bromohydrin. 

(c) 2,2-Dimethylindane. 2,2-Dimethylindane (0-76 g.) and the quinone (1-30 g.) in benzene 
(3 ml.) were heated at 80° for 2hr. The reaction gave the quinol (1-05 g.) and 2,3-dichloro-5,6- 
dicyanoquinol bis-(2,2-dimethylindan-l-yl) ether, colourless needles, m. p. 188°, Amax, 2280 
(c 9800) and 3300 A (e 1400) (Found: C, 69-5; H, 5-2; N, 5-3; Cl, 13-7. Cy oH,0,N,Cl, 
requires C, 69-6; H, 5-0; N, 5-4; Cl, 13-7%). The infrared spectrum (in CCl,) contained 
bands at 2239 (C=N), 1401vs (quinol ether), 1383 and 1357 cm.*! (CMe,), but none corresponding 
to OH, C=O, or CMe deformation. 

(d) 1,5,5-Trimethyl-3-methylenecyclohexene. The diene (1-85 g.) was added to a solution 
of the quinone (3-67 g.) in benzene (20 ml.). The solution became hot and dark brown. The 
quinol (0-3 g., 10%) was recovered from the benzene solution on cooling. On dilution with 
light petroleum (b. p. 40—60°; 100 ml.), concentration to a small volume (ca. 20 ml.), and 
further cooling, a solid (2-8 g.) separated which was filtered off. Chromatography of the 
filtrate in the usual way gave an oil which was distilled. The distillate (0-10 g.) had n,* 
1-5112, Amax. 2160 (e 8700) and 2680 A (e 340). 

The solid adduct recrystallised from ethanol as pale yellow prisms, decomp. 165°, Amax, 2190 
(ec 7000), 2230 (c 6400), and 2500 A (e 7500) (Found: C, 59-1; H, 4:7; N, 7-9; Cl, 194 
C,,H,,0,N,Cl, requires C, 59-5; H, 4:4; N, 7:7; Cl, 196%). The infrared spectrum had 
no absorption corresponding to OH stretching, but had bands at 2254 (C=N) and 1695 cm. 
(conjugated ketone). The recovered material (62%). therefore contained isodurene (9%) 
and an adduct (91%). 

(e) 1,1-Dimethyltetralin. The hydrocarbon (1-07 g.), quinone (3-36 g.), and benzene (14 ml.) 
were heated for 5 hr. at 80°, yielding the quinol (3-0 g., 102%) and oil (0-83 g., 78%) containing 
84% of 1,2-dimethylnaphthalene. 

(f) 1,1,2-Tri-%* and 1,1,2,2-tetra-phenylethane.** These compounds were recovered 
unchanged (mixed m. p.s) after being heated with the quinone in benzene for 20 and 160 hr. 
respectively. 


One of us (G.L.) thanks the Department of Scientific and Industrial Research for a 
Maintenance Grant. 
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625. Hydrogen Transfer. Part XIII. The Kinetics of Dehydrogen- 


ed 
0- ation of 1,i1-Disubstituted 1,2-Dihydronaphthalenes and Tetralins by 
. T etrachloro-| ,2-benzoquinone. 
Vr, By (the late) E. A. BraupE, L. M. Jackman, R. P. LINsTEAD, and G. Lowe. 
: The rates and Arrhenius parameters have been determined for the reaction 
= of tetrachloro-1,2-benzoquinone with tetralin and 1,1-dimethyltetralin. 
Several 1,1-disubstituted 1,2-dihydronaphthalenes have been synthesised 
- and the stoicheiometry and kinetics of their dehydrogenation by tetrachloro- 
6- 1,2-benzoquinone examined. The reaction of diphenylpicrylhydrazyl with 
80 1,1-dimethyl-1,2-dihydronaphthalene is described. The results are discussed 
‘1, in terms of steric and electronic factors and favour the two-step ionic 
ed mechanism previously postulated. 
ng THE concurrence of Wagner—Meerwein rearrangement and dehydrogenation by quinones 
of several hydroaromatic systems was described in the preceding paper. Ready rearrange- 
~ ments of this type are usually associated with reactions which may be formally represented 
th as involving carbonium-ion intermediates. In many cases the rearrangement is syn- 
nd chronous and the migration may actually be associated with a lowering of the activation 
he energy of the heterolysis.2 Radical intermediates, on the other hand, do not appear to 
3 rearrange with such ease.* There has not been a report of an alkyl migration. Aryl 
migrations, as in the Urry—Karasch rearrangement, occur after formation of the inter- 
90 mediate and possibly ® require activation energies of the order of 8 kcal. mole. It 
‘4. follows that information regarding the ease of rearrangement accompanying dehydrogen- 
" ation by quinones might establish more firmly the ionic character of the reaction. Accord- 
,) ingly, we have studied this type of reaction kinetically and the results are presented below. 
0 


The first example was dehydrogenation of 1,1-dimethyltetralin. Its initial stage leads 
1) to the dihydronaphthalene and is not concerned with rearrangement. Therefore, unless 
ng | the rearrangement step were rate-controlling, no direct information regarding the 
rearrangement would be obtained. As in fact the first stage remained rate-controlling 
further studies in the tetralin series were abandoned in favour of the corresponding 1,2-di- 
hr. hydronaphthalenes in which the rearrangement stage could be examined directly. 
1,1-Disubstituted 1,2-dihydronaphthalenes were unknown at the commencement of the 
investigation, but their synthesis from the tetralins was readily achieved. The tetralins 
were converted into the 4-bromo-derivatives by N-bromosuccinimide. Dehydrobromin- 
ation with pyridine gave only low yields of hydrocarbons, and use of dimethylaniline and 
concentrated ethanolic sodium ethoxide resulted solely in substitution. The most satis- 
factory method was treatment with solid sodium or potassium hydroxide at 145°. In this 
way the tetralins were converted into the dihydronaphthalenes in overall yields of 
5O—80%. 

The stoicheiometry of the dehydrogenations was checked and found to involve equi- 
molecular amounts of reactants. The kinetic measurements were carried out by a 
spectrometric technique described previously (method b of ref. 6). Phenetole was used as 
a solvent; it introduced a minor complication in the tetralin experiments in that a 
correction was needed for the rate at which tetrachloro-1,2-benzoquinone decomposed in 
it. The correction was almost negligible for most of the dihydronaphthalenes. 

In addition to the kinetic study, two other experiments of importance to the subsequent 





1 Part XII, preceding paper. 
? See Streitwieser, Chem. Rev., 1956, 56, 571, for a review. 
* Henbest, Ann. Reports, 1956, 58, 152. 

* my ~—"y “ The Reactive Intermediates of Organic Chemistry,’’ Interscience Publ. Inc., New York, 
, p. 32. 

® Seubold, J. Amer. Chem. Soc., 1953, 75, 2532. 

* Braude, Jackman, Linstead, and Shannon, J., 3116. 
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discussion were performed. It was shown that benzocycloheptene was not dehydrogenated 
by tetrachloro-1,2-benzoquinone in conditions where tetralin reacts completely; also that 
the stable readical, diphenylpicrylhydrazyl, does not convert 1,2-dihydro-1,1-dimethy|- 
naphthalene into 1,2-dimethylnaphthalene although it readily dehydrogenates 1,2-dj- 
hydronaphthalene.’ 


EXPERIMENTAL 
For general remarks see Part XII. 


Synthesis of 1,1-Disubstituted 1,2-Dihydronaphthalenes.—The general method is described for 
1,2-dihydro-1,1-dimethylnaphthalene. 

1,1-Dimethyltetralin (12 g.), benzoyl peroxide (0-2 g.), N-bromosuccinimide (16 g.), and 
carbon tetrachloride (250 ml.) were heated under reflux for 20 min., then cooled and filtered, 
Removal of the solvent gave a residue (25 g.) which was heated with finely ground sodium 
hydroxide (50 g.) for 2 hr. at 140—150°. The cooled mixture was extracted with ether. After 
removal of the solvent this residue was twice distilled from sodium, to give 1,2-dihydro-1,1-di- 
methylnaphthalene (8-2 g., 69%) (Table 1). Other compounds prepared by the same method are 
listed in Table 1. 


TABLE 1. 1,1-Disubstituted 1,2-dihydronaphthalenes. 


Yield Found (%) Reqd. (%) 

Subst. (%) B. p./mm. np max. (A) (e) Cc H Formula C H 
Me, 69 50—51°/0-6 1553274 2170 (25,000) 2600 (10,000) 91:0 91 C,H, 91-1 89 
Et, 53 84°/1 1-5555 2170 (24,200) 2620 (9,300) 90-1 98 CyH,, 90:3 97 
Pr, 76 84°/0-3 1-5451 22 2180 (26,700) 2680 (6,900) 89-6 10-3 C,,H,, 89-7 103 
MePh 653 125—126°/0'8 1-6150™ 2150 (24,600) 2620(8,100) 925 7:5 C,H, 927 73 
Ph, 59 M. p. 116° = — 2630 (7,300) 93-4 65 C,.H,, 93:6 64 


Dehydrogenation of 1,2-Dihydro-1,1-dimethylnaphthalene.—The hydrocarbon (0-75 g,), 
sublimed tetrachloro-1,2-benzoquinone (1-30 g.), and benzene (2-5 ml.) were heated under 
reflux for 2 hr., diluted with light petroleum (b. p. 40—60°; 30 ml.), stored at 25° for 24 hr., 
filtered, and passed through an alumina column which was then eluted with benzene. The 
evaporated eluate (0-69 g., 93%) had Amax. 2270 (c 98,000) and 2800 A (e 6100) and was therefore 
pure 1,2-dimethylnaphthalene; it gave a picrate, m. p. and mixed m. p. 129—130°. 

Similar experiments with the other hydrocarbons noted in Table 1 gave the expected 
products in high yields. 

Attempted Dehydrogenation of Benzocycloheptene.—The hydrocarbon [1-65 g.; m,'* 1-5444; 
Amax. 2100 (c 7300) and 2620 A (c 320)], tetrachloro-1,2-benzoquinone (8-0 g.), and benzene 
(15 ml.) were refluxed for 20 hr., and then treated as above. Elution with light petroleum (pb. p. 
40—60°) gave starting material (1-40 g.), 7,,*° 1-5420, Amax, 2140 (¢ 8500) and 2570 (e 360), with 
the correct infrared spectrum. 

Reaction of 1,2-Dihydro-1,\1-dimethylnaphthalene with NN-Diphenylpicrylhydrazyl.—tThe 
hydrocarbon (0-19 g.), NN-diphenylpicrylhydrazyl (1-10 g.), and benzene (2-5 ml.) were heated 
under reflux for 20 hr. The mixture, on dilution with light petroleum (b. p. 40—60°; 25 ml), 
consisted of a black tar and an upper layer of solvent. The solvent was decanted and on 
evaporation gave only a trace of tar. The tarry layer was chromatographed in benzene over 
alumina, and eluted with benzene. Evaporation of the eluate afforded the starting material 
(5 mg.), Amax, 2150 (E}%, 1360) and 2650 A (E!%, 640). 

Kinetic Experiments.—Materials. Pure tetralin was distilled from sodium before use and 
had m,** 1-5374. 1,1-Dimethyltetralin, ,*° 1-5278, was prepared as previously described.’ 
Tetrachloro-1,2-benzoquinone, supplied by Messrs. Hopkin and Williams, was sublimed. 
Phenetole was refluxed over sodium and distilled; the pure solvent had b. p. 170—171°, 9, 
1-5071. 

Reaction rates. The rates were determined by following spectrometrically the disappearance 
of the quinone. E, values were determined by graphical extrapolation to zero time. The 
experimental method was method “‘ b” described in Part XI.* 

To take account of concurrent decomposition of the quinone in the solvent the following 
analysis was employed. 

7 Braude, Brook, and Linstead, J., 1954, 3574. 
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Let a be the molarity of the quinone and b that of the hydrocarbon. Let the concentration 
of quinone at time ¢ be (a — +), and let k, and hk, be the rate constants for the dehydrogenation 
and decomposition respectively. Then, provided k, > k, and b > a to a substantial extent, 
(6 — x) will be a good approximation to the concentration of hydrocarbon at time #. Therefore, 
for the systems under examination and for relative concentrations employed, we may write: 


d(a — x)/dt = —k,(a—x)(b—x)—hk,(a—*x) . . . . . (I 
The integrated form of (1) is: 
kg = [{Infa[k.(b — x) + k,]/(@ —2) (kab — h,)}}/(0 — a)t] — kf(b— a) . « (2) 


For experiments with the dihydronaphthalenes, in which a = 0-01m and b = 0-05m, equation (2) 
expressed in terms of observed extinctions becomes: 


ky = —25k, + 25¢°{In[0-01k,(E + 4E,) + k,E,J/E(0-05k, + h,)} . . (3) 


Equation (3) could be solved by successive approximation, and for the dihydronaphthalenes, 
when trial values of k, were those calculated by the normal second-order rate equation, the 
solution was reached at the second approximation. In fact, the correction was negligible for 
the faster systems. In the experiments with the tetralins it was more convenient to solve 
equation (1) directly by determining [d(a — x)/d#],. 5 graphically. 

The values of k, at various temperatures were found by direct experiment. 

The Arrhenius parameters were computed by the method of least squares, and their precision 
(standard deviations) by the equations set out in a previous paper.® 


RESULTS 
Individual Runs.—Representative examples for each hydrocarbon are recorded. Unless 
otherwise stated, the concentration of quinone was 0-0100M, that of the tetralins 1-00m, and of 
the 1,2-dihydronaphthalene 0-0500mM. Phenetole was the only solvent used. 


(i) Decomposition of tetrachloro-1,2-benzoquinone in phenetole at 116-3°. 


BE, sckpayineswas dex 0 90 120 150 180 210 

E (6050 ee 0-620 0-423 0-357 0-307 0-267 0-217 
10k, (min.~*) ......... — 4:59 4-85 4-91 4-85 5-17 

(ii) Dehydrogenation of tetralin at 84-8°. 

0 6 7a 0 2 4 , & 8 10 14 20 28 
E (6050 A) ............ 0-650 0-490 0-400 0-348 0-310 0-281 0-242 0-203 0-169 


k, = 0-159 1. mole min.“. 
(iii) Dehydrogenation of tetvalin (0-800Mm) by quinone (0-005m) at 90-9°. 


sere 0 2 4 6 8 12 20 25 30 
E (6050 A) ............ 0-650 0-500 0-433 0-380 0-335 0-284 0-223 0-210 0-176 


k, = 0-200 1. mole min.-!. This value may be compared with the value 0-221 obtained from a 
plot of k, against 1/t for experiments with 1-000m-tetralin and 0-0100M-quinone. Similarly, an experi- 
ment carried out at 90-5° with 0-500m-tetralin and 0-005m-quinone gave k, = 0-205 1. mole min.~'. 


(iv) Dehydrogenation of 1,1-dimethyltetralin at 95-1°. 


SNE Subesdbcdesiece 0 2 4 6 10 20 30 40 50 70 
E (6050 A) ............ 0-730 0-709 0-688 0-673 0-636 0-560 0-484 0-415 0-349 0-246 


ky, = 0-0127 1. mole min.“. 


(v) 1,2-Dihydronaphthalene at 94-5°. 


Ey oe 0 8 12 16 20 27 30 

E (6050 A) nepnethentie 1000 - 0-490 0-370 0-269 0-186 0-120 0-095 
hy (1. mole min.~?) oe 1:87 1-76 1-78 1-85 1-76 1-77 
(vi) 1,2-Dihydro-1,1-dimethylnaphthalene at 80-7°. 

ge ASRS 0 15 21 27 35 45 55 60 
E (6050 A) oduvstodweté 0-700 0-462 0-398 0-337 0-284 0-223 0-169 0-148 
k, (l. mole min.~) _ 0-566 0-557 0-565 0-546 0-543 0-560 0-565 
(vii) 1,1-Diethyl-1,2-dihydronaphthalene at 89-6°. 

BY  bececsvciceeds 0 16 18 20 22 24 26 

E (6050 A) ............ 0-820 0-208 0-175 0-149 0-128 0-108 0-094 


hy (1. mole min.~) _ 1-871 1-887 1-888 1-880 1-893 1-875 
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(viii) 1,2-Dihydro-1,1-di-isopropylnaphthalene at 88-6°. 


CORA. -persissesiccses 0 10 12 14 18 22 26 
E (6050 A) apiubntindnnns 0-800 0-428 0-378 0-335 0-271 0-216 0-168 
ky (1. sobs 1 min.~) ~- 1-302 1-311 1-315 1-288 1-291 1-317 
(ix) 1,2-Dihydro-1-methyl-1-phenylnaphthalene at 88-8°. 

| ae 0 16 20 25 30 40 50 
E (6050 A) ............ 700 0-440 0-394 0-347 0-302 0-232 0-180 
k, (1. mole min.~) ~- 0-586 0-586 0-577 0-581 0-582 0-580 
(x) 1,2-Dihydro-1,1-diphenylnaphthalene at 100-4°. 

SOD | sadcevesccctece 0 25 40 50 60 70 80 
BE GIO AD. 60 cicciives 0-830 0-642 0-554 0-508 0-462 0-420 0-385 
k, (l. mole min.) — 0-173 0-17 0-167 0-168 0-168 0-166 


Summary of rate constants. 
Decomposition of tetrachloro-1,2-benzoquinone in phenetole. 





i siisiniebenebieasbnhchiaeaenentasebis 116-3 105-4 100-9 79-9 
4 Eee 8-00 4-17 2-67 0-767 
The units for the following rates are 1. mole™ sec.*}. 
Tetralin 1,1-Dimethyltetralin 
EB vaseiouds 89-7 84-8 79-0 75-7 71:3 RP aidcowes 109-8 105-4 100-9 95-1 88-1 
IP he ..:... 3-52 2-65 1-77 1-38 1:15 | 10%, ... 5-05 3-75 3-27 2-12 1-40 
1,2-Dihydronaphthalene 1,2-Dihydro-1, 1-dimethylnaphthalene 
: ee eee 94-5 90-6 84-1 80-5 76-8 Fr, = seecesnes 94-5 89-8 85-0 80-7 75:8 
BOs 50000. 3-00 2-45 1-62 1-33 1-03 | 10%, ...... 2-13 1-60 1:18 0-933 0-683 
1,1-Diethyl-1,2-dihydronaphthalene 1,2-Dihydro-1, 1-di-isopropylnaphthalene 
2 seeessees 89-6 85-4 80-5 76-1 70-7  nvianins 88-6 84-0 79-8 76-1 70-4 
BOs sévnee 313 «6243 8 8=61-78 §=1:32 0-917 | 10%,...... 217 160 1:28 1:05 0-700 
1,2-Dihydro-1-methyl-1-phenylnaphthalene 1,2-Dihydro-1,1-diphenylnaphthalene 
' 940 888 845 789 761 ([f 2... 1004 953 908 840 80-4 
IGA, .....- 1:35 0-967 0-750 0533 0-450 | IO, ...... 282 213 1-65 1:03 0-833 


Arrhenius Parameters——The values for the decomposition reaction are Ey = 17:8 + ll 
kcal./mole and AS* 9 = —34 + 3 E.U. Ryyog) = 2-7 (41-5) X 10% sec.-1. 
The data for the dehydrogenation of the tetralins and 1,2-dihydronaphthalenes are recorded 
in Table 2. 
TABLE 2. Arrhenius parameters and rate constants at 100°. 


10°”, (1. mole} Ex (kcal. 
Compound sec.~1) Stiooe (E.U.) mole) 
EEL. seinhinbtirigebaktbsenctonseses<oendevesyewtanssesecs 5-86 + 0-45 29-0 + 2-3 15-6 + 0-8 
Die So bSnvscscincicssiccvsvescesecsscore 0-290 + 0-009 33-7 + 2-2 16-2 +. 0-5 
1,2-Dihydronaphthalene ® .................scscececeeees 41-1 + 0-7 25-7 + 0-8 15-4 +. 0:3 
1,2-Dihydro-1,1-dimethylnaphthalene ............... 28-7 + 0-5 26-2 + 0-9 15-5 + 0-03 
1,1-Diethyl-1,2-dihydronaphthalene ............... 57-8 + 0-5 23-4 + 0-3 16-1 + 0-1 
1,2-Dihydro- 1, 1-di-isopropylnaphthalene ......... 40-8 + 13 26-5 +. 1-2 15-1 + 0-4 
1,2- -Dihydro-1-methyl-1-phenylnaphthalene oeoned 18-7 + 0-1 26-2 + 0-5 15-9 + 0-2 
1,2-Dihydro-1,1-diphenylnaphthalene ............... 2-77 + 0-03 29-1 + 0-9 16-3 + 0:3 
* These values are in excellent agreement with those reported in Part XI.* 


DISCUSSION 

The dehydrogenation of tetralin with tetrachloro-1,2-benzoquinone exhibits overall 
second-order kinetics, being of first order with respect to each reactant. The results for 
tetralin and 1,2-dihydronaphthalene show that the rate of dehydrogenation of tetralin 
measured under pseudo-unimolecular conditions with the hydrocarbon in excess is 
certainly the rate of its conversion into dihydronaphthalene; the same is true for dehydrogen- 
ation of 1,1-dimethyltetralin. The observed ratio of 20:1 for the rates of reaction of 
tetralin and 1,1-dimethyltetralin therefore corresponds to a ratio of 10:1 for the rates of 
attack at the l(and 4)-position of tetralin and the 4-position of the dimethyl derivative. 
It is difficult to ascribe such a large ratio to electronic effects associated with the change of 
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substitution. In effect, this change is equivalent to passing from an ethyl- to a t-butyl- 
substituted benzene, and in reactions known to involve carbonium ions such a-change 
results in only a two-fold diminution in rate. Thus the ratio of rates of solvolysis ® in 
aqueous formic acid of p-ethyl- and p-t-butyl-diphenylmethyl bromide is 2: 1 and for the 
solvolysis of p-alkyldiphenylmethyl chlorides the value is even less.® It is likely, there- 
fore, that in the present case an additional factor operates. We believe that this factor is 
steric in origin and consists of a buttressing effect of the gem-dimethyl group. Removal 
of the hydride ion from the 1-position in tetralin requires that this carbon atom should 
adopt an sf*-configuration, coplanar with the benzene ring. For this it is necessary to 
distort the remaining three methylene groups from their half-chair conformation towards 
a less favourable conformation in which the pairs of hydrogen atoms are opposed. If one 
pair of hydrogen atoms is replaced by a pair of methyl groups the process becomes more 
difficult because the difference in energy of the staggered and the opposed conformation of 
isobutane (3°87 kcal. mole) is substantially greater than that for ethane (2-75 kcal. 
mole).1° Thus the presence of the gem-dimethy] group will retard the rate of dehydrogen- 
ation. This form of conformational control is similar to that exhibited in the ethanolysis 
of benzocycloalkenyl chlorides studied by Baddeley and Chadwick," where alteration of 
ring size has a profound effect on the rate of reaction. These workers found that 1-chloro- 
tetralin was solvolysed 26 times more rapidly than 3-chlorobenzocycloheptene, which in 
turn reacted 9 times faster than 1-phenylethyl chloride. The fact that benzocycloheptene 
did not react under conditions where tetralin was smoothly dehydrogenated is consistent 
with these results, and the failure of acyclic systems to undergo rearrangement, noted 
in the previous paper, presumably has its origins in a similar conformational effect. 

The parity in the rates of dehydrogenation of 1,2-dihydronaphthalene and its 1,1-di- 
alkyl derivatives establishes conclusively that in the unsubstituted compound attack occurs 
preferentially at the 2-position. This result is in agreement with the calculated stabilities 
of the 1- and the 2-naphthalenium ion.!* Introduction of phenyl groups into the 1-position 
of 1,2-dihydronaphthalene retards the dehydrogenation, but only to an extent compatible 
with the —I effect of this group. Thus the rate enhancements due to synartetic particip- 
ation, as computed by the method of Winstein e¢ al.48, are 1-3 for 1,2-dihydro-1-methyl-1- 
phenylnaphthalene and 2-0 for the 1,1-diphenyl compound, and are probably insignificant 
in view of the assumptions made. Failure to observe participation in the dehydrogenation 
probably has two causes. First, the carbonium ion involved is one which is well stabilised 
by resonance, and the activation energy is low compared with that for reactions where 
significant participation has been observed.!*-14 Secondly, 1,2-dihydronaphthalene differs 
from cyclohexane or acyclic systems in that the participating and leaving groups cannot 
adopt the truly diaxial conformation necessary for maximum participation. This second 
factor is known to be very important 15 and explains why 2,2-dimethylindane reacts with 
2,3-dichloro-5,6-dicyano-1,4-benzoquinone to form an unrearranged ether. The five- 
membered ring of the indane must be almost flat and the methyl groups will lie ca. 70° 
out of the desired plane for maximum participation. 

Although there is no kinetic evidence for participation, it has nevertheless been demon- 
strated that migration, even of alkyl groups, is certainly not rate-controlling. Since 
there are no authenticated examples of rearrangements of alkyl groups to radical ends 4 
and since the much more favourable rearrangement of the phenyl groups has been shown 
to require activation to the extent of 8 kcal. mole, we feel that our results 


* Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” Bell, London, 1953, p. 327. 
* Hughes, Ingold, and Taher, J., 1940, 949. 

” Pitzer, Discuss. Faraday Soc., 1951, 10, 66. 

4 Baddeley and Chadwick, J., 1951, 368. 

* Barnard and Jackman, /., 3110. 

* Winstein, Morse, Grunwald, Schreiber, and Corse, J. Amer. Chem. Soc., 1952, 74, 1113. 
 Winstein and Heck, J. Amer. Chem. Soc., 1956, 78, 4801. 

% Barton and Cookson, Quart. Rev., 1956, 10, 44. 
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strongly substantiate the ionic mechanism. The argument is considerably strengthened b 
the observation that, whereas diphenylpicrylhydrazyl quantitatively converts 1,2-dihydro- 
naphthalene into naphthalene,’ its reaction with 1,2-dihydro-1,1-dimethylnaphthalene 
yields no 1,2-dimethylnaphthalene. Apparently rearrangement of the intermediate 
radical is slow enough to permit intervention of side reactions such as polymerisation or 
coupling with the reagent. 


One of us (G. L.) thanks the Department of Scientific and Industrial Research for a 
Maintenance Grant. 


CHEMISTRY DEPARTMENT, IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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626. Hydrogen Transfer. Part XIV.1 The Quinone Cyclo- 
dehydrogenation of Acids and Alcohols. 


By A. M. CREIGHTON and L. M. JACKMAN. 


The formation of y- and 3-lactones from suitably substituted carboxylic 
acids by 2,3-dichloro-5,6-dicyano-1,4-benzoquinone is described. In one 
example a side reaction leading to a coupled product has been observed. 
Evidence has been obtained which shows that neighbouring carboxyl groups 
can provide driving force for the abstraction of hydride ions by quinones. 

The formation of cyclic ethers during the reaction of appropriately 
substituted alcohols with dichlorodicyanobenzoquinone has been observed 
and the nature of several competing reactions has been established. 


DEHYDROGENATION by quinones has some of the features of a unimolecular 8-elimination 
(E,) process.2* In previous studies the structures-of the substrates have ensured that 
elimination was the sole reaction. Even so, in the attempted dehydrogenation of 2,2-di- 
methylindane, a substitution product was encountered.? Thus it is to be expected that 
with certain structures substitution might occur. Such reactions would be analogous to 
unimolecular nucleophilic substitution (Syl) in the same way as the dehydrogenation is 
to the (£,) process. In particular, it should be possible to effect internal substitution 
(Syt) which could be regarded as a cyclodehydrogenation. Many cyclisations involving 
conventional leaving groups (halogens, OH,*, etc.) are known and amongst the most active 
and common participating groups are carboxyl, hydroxyl, and amino. The available 
quinones ? of high potential likely to prove effective for cyclodehydrogenation all contain 
fairly labile chlorine and compounds containing amino-groups were avoided in the 
preliminary study. The initial experiments reported below therefore involved carboxyl 
and hydroxyl groups and result in the formation of lactones and cyclic ethers respectively. 

2,3-Dichloro-5,6-dicyano-1,4-benzoquinone * was used in the dehydrogenation experi- 
ments described below. 

8-Diphenylmethyl-l-naphthoic acid reacted slowly with the quinone in benzene at 
80°; the reaction required five days for completion, being retarded by the low solubility 
of the acid in benzene. The product, isolated in 85% yield, was the 8-lactone (I). 0-Di- 
phenylmethylbenzoic acid was converted in 80% yield into the y-lactone, 3,3-diphenyl 
phthalide; the reaction required ca. 24 hr. at 80° for completion; after 3 hr. the yield 
was 35%. 

2-Benzylbenzoic acid reacted more slowly, requiring 7 days at 80° for completion. 
Under these conditions the theoretical quantity of quinol was obtained, but the yield of 

1 Part XIII, preceding paper. 

® Barnard and Jackman, /., 3110. 

; Braude, Jackman, Linstead, and Lowe, J., 3123. 


Thiele and Meisenheimer, Ber., 1900, 38, 675; Allen and Wilson, J. Amer. Chem. Soc., 1941, 68, 
1756; Brook, J., 1952, 5040. 
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$-phenylphthalide (II) was only 45%. From the other products of this reaction there were 

jsolated two substances whose intense absorption at 1775 cm.+ was characteristic of 
3,3-disubstituted phthalides. This fact, together with the high melting points, suggested 
that the compounds might be the DL- and meso-forms of the biphthalidyls (V). A com- 
pound, m. p. 265°, purported to have this structure has been recorded.5 We have repeated 
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Ph,C CO 
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(I) a, (III) 
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S 
Ph Ph Ph ya 
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one of these reported syntheses, namely, the reductive coupling of 3-phenylphthalide by 
aluminium powder in concentrated sulphuric acid.” In our hands the reaction gave two 
products, in roughly equal amounts, with infrared spectra identical respectively with those 
of the two compounds from the dehydrogenation. Melting points were similar but not 
characteristic. Both compounds were quantitatively degraded by alkali to equimolecular 
amounts of 3-phenylphthalide and o-benzoylbenzoic acid; this reaction was described by 
Ullmann § and probably involves the mechanism shown in the annexed scheme. 


On Bx) Es HO™ ie 
Fg 
e~ —_ wet . 
Wo ‘o- $0 o- 

The formation of the bi-lactones during the cyclodehydrogenation was shown to involve 
subsequent attack of the phthalide, as the same compound was formed when the phthalide 
was treated directly with the quinone. It is to be expected that the phthalide would be 
more susceptible to hydride-ion abstraction than the parent acid, as in the former the 
a-carbon atom is activated by the +T effect of the oxygen substituent and, being part of a 
five-membered ring, will more readily lead to an sf*-configuration coplanar with the 
aromatic nucleus. Even so, the reaction of phthalide is slow and it is unlikely that a 
radical-dimerisation mechanism could operate in the formation of the coupled product. 
The most likely mechanism for the formation of compound (V) appears to involve a Stevens- 
type rearrangement of the oxonium salt (IV) formed from the carbonium ion (III) and a 
molecule of phthalide. In.the Stevens rearrangement of ammonium, sulphonium, and 
phosphonium salts much of the driving force is derived from the attacking base. An 
oxonium salt is inherently less stable and it is conceivable that the rearrangement of 
compound (IV) is promoted by much weaker bases such as the quinol anion or even 
another molecule of phthalide. The migration terminus in (IV) is also suitably activated 
by the o-carbonyl group. i 

§ Ulimann, Annalen, 1896, 291, 17; Meyer, Monatsh., 1904, 25, 1177; Bauer and Endres, J. prakt. 
Chem., 1913, 87, 545; Eckert and Pollak, Monatsh., 1917, 38, 11. 


7 Ingold, ‘ ‘Structure and Mechanism in Organic Chemistry,” Bell, London, 1957, p. 524; Hine, 
“Physical Organic Chemistry,” McGraw-Hill, New York, 1956, p. 116. 
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o-Toluic acid reacted very slowly with the quinone, but no identifiable product could 
be isolated. 

When o- and /-diphenylmethylbenzoic acid were allowed to compete for an insufficiency 
of the quinone, the two isomers reacted at similar rates. However, it seemed likely that, 
in the absence of participation by the o-carboxyl group, the o-substituted acid would react 
much more slowly than the para-isomer, for models indicated that the ortho-substituent 
inhibited the formation of the near-co-planar triphenylmethyl ion. In conformity with 
this, the o-amide did not react with quinone at 80° while the p-amide reacted completely 
in 40 hours to give, apparently, the polyamide (VI) [with concentrated sulphuric acid at 


-NH— . —CPh CO-NH 
pruc—{ > CO-NH [ce )-co nn] - Cc <p 2 wy 


40° this underwent N-alkyl fission to /-(«-hydroxydiphenylmethyl)benzamide]. The 
relative reactivities of the two acids and their amides towards the quinone make it clear 
that, in the absence of driving force from the neighbouring group, an ortho-derivative is 
less reactive than its para-isomer. 

From the point of view of participation amido- and carboxy-groups are bifunctional, 
The electron-source may be either the carbonyl-oxygen atom on the one hand or the 
hydroxyl-oxygen atom or the nitrogen atom on the other. Scott, Glick and Winstein? 
established that carbonyl participation is stronger with amides, at least for substituted 
amides; this requires that the formation of phthalides occurs by participation of hydroxyl 
rather than of carbonyl groups, since if the latter were involved the o-amide should have 
cyclised. On this basis a qualitative order of participation may be put forward, viz.; 
acid hydroxyl oxygen > amide carbonyl oxygen > acid carbonyl oxygen, and acid 
hydroxyl oxygen > amide nitrogen. The second inequality doubtless arises because 
nitrogen has but one lone pair which is strongly involved in amide resonance whereas with 
the hydroxyl oxygen only one of its two lone pairs is delocalised, leaving the other free for 
participation. The present conclusions should not be accepted as general, for it may be 
that in the fairly rigid systems under investigation the directive properties of the orbitals 
involved are of importance. 

Two examples of cyclic ether formation have been examined. Cyclodehydrogenation 
of o-diphenylmethyltriphenylmethanol (VII) gave, not the expected 1,1,3,3-tetraphenyl- 
phthalan (VIII), but 9,10-dihydro-9,9,10-triphenylanthranol (IX), in 70% yield. This 
can be interpreted as an acid-catalysed rearrangement of the tetraphenylphthalan. The 
catalyst could well be the quinol, which is quite a strong acid, or possibly traces of hydrogen 
chloride derived from the quinone. Unfortuntely this reaction does not provide an 
unambiguous example of hydroxyl participation as the product could also have arisen by 
cyclodehydration of the alcohol (VII) followed by conversion into the hydroquinoly] ether 
of (IX) and subsequent hydrolysis during the working up. 

An authentic example of hydroxyl participation was provided by the reaction of 2-di- 
phenylmethylbenzyl alcohol with the quinone. The reaction is complex, as both 
substituents can undergo hydride-ion abstraction and, in addition, one of the primary 
products may undergo further oxidation. Initial attack of the quinone occurred 
principally at the triaryl-substituted carbon atom, but a small quantity of o-diphenyl- 
methylbenzaldehyde was also formed. The aldehyde was rather difficult to elute from 
alumina and the fractions containing it smelt strongly of hydrogen cyanide. It is con- 
cluded that the aldehyde was present in the crude mixture as its cyanohydrin. Hydrogen 
cyanide is a hydrolysis product of the quinone. The bulk of the product consisted of a 
mixture of two compounds and was shown to be 1,l-diphenylphthalan (20%) and a com- 
pound considered to have structure (XI) or (XII). For this second component analyses 

7 Scott, Glick, and Winstein, Experientia, 1957, 18, 183. 
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and a molecular-weight determination indicated the bimolecular composition, the ultra- 
violet spectrum showed only benzenoid absorption, the infrared spectrum was consistent 
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with that of an ether, and the compound did not react with 2,4-dinitrophenylhydrazine. 
A biphthalanyl (XI) would be analogous to the biphthalidyl formed from o-benzylbenzoic 
acid (see above). In the presence of acid catalysts the biphthalanyl could have rearranged 
to the dioxachrysene (XII), and the present evidence is insufficient to distinguish between 
the two structures. 

The ability of oxygen functions to participate and, in the case of the acids at least, to 
provide a driving force in the reaction with quinones is further evidence of an ionic 
mechanism. The analogous free-radical mechanism is not expected to support lone-pair 
participation as the resulting intermediate would necessarily have the unpaired electron 
in an antibonding orbital. 


EXPERIMENTAL 
For general comments see Part XIL.3 
2,3-Dichlovo-5,6-dicyano-1,4-benzoquinone.—(i) 2,3-Dicyanoquinol was prepared by a modific- 
ation of the method of Thiele and Meisenheimer ‘ suggested by Allen and Wilson.‘ 

Concentrated sulphuric acid (25 ml.) in ethanol (100 ml.) was added to a stirred suspension 
of benzoquinone (20 g.) in ethanol (500 ml.). The temperature was adjusted to 24—28° and 
maintained in that range during the addition of potassium cyanide (40 g.) in water (100 ml.) 
during 30—40 min., until the reaction mixture was dark brown with a green fluorescence and 
was alkaline to litmus. The liquid was then just acidified and the precipitated potassium 
sulphate was removed by filtration. The filter cake was washed with hot ethanol (100 ml.), 
and the combined filtrate and washings were evaporated under reduced pressure to a small 
bulk (150 ml.) without excessive or prolonged heating. On cooling, the solution deposited 
crude 2,3-dicyanoquinol which recrystallised (charcoal) from water to give the pure compound 
(94 g., 63% based on 2 mol. of quinone). The average yield for a number of batches (20— 
50 g. of quinone) was 64%. 

(ii) Oxidation and hydrochlorination of 2,3-dicyanoquinol. Liquid oxides of nitrogen (mainly 
N,O,) have been used for the oxidation of cyanoquinols (Brook *), and this method is 
incorporated in the present procedure. 

To 2,3-dicyanoquinol (10 g.), suspended in carbon tetrachloride (125 ml.), liquid oxides of 
nitrogen (3 ml.) were added and the mixture was stirred for 10 min. A rapid stream of dry 
hydrogen chloride was passed in for 1 hr. A further 3 ml. of the nitrogen oxides were added 
and the mixture was stirred for 10 min. Further treatment with hydrogen chloride followed 
by nitrogen oxides afforded crude 2,3-dichloro-5,6-dicyano-1,4-benzoquinone. Crystallisation 
from benzene-—light petroleum (b. p. 60—80°) gave the quinone as bright red crystals containing 
benzene of crystallisation. The solvent was lost on drying in a vacuum-desiccator, and the 
quinone was obtained as a bright yellow powder (5-9 g., 42%), m. p. 201—203°. With larger 
batches it was necessary to cool the reaction mixture during the oxidation. 

Cyclodehydrogenation of 8-Diphenylmethyl-1-naphthoic Acid.—The acid ® (1-49 g.), dichloro- 
dicyanobenzoquinone (1-0 g.), and benzene (4 ml.) were heated in a sealed tube at 80° for 5 days. 
The mixture was periodically shaken. The acid gradually dissolved, being replaced by quinol. 

8 Bachmann and Chu, J. Amer. Chem. Soc., 1936, 58, 1118. 
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When the reaction was complete the contents of the tube were extracted with 50 ml. of hot 
benzene. The insoluble quinol (0-95 g.) was collected and the solution chromatographed over 
alumina. Evaporation of the benzene eluate and crystallisation of the residue from ethanol 
yielded 8-(a-hydroxydiphenylmethy]l)-l-naphthoic acid 3-lactone (1-26 g., 85%), m. p. 107— 
108°, undepressed on admixture with an authentic specimen prepared by oxidation of the acid 
with chromic acid.® 

Cyclodehydrogenation of 2-Diphenylmethylbenzoic Acid.—o-Diphenylmethylbenzoic acid @ 
(1-00 g.), dichlorodicyanobenzoquinone (1-08 g.), and benzene (10 ml.) were heated in a sealed 
tube at 80° for 24 hr. Working up as in the previous experiment yielded the quinol (0-92 g.) 
and 3,3-diphenylphthalide (0-79 g., 80%), m. p. 115—116°, undepressed on admixture with a 
sample prepared by Brisson’s method." 

In a similar experiment in which the reaction time was reduced to 3 hr., the amounts of 
quinol (0-53 g.) and lactone (0-35 g.) recovered indicated incomplete reaction. 

Cyclodehydrogenation of 2-Benzylbenzoic Acid.—This acid (1-00 g.), dichlorodicyanobenzo- 
quinone (1-47 g.), and benzene (8 ml.), heated in a sealed tube at 80° for 7 days, afforded the 
quinol (1-40 g.) and 3-phenylphthalide (0-43, 45%), m. p. 115°, undepressed on admixture with 
a sample prepared from 2-benzoylbenzoic acid by zinc dust in acetic acid.1* During the 
chromatography a number of yellow bands appeared which were not eluted by benzene, 
Elution of these with benzene-ethanol (10: 1) and crystallisation from benzene gave material, 
m. p. 265—275°, Vmax, 1775s cm. (y-lactone). 

Similar reaction for 70 hr. yielded quinol (1-07 g.) and 2-phenylphthalide (0-15 g.). 

Reaction of 3-Phenylphthalide and Dichlorodicyanobenzoquinone.—3-Phenylphthalide (1-00 g.), 
dichlorodicyanobenzoquinone (1-46 g.), and benzene (8 ml.) were heated in a sealed tube at 80° 
for 138 hr. The solvent was removed and the residue refluxed with xylene (100 ml.) for 1 hr. 
The solution was filtered and the filtrate evaporated to dryness. The residue, after extraction 
with cold benzene (2 x 10 ml.) to remove unchanged reactants, had m. p. 260—275° and an 
infrared spectrum similar to the corresponding product obtained in the previous experiment. 
This substance (190 mg.) was recrystallised three times from acetic acid, to give transparent 
rhombs (80 mg.), m. p. 280—284°, which had an infrared spectrum (in Nujol) identical with 
compound A described in the next experiment. Concentration of the mother-liquors gave 
white crystals which after several crystallisations from toluene afforded opaque rhombs (70 mg.), 
m. p. 277—281°, which had an infrared spectrum (in Nujol) identical with that of compound B 
described in the next experiment. 

DL- and meso-3,3’-Diphenylbi-3-phthalidyl_—Aluminium powder (1-0 g.) was added to 
o-benzoylbenzoic acid (5 g.) dissolved in concentrated sulphuric acid (100 ml.). The mixture 
was stirred for 10 min. at 20° and then warmed to 35°. When an exothermic reaction began 
(20 min.) the mixture was poured onice. The solid was removed, the filter cake being extracted 
with boiling xylene (2 x 200 ml.). On cooling, the xylene solution deposited crystals (2-0 g.) 
(compound A). The mother-liquor was reduced to a small volume (40 ml.) and, on cooling, a 
second crop (1-8 g.) (compound B) was obtained. 

Compound A (a biphthalidyl) recrystallised from acetic acid as transparent rhombs [Found: 
C, 80-0; H, 43%; M (ebullioscopic in PhCl), 412. C,,H,,0, requires C, 80-5; H, 4:3%; M, 
418], Vmax. (in Nujol) 1775, 760, 732, 711, and 690 cm... The infrared spectrum was unaltered 
by further crystallisation from acetic acid or xylene. From toluene the compound separated 
as transparent plates which lost their crystalline form on drying. The dried substance had the 
same infrared spectrum as the material from acetic acid. It was difficult to obtain consistent 
m. p.s for this compound. At or near the m. p. the compound is sensitive to alkali and even in 
Pyrex melting-point tubes there was evidence of decomposition. The best m. p. obtained was 
180—184° and the m. p. retaken on the same specimen was 170—180°. 

Compound B (a biphthalidyl) recrystallised from acetic acid or toluene with a constant infra- 
red spectrum (in Nujol) (vmx, 1775, 973, 755, 739, 714, 696, and 690 cm.) [Found: C, 80-2; H, 
4:7%; M (as above), 425]. This compound showed the same melting behaviour as compound A 
and there was a small depression (ca. 4°) for a mixture of the two. 

Alkaline Cleavage of the 3,3’-Diphenylbi-3-phthalidyls—The biphthalidyl A (612 mg.) was 


® Zsuffa, Ber., 1910, 48, 2915. 

10 Brown and Jackman, following paper. 

11 Brisson, Ann. Chim., 1952, 7, 311. 

12 Barnett, Cook, and Nixon, J., 1927, 504. 





[1960] Hydrogen Transfer. Part XIV. 3143 


refluxed with ethanolic sodium ethoxide (110 mg. of sodium in 10 ml. of ethanol) for 4 hr. 
Dissolution was complete in $} hr. The ethanol was removed under reduced pressure and the 
residue taken up in water (30 ml.). Concentrated hydrochloric acid (2 ml.) was added, an oil 
separating. Sodium carbonate (800 mg.) was added, causing the oil to solidify. The solid was 
taken up in ether (20 ml.), and the mixture shaken. The ether was then allowed to evaporate 
and the crystalline solid which separated was removed. This solid (296 mg., 96%) was 3-phenyl- 
phthalide, m. p. 113—114°, mixed m. p. 113—115°. 

The aqueous filtrate was acidified to Congo Red and continuously extracted with ether for 
24hr. The ether was removed, benzene (20 ml.) added, and the solution evaporated to dry- 
ness. The residue (330 mg., 100%) was o-benzoylbenzoic acid, m. p. 123—128°, mixed m. p. 
125—128°. 

A similar result was obtained with compound B. 

Reaction of 0-Toluic Acid with Dichlorodicyanobenzoquinone.—o-Toluic acid (0-52 g.), the 
quinone (1-00 g.), and benzene (8-0 ml.) were heated in a sealed tube at 80° for 48 days. Tar 
gradually separated but there was no evidence of the formation of the quinol. Working up in 
the usual way afforded only a trace of material which was readily eluted from alumina. 

Relative Rates of Dehydrogenation of o- and p-Diphenylmethylbenzoic Acid.—Two parallel 
experiments were carried out in which o-diphenylmethylbenzoic acid alone, and with an equi- 
molecular amount of the para-isomer, was treated with dichlorodicyanobenzoquinone at 80° for 
24hr. The lactones formed were isolated by chromatography over alumina and elution with 
benzene. The quantities of reagents and yields of products are given in the annexed Table. 

(i) (ii) 
Quinone (g.) 0-67 0-67 
o-Diphenylmethylbenzoic acid (g.) ...........sseeeeeees 0-80 0-80 
p-Diphenylmethylbenzoic acid (g.) i 
Benzene (ml.) 
Yield of quinol (g.) 
Yield of lactone (g.) 


Altempted Reaction of 0-Diphenylmethylbenzamide with Dichlorodicyanobenzoquinone.—The 
amide 14 (1-0 g.), the quinone (1-0 g.), and benzene (7 ml.) were heated at 80° in a sealed tube for 
Tdays. No quinol was precipitated and working up afforded unchanged amide (0-95 g.), m. p. 
and mixed m. p. 128—130°. 

Reaction of p-Diphenylmethylbenzamide with Dichlorodicyanobenzoquinone.—The amide 
(1-0 g.), the quinone (0-90 g.), and benzene (7 ml.) were heated at 80° in a sealed tube for 40 hr., 
a brown deposit (D) being formed. The liquid was decanted and chromatographed over 
alumina. The evaporated benzene eluate consisted of a white amorphous solid (A) (0-135 g.) 
which did not melt below 300°. The brown deposit (D) (1-20 g.) was dissolved in chloroform 
and shaken with sodium carbonate to remove the quinol. Removal of the chloroform afforded 
a yellow amorphous solid (0-600 g.) which was partially purified to a buff solid (B) by repeated 
precipitation by methanol from chloroform solution. This substance did not melt below 300°. 
The infrared spectra (in CHCI,) of A and B were nearly identical over the range 3700—670 cm."! 
and were characterised by bands at 3413 (NH) and 1678 cm. (amide C=O). 

The solid B (100 mg.) was dissolved in concentrated sulphuric acid (2 ml.) at 40°. After 
2 min. the solution was poured into water (50 ml.), and the precipitated solid was collected. 
Recrystallisation of it from aqueous methanol gave p-(a-hydroxy-diphenylmethyl)benzamide as 
prisms, m. p. 188° (Found: C, 79-0; H, 5-7; N, 4:7. C. 9H,,NO, requires C, 79-2; H, 5:7; N, 
46%), Vmax, 3497, 3395, and 1681 cm.*. 

Reaction of p-Diphenylmethyltriphenylmethanol with Dichlorodicyanobenzoquinone.—The 
alcohol 14 (1-5 g.), the quinone (0-9 g.), and benzene (5 ml.) were heated at 80° in a sealed tube 
for 20 hr. The quinol (0-76 g.) was removed. Chromatography of the filtrate over alumina 
yielded a sticky solid. Crystallisation of the solid from benzene (4 ml.)-light petroleum 
(16 ml.; b. p. 60—80°) gave colourless crystals (1-05 g.), m. p. 196—198-5°. Further crystallis- 
ation from propan-l-ol gave pure 9,10-dihydro-9,9,10-triphenylanthranol, m. p. 203—204° 
(lit.* 204°) (Found: C, 90-65; H, 6-0. Calc. for C,,H,,0: C, 90-5; H, 5-7%). 

Reaction of 0-Diphenylmethylbenzyl Alcohol with Dichlorodicyanobenzoquinone.—The alcohol ” 
(1-00 g.), the quinone (0-94 g.), and benzene (5 ml.) were heated at 80° in a sealed tube for 3 hr. 


#8 Jones and Root, J. Amer. Chem. Soc., 1926, 48, 181. 
™ Huller and Guyot, Compt. rend., 1904, 189, 9. 
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The quinol (0-77 g.) was removed and the filtrate chromatographed over alumina, with elution 
by benzene. The eluate was evaporated to a gummy solid (A) (0-853 g.). The column was 
then eluted with benzene—methanol (10: 1) and evaporation of the eluate, which smelt strongly 
of hydrogen cyanide, gave a pale yellow solid (77 mg.). This solid, with Brady’s reagent, gave 
a 2,4-dinitrophenylhydrazone; chromatography over bentonite—keiselguhr, and crystallisation 
from ethyl acetate—methanol, afforded o-diphenylmethylbenzaldehyde 2,4-dinitrophenylhydrazone, 
red needles, m. p. 202—203° (Found: C, 68-8; H, 4-6; N, 12-1. CygH9O,N, requires C, 69-0; 
H, 4:5; N, 12-4%). 

The solid (A) was dissolved in hot methanol (80 ml.). On cooling, the solution deposited 
colourless crystals (360 mg.), m. p. 144—152°. Crystallisation of this material from light 
petroleum gave opaque clusters of needles, m. p. 132—-134°, and translucent rhombs, m. p. 148— 
152°. If the crystals were allowed to stand under the mother-liquors for several days the 
lower-melting form was completely transformed into the higher-melting substance. This 
behaviour was noted in all subsequent crystallisations from light petroleum. The form, m. p, 
132—-134°, was most readily produced by rapid cooling and the other by slow cooling. After 
four recrystallisations the high-melting form had m. p. 154—156° (Found: C, 88-2; H, 6-2%), 
Recrystallisation from ethanol afforded opaque crystals of an ethanol solvate, m. p. 132—133° 
(Found: C, 85-8; H, 6-1. CygH390,,C,H,O requires C, 85-7; H, 62%). Both the ethanol 
solvate and the form of m. p. 154—156° lost solvent when heated under vacuum above their 
m. p.s and eventually sublimed to give the product (XI) or (XII), m. p. 63° (Found: C, 88-4; 
H, 60%; M (Rast), 521. CH, ,O, requires C, 88-5; H, 56%; M, 542). Recrystallis- 
ation of the sublimate from ethanol or light petroleum regenerated the corresponding 
solvates. 

The ethanol solvate (20 mg.) was refluxed for 3 hr. with 2,4-dinitrophenylhydrazine 
in aqueous-methanolic sulphuric acid. On cooling, the solution deposited unchanged 
solvate. 

The methanol mother-liquors from the initial separation of material (A) were evaporated to 
dryness and the residue in cyclohexane was run through alumina. Elution with benzene-cyclo- 
hexane (1: 4) afforded diphenylphthalan (200 mg.), m..p. 99—101°. Subsequent elution with 
benzene-cyclohexane (3 : 2) gave 29 mg. of pure compound (A). 


One of us (A. M. C.) thanks the Middlesex County Council Education Committee for a Major 
County Award (1952—19565). 
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627. Hydrogen Transfer. Part XV... The Synthesis and 
Cyclodehydrogenation of 2-Diphenylmethylstyrene. 


By R. F. Brown and L. M. JACKMAN. 


A synthesis of 2-diphenylmethylstyrene from o-diphenylmethylbenzoic 
acid is described. The styrene is shown to undergo cyclodehydrogenation 
to 1,1-diphenylindene when treated with 2,3-dichloro-5,6-dicyano-1,4-benzo- 
quinone. 1,2-Diphenylindene has also been prepared by dehydration of 
3,3-diphenylindan-1l-ol followed by dehydrogenation. 


In Part XIV ! the formation of lactones and ethers from acids and alcohols by cyclodehydro- 
genation with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone was described. We next 
proceeded to determine whether the reaction could be extended to the formation of 
carbocyclic structures. Mechanistically such a reaction would resemble acid-catalysed 
cyclisation of alkadiene systems, of which there are numerous examples. These reactions 
proceed by electrophilic attack by a carbonium ion on a double bond, the carbonium ion 
being produced by protonation of one of the double bonds. In a quinone dehydrogenation 
the carbonium ion could be generated by hydride-ion abstraction. Cyclodehydrogenation 


1 Part XIV, Creighton and Jackman, preceding paper. 











=: 
QO 


HBHemtn eS 











tion 


gly 
ave 
tion 
one, 
9-0; 


ght 


the 
Phis 
|. p. 
fter 


0/ 
33° 

inol 

heir 


llis- 
ling 


zine 


1 to 
clo- 
vith 


Ljor 


[ro- 
ext 


ons 
ion 
ion 
ion 








(1960) 


therefore requires a CH group suitably activated for hydride-ion abstraction and in 
proximity to an ethylenic double bond. These conditions are fulfilled by 2-diphenyl- 
methylstyrene in which the triphenylmethane structure provides a suitably activated 
hydrogen atom. 


CO,H CH,-OH CH,Cl CH,-CO,H 
—_—> — — 
CHPh, CHPh, CHPh, CHPh, 


(I) (IT) (111) i (IV) 


CH: CH, CH,°CH, OH 
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2-Diphenylmethylstyrene (VI) was synthesised in seven stages from phthalic anhydride 
in an overall yield of 123%. Phthalic anhydride was converted, via 3,3-diphenylphthalide, 
into 2-diphenylmethylbenzoic acid (I) by Brisson’s method? which was converted into 
the chloride (ITI), all in good yield. The step, (III) —» (IV), proved more troublesome. 
Attempted replacement of the halogen by cyanide gave only low yields of the amide 
which could be hydrolysed to the desired acid. However, carboxylation of the Grignard 
reagent gave the acid in 55% yield together with a mixture of neutral compounds (mainly 
o-methyltriphenylmethane). (Benzylic Grignard reagents usually give rearranged product 
with aldehydes and ketones but sometimes behave normally on carboxylation.*) Reduc- 
tion of the acid (IV) with lithium aluminium hydride afforded 2-diphenylmethylphenethyl 
alcohol (V), which was dehydrated at 260° by solid potassium hydroxide to the styrene 
(VI) in 55% yield. 

2-Diphenylmethylstyrene reacted slowly (3 days) with dichlorodicyanobenzoquinone 
in benzene at 80°. The hydrocarbon product was a mixture from which 1,l-diphenyl- 
indene 4 was separated by chromatography and crystallisation in 45% yield. A specimen 
for comparison was prepared by reduction of 3,3-diphenylindan-l-one with lithium 
aluminium hydride and acid-catalysed dehydration of the resulting indan-l-ol. 

The reactivity of the styrene appears to be less than of the corresponding acid (I) 
studied in the preceding paper 4 and, since a carboxyl group is more strongly deactivating 
than a vinyl group, it must be concluded that here the vinyl group provides less driving 
force as a neighbouring group than does the carboxyl group. Models of the o-vinyltri- 
phenylmethyl cation show that it is difficult to orientate the vinyl group such that its 
n-molecular orbital is correctly directed for effective overlap with the 2px-orbital. It is 
of course possible that the cyclisation only occurs under the polarising influence of a fully 
formed carbonium ion. 


EXPERIMENTAL 


Microanalyses were carried out in the Microanalytical Laboratory (Miss J. Cuckney) of this 
Department. 

3,3-Diphenylphthalide.—Recrystallised phthalic anhydride (74 g.) was added to a stirred 
ice-cold solution of phenylmagnesium bromide (165 g. of bromobenzene; 25-2 g. of magnesium) 
in ether (500 ml.). After 1 “hr. benzene (500 ml.) was added and the mixture was refluxed for 
3hr. The solution was cooled and ice-cold concentrated hydrochloric acid (200 ml.) was added. 
The organic layer was washed with acid, alkali, and water, dried (Na,SO,), and evaporated. 
Hot methanol (300 ml.) was added. On cooling, the product (108 g.) separated and was 
collected. Concentration of the mother-liquors gave a further quantity (8 g.) of product. 
The combined crops were added to a solution of sodium hydroxide (120 g.) in water (1200 ml.) 

* Brisson, Ann. Chim. (France), 1952, 7, 311. 

* Kharasch and Reinmuth, ‘‘ Grignard Reactions of Nonmetallic Substances,’’ Prentice-Hall, New 
York, 1954, p. 1144. 
* Gagnon, Ann. Chim. (France), 1929, 12, 296. 
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and ethanol (240 ml.). The mixture was distilled until the temperature of the solution reached 
99°: part of the material dissolved, leaving an oil which solidified as ethanol was removed, 
The insoluble component was removed and crystallised from benzene, to yield o-dibenzoy)- 
benzene as prisms (27-9 g., 19-5%), m. p. 147—148° (lit.,2.m. p. 148°). The alkaline solution 
could be used directly for reduction to 2-diphenylmethylbenzoic acid. The phthalide (86 g,, 
61%) was recovered from the solution when it was acidified to Congo Red. The crude materia] 
had m. p. 115—117° (lit.,2 m. p. 116—117°). Several recrystallisations raised the m. p. to 
121—122°. 

2-Diphenylmethylbenzoic Acid.—The alkaline solution prepared from the phthalide was 
refluxed with zinc dust (1 g. per g.) for 3—4 hr. The solution was filtered and acidified. The 
precipitated acid was removed, washed and dried. The crude product (92-5%), m. p. 163— 
165°, crystallised from carbon tetrachloride to give the pure acid, m. p. 166—166-5° (lit. 
m. p. 160—161°). 

2-Diphenylmethylbenzyl Alcohol (I1).—A solution of 2-diphenylmethylbenzoic acid (11-5 g,) 
in dry ether (250 ml.) was slowly added to a stirred solution of lithium aluminium hydride 
(1-5 g.) in ether (100 ml.). The mixture was refluxed for 1 hr., cooled, and decomposed with 
saturated sodium chloride solution (20 ml.).5 The mixture was filtered and the residue washed 
with ether. The combined filtrate and washings were evaporated. The residue recrystallised 
from light petroleum (b. p. 80—100°) (yield, 10-1 g., 92%), to yield the alcohol as needles, m. p. 
112—113° (Found: C, 87-9; H, 6-9. C,)9H,,O requires C, 87-55; H, 6-6%). 

2-Diphenylmethylbenzyl Chloride (I1I).—A solution of the alcohol (21-9 g.) in carbon tetra- 
chloride (125 ml.) containing pyridine (0-1 ml.) was slowly added to a refluxing solution of 
thionyl chloride (14-8 g.) in carbon tetrachloride (25 ml.), then the solution was refluxed for 2 hr., 
cooled, washed with ice-water, 2N-sodium carbonate, and water, dried (CaCl,), and evaporated. 
The residue recrystallised from methanol (100 ml.) to give 2-diphenylmethylbenzyl chloride 
(22-3 g.), prisms, m. p. 115—116° (Found: C, 82-1; H, 6-05; Cl, 12-1. C,9H,,Cl requires 
C, 82-0; H, 5-85; Cl, 12-1%). The chloride could be hydrolysed by N-aqueous-ethanolic (1: 1) 
sodium hydroxide to the corresponding alcohol. 

2-Diphenylmethylphenylacetamide.—The above chleride (2-9 g.), sodium cyanide (4-9 g.), 
and sodium iodide (1-0 g.) were dissolved in aqueous ethanol (1:3; 80 ml.), and the solution 
was refluxed for 46 hr. Most of the ethanol was removed on a steam-bath and the mixture was 
extracted with ether. The ethereal layer was washed with water, dried (Na,SO,), and 
evaporated. The residue was recrystallised from light petroleum (yield, 0-7 g., 25%) and then 
from methanol, giving pure 2-diphenylmethylacetamide, m. p. 157—158° (Found: C, 83-7; 
H, 6-3; N, 4:6. C,,H,,NO requires C, 83-2; H, 6-5; N, 45%). 

2-Diphenylmethylphenylacetic Acid (IV).—(a) A solution of 2-diphenylmethylbenzy] chloride 
(73-1 g.) and methyl iodide (1 ml.) in ether (1-5 1.) was slowly (2 hr.) added with stirring to 
magnesium turnings (9-0 g.) under nitrogen. Reaction commenced immediately and the 
solution was kept at the b. p. during the addition and for a further 1 hr. The solution was 
cooled to 0° and poured on carbon dioxide (500 g.). After evaporation the mixture was washed 
with concentrated hydrochloric acid (3 x 100 ml.), water (100 ml.), 2N-sodium hydroxide 
(8 x 50 ml.), and again water (100 ml.). The alkaline extracts were combined and acidified 
to Congo Red. The precipitate was collected, washed with water, dried, and crystallised from 
benzene (yield, 141-6 g.; 57%) and then from ethanol, affording 2-diphenylmethylphenylacetic 
acid, m. p. 210—211° (Found: C, 83-35; H, 6-3. C,,H,,O, requires C, 83-4; H, 6-0%). 

The ethereal solution was dried (Na,SO,) and the solvent removed. The residue recrystal- 
lised from ethanol and from light petroleum (b. p. 60—80°), yielding, in addition to some 
unchanged chloride and the corresponding alcohol, o-methyltriphenylmethane (20 g.), m. p. 
80—82° (lit.,* m. p. 82—83°). In another experiment there was isolated a small quantity of a 
substance, m. p. 168—170°. 

(b) A solution of 2-diphenylmethylphenylacetamide (0-2 g.) and sodium hydroxide (1-0 g.) 
in ethylene glycol was heated for 3 hr. The mixture was cooled, acidified, and filtered. The 
dried residue had m. p. 206—212° and m. p. 208—210° with the acid from the Grignard reaction. 

2-Diphenylmethylphenethyl Alcohol (V).—A solution of 2-diphenylmethylphenylacetic acid 
(45-3 g.) in tetrahydrofuran (300 ml.) was added in 1 hr. to a stirred solution of lithium alu- 
minium hydride (7-0 g.) in tetrahydrofuran (200-ml.). The mixture was refluxed for an 


5 Brown and van Gulick, ]. Amer. Chem. Soc., 1955, '77, 1083. 
® Bistrzycki and Gyr, Ber., 1904, 37, 1245. 








hed 
red. 
dyl- 
tion 
) & ” 
rial 
. to 


was 
The 
3— 
it.,? 


 g.) 
ride 
vith 


shed 
xide 
ified 
from 
cetic 


stal- 
some 


1. p. 
of a 


0 g.) 
The 
tion. 
acid 
alu- 


r an 











[1960] Spedding. 3147 


additional 30 min., cooled, and decomposed with saturated sodium chloride solution (ca. 100 ml.). 
The mixture was filtered, the solvent removed, and the residue crystallised from light petroleum 
to give 2-diphenylmethylphenethyl alcohol as cubes (37-1 g., 86%), m. p. 77—78° (Found: C, 87-2; 
H, 7:4. Cg;HggO requires C, 87-5; H, 7-0%). 

2-Diphenylmethylstyrene (V1).—The alcohol (V) (10-9 g.) and solid sodium hydroxide (25 g.) 
were heated at 260° under a vacuum for } hr. After cooling, the mixture was extracted with 
hot benzene. Removal of the benzene afforded an oil which crystallised from methanol to 
yield 2-diphenylmethylstyrene as needles (6-0 g., 55%), m. p. 76—77° (Found: C, 93-05; H, 6-9. 
C,,H,, requires C, 93-3; H, 6-7%). This gave a dibromide, needles (from ethanol), m. p. 154— 
155° (Found: C, 58-7; H, 4-5; Br, 36-8%; M (Rast), 426. C,,H,,Br, requires C, 58-6; H, 4-2; 
Br, 37:2%; M, 430). 

3,3-Diphenylindan-1-ol.—A solution of 3,3-diphenylindan-1-one (2-0 g.) in dry ether (70 ml.) 
was added to one of lithium aluminium hydride (1-3 g.) in ether (10 ml.). The mixture was 
refluxed for 3 hr. and decomposed with water (1 ml.). The ethereal solution was decanted and 
the residue washed with ether (20 ml.). The solution and washings were combined and 
evaporated to dryness. Crystallisation of the residue from benzene (10 ml.)—light petroleum 
(i8 ml.; b. p. 60—80°) yielded 3,3-diphenylindan-1-ol as needles (1-82 g., 90%), m. p. 131—132° 
(Found: C, 88-0; H, 6-0. C,,H,,O requires C, 88-1; H, 6-3%). 

1,1-Diphenylindene (VII).—A solution of 3,3-diphenylindan-l-ol (500 mg.) and toluene-p- 
sulphonic acid (48 mg.) in acetic acid (5 ml.) was refluxed for $ hr. and then poured into water 
(200 ml.). The precipitate was collected, dried, and crystallised from ethanol (3 ml.), to give 
3,3-diphenylindene (325 mg.), m. p. 91—92° (lit.,4 m. p. 91—92°). 

Cyclodehydrogenation of 2-Diphenylmethylstyrene—2-Diphenylmethylstyrene (2-70 g.), 
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (2-27 g.), and benzene (40 ml.) were heated at 78° 
for 65 hr. The mixture was cooled and the quinol (1-6 g.) was removed. The filtrate was 
concentrated and then diluted with light petroleum (b. p. 40—60°). The gummy solid 
precipitate (1-7 g.) was separated. The filtrate was chromatographed over alumina and eluted 
with light petroleum (b. p. 60—80°). The evaporated eluate crystallised from methanol, to 
yield 1,1-diphenylindene (1-2 g., 45%), m. p. and mixed m. p. 91—92° (Found: C, 93-85; H, 6-2. 
Calc. for C,,H,,: C, 94-0; H, 6-0%). 
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628. Infrared Spectra of Periodate-oxidised Cellulose. 
By H. SPEDDING. 


The intensities of the hydroxyl band in films of cellulose and periodate- 
oxidised cellulose, and of the aldehydic-carbonyl band in the oxidised films 
have been measured. Together with intensity changes that occur when the 
oxidised films are dried and heated these indicate that the aldehyde groups of 
the oxidised material exist in various forms, but mainly as hemialdal groups, 
The number of free aldehyde groups increases on drying and heating at the 
expense of the hydrated and the hemialdal groups respectively. 


Rowen, Forztati1, and REEves! showed that in the infrared spectrum of periodate- 
oxidised cotton cellulose there was little or no absorption attributable to free aldehyde 
groups. They suggested this was due to hydration of all the aldehyde groups or hydration 


1 Rowen, Forziati, and Reeves, J. Amer. Chem. Soc., 1951, 78, 4484. 
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of some and hemiacetal formation by the rest. Similar absence of the carbonyl band was 
reported for spectra of the hydrates of the periodate-oxidation products of methyl 4,6-0- 
benzylidene-a-p-glucoside ! (infrared) and of methyl «-p-glucoside * (ultraviolet). It is 
the rule rather than the exception that there is little or no carbonyl absorption in the 
spectra of periodate-oxidised carbohydrates. The aldehyde groups in periodate-oxidised 
methyl 4,6-O-benzylidene-a-D-glucoside are not hydrated but are present in a hemialdal 
structure,’ and only on sublimation im vacuo does the normal form of the substance change 
into the anhydrous dialdehyde containing free aldehyde groups. 

In periodate-oxidised cellulose many structures have been suggested to account for 
the absence of free aldehyde groups,® and the problem is more complicated than for sugar 
derivatives because of the possibility of the formation of cross-links between chains, 
Zhbankov * reported a linear relation between the intensity of an infrared band at 910 cm.4 
and the aldehyde content determined chemically. He concluded that this band was due 
to hydrated aldehyde groups or to hemiacetal groups. Zhbankov favoured the latter, but 
he did not consider any other possibilities. He stated that this band represents the only 
possibility of analysis for aldehyde groups in periodate-oxidised cellulose. This is not so, 
as Higgins and McKenzie’ have shown. They observed the dependence of carbonyl 
intensity on the moisture content of oxidised cellulose fibres. It appeared to them that 
the aldehyde groups are readily hydrated and that some of the primary alcohol groups are 
either oxidised or involved in hemiacetal groups, but that there was no clear evidence for 
the presence of the last-named groups. 

Evidence for the structure of periodate-oxidised cellulose from changes in the 1500— 
800 cm. region alone is unsatisfactory because of the numerous overlapping bands that 
cannot be assigned definitely to particular vibrations. Further, periodate and periodic 
acid oxidation render cellulose more amorphous ®* and this physical modification itself 
results in spectral changes. 

Although numerous structures for periodate-oxidised cellulose can be written, involving 
linkages between different units of one chain or between different chains, the forms in 
which the aldehyde groups can be present are limited to the following: (1) free aldehyde, 
‘CHO; (2) hydrated aldehyde, -CH(OH),; (3) hemialdal, -CH(OH)*O-CH(OH):; and 
(4) hemiacetal, -CH(OH)-O-CH,°. The formation of the last three from the first involves 
respectively addition of one molecule of water per aldehyde group, addition of one molecule 
of water per two aldehyde groups, and rearrangement between an aldehyde group and one 
of the remaining alcohol groups without addition of water. A study of the conditions 
under which the intensity of the carbonyl band changes should indicate the form(s) in 
which the aldehyde groups are present, and a knowledge of the hydroxyl content of the 
samples would supplement this. This approach has the advantage that the bands to be 
measured can be assigned with certainty. 


EXPERIMENTAL 


The experiments have been carried out with films of viscose and ‘“‘ Cuprophane ” (cupram- 
monium cellulose). Very thin films were prepared by regeneration from viscose solution that 
had been squeezed between warmed glass plates whose surfaces had been finely ground to 
avoid interference fringes in the spectra.!° The plates were slid apart and immersed for about 


Hurd, Baker, Holysz, and Saunders, J. Org. Chem., 1953, 18, 186. 
Guthrie and Honeyman, J., 1959, 2441, and references therein. 
Goldstein, Lewis, and Smith, Chem. and Ind., 1958, 595. 

Head, J. Textile Inst., 1952, 43, T1, and references therein. 
Zhbankov, Optika i Spektroskopiya, 1958, 4, 318. 

Higgins and McKenzie, Austral. J. Appl. Sci., 1958, 9, 167. 
Nevell, J. Textile Inst., 1956, 47, T287. 

Davidson, J. Textile Inst., 1941, 32, T109. 

Brown, Holliday, and Trotter, J., 1951, 1532. 
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1} hr. at room temperature in a coagulating solution containing 110 g. of sulphuric acid and 
500 g. of sodium sulphate decahydrate per 1. The films, quite transparent, were washed three 
times in distilled water: the last two wash-waters were free from sulphate and acid. The 
films were removed from the water on the glass plates, dried, and then lifted off easily with 
compressed air. The ‘‘ Cuprophane’”’ film was obtained commercially. It was washed with 
water to remove any softening agent present. 

The oxidations were performed in the dark on loose film immersed in 0-1m-sodium meta- 
periodate, the consumption of which was determined by Miiller and Friedberger’s method." 
The degree of oxidation is expressed in this paper as a percentage, a consumption of one 
molecule of periodate per glucose unit corresponding to 100%. The oxidised viscose films 
were very difficult to handle. The best way of transferring them to distilled water for washing, 
and of removing them for drying, was to stroke a glass plate along the underside of a film until 
one end of it adhered to the plate and then withdraw the latter in such a way that the surface 
tension fastened the rest of the film to the plate as it broke the surface. A sheet of 
polypropylene was used once as the dry film was more easily removed from this than from 

lass. 

' Films were mounted on a frame and placed in the sample compartment (which could be 
evacuated) of the spectrometer for measurement of the spectra. Thirty minutes’ drying 
in vacuo over phosphoric anhydride was necessary to remove the adsorbed water band at 
ca. 1640 cm. from films ~5 » thick. This is much longer than Brown, Holliday, and Trotter 
found,!® but they measured the change in the hydroxyl stretching band where the decrease on 
drying is small compared with the intensity of the cellulosic hydroxyl band. In practice the 
films were dried even longer before the measurements were recorded. The dried films adsorbed 
water very quickly when re-exposed to the air, and one minute’s exposure was sufficient to 
produce a distinct band at ca. 1640 cm.7. 

The films were heated in an oven at 105° unless stated otherwise. The hot films were 
transferred to the sample compartment which was evacuated within one minute of their leaving 
the oven. This procedure gave reproducible results; and any uptake of water vapour must 
have been insignificant, as measurements at ca. 1640 cm." and the constancy of the carbonyl 
intensity confirmed. 

When necessary, film thicknesses were measured with a ‘‘ Magna” gauge at five or more 
points within the area covered by the beam. To compare the hydroxyl intensity in films 
before and after oxidation, the C-H band intensity (optical density) was used as a measure of 
effective sample thickness. This is because of possible density changes during the oxidation 
and non-uniformity of film thickness. After oxidation, comparison of values of the optical 
density of the hydroxyl band itself (O.D.9_q) for any one film is also permissible. The same 
applies to the carbonyl band (O.D.¢—o). 

The spectra were measured with a Unicam SP. 100 spectrometer fitted with a rock-salt 
prism. The measured half-band width of the carbonyl band was 29 cm. both before and after 
heating, and the effective slit width at 1734 cm. was calculated as ca. 7 cm.. Reducing this 
to ca. 5 cm.! did not increase the peak height of the carbonyl band. The value for the 
extinction coefficient of the aldehyde group used here in the calculations was measured by Cross 
and Rolfe 22 with an effective slit width of 6 cm., but the half-band width was not stated. 
Optical densities were measured by a base-line technique. The choice of base-line was straight- 
forward for the carbonyl band, rather less so for the adsorbed water and the 3 wu hydroxyl 
bands, and difficult for the C-H band which is overlapped by the hydroxyl absorption. Various 
methods of drawing the C-H base-line were tried. The one that gave the most consistent 
results for O.D.o_y in the same film before and after drying (when the extent of overlap changes 
considerably) was to draw a smooth curve from the absorption minimum at ca. 3050 cm." to 
join the transmission curve at 2600 cm.*1. Further, by this method, the ratio O.D.9_q : O.D.g-_ 
for four separate dry viscose films varied by +3% only. Because of the almost constant 
half-band width (Av) of the hydroxyl band (in dry samples) its intensity has been measured by 
optical density instead of band area, since determination of the latter does not seem warranted 
in the present circumstances. , 

The Table shows examples of the results. 


11 Miiller and Friedberger, Ber., 1902, 35, 2652. 
4 Cross and Rolfe, Trans. Faraday Soc., 1951, 47, 354. 
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Measurements on periodate-oxidised viscose films. 
O.D. O. 
ODa,e ODeco 0.De-n (Aviles ODeg ~ 2 OOS 


O.Docn ODeq 


(cm.~) 

Film 1. 97% oxidised. 
Air-dry: unheated ................. 0-069 0-031 0-507 360 0-150 3-38 0-207 
Re err ere 0-011 0-065 0-473 260 0-167 2-83 0-392 
Bere: Bi Oe BOE. wins cicssonesiiis 0-008 0-146 0-429 245 0-161 2-67 0-907 
Dey SRE tet. GE UOD?. 20k .cenccscses 0-008 0-175 0-403 255 0-161 2-50 1-09 
Be, Oe We OE BO. wanccisnccsntss 0-009 0-200 0-399 250 0-160 2-50 1-25 
th 8 8? 0-009 0-203 0-389 250 0-159 2-45 1-28 
684 hr. at 105°; left 72 hr. in air 0-049 0-114 0-466 305 0-150 3-11 0-76 
BOP div cctsccccsicecccses 0-013 0-125 0-427 250 0-164 2-61 0-76 

Film 2. Unoxidised. 
DOF NEES © oases cceccssicccoses 0-002 0-564 260 0-158 3°57 — 

ca. 100% oxidised. 
| rere ernrer 0-006 0-066 0-638 265 0-210 3-04 0-314 
ge fe frre 0-016 0-270 0-521 255 0-205 2-54 1-32 


Film 3. ca. 80% oxidised. 
Dried in vacuo over P,O, 45 min. 0-009 0-047 
Dried in vacuo over P,O, 140 min. 0-009 0-054 
DOs BS BOS | ivescseccdecsdescscccees 0-005 0-112 
1 hr. at 105°; left 7 daysinair... 0-063 0-055 


RESULTS AND DISCUSSION 

900 cm.-' Region.—In the spectra of unoxidised viscose sheet and ‘‘ Cuprophane ”’ there 
was a band at 897 cm.". On oxidation of the sample, this band increased in width and 
moved to 891 cm.'. (Since this peak is the only one near 900 cm.~ it must be the same as 
that measured by Zhbankov ® at 910 cm.'). The transmission at this frequency was less 
in the oxidised samples, but it was not clear if this involved an increase in band intensity 
because the background transmission also decreased considerably throughout a wide 
region. After reduction of oxidised “‘ Cuprophane ” with excess of potassium borohydride 
the band was definitely weaker. Forziati and Rowen ® noted that the intensity of a band 
at 893 cm. was greater in amorphous cellulose (prepared by grinding) and in regenerated 
cellulose than in bacterial cellulose and residues from the hydrolysis of cotton linters. 
Zhbankov ® considered that the increase on grinding was due to oxidation but this does 
not explain the increase in regenerated cellulose. On the other hand X-ray measurements 
on cellulose oxidised by periodate ® and periodic acid ® showed that oxidation rendered the 
sample more amorphous, and partial decrystallisation of cotton by means of ethylamine, 
where no oxidation occurs, slightly increased the intensity of the band under discussion.“ 
Present work confirms the latter observation. It appears that the increase in absorption 
near 900 cm.~ is not due solely to the formation of a new chemical grouping as Zhbankov 
thought, and in fact other measurements (see below) show that the aldehyde groups in 
periodate-oxidised cellulose are present in more than one form. 

Carbonyl (1734 cm.) and Adsorbed-water (ca. 1640 cm.1) Bands.—Air-dry samples of 
15, 26, 44, 76, and 100% oxidised films all showed absorption at 1734 cm. which increased 
from a weak shoulder to a distinct peak with increasing oxidation. The carbonyl band in 
all these samples increased when they were heated, while the adsorbed water band at 
ca. 1640 cm. (broad) decreased. One 100%, oxidised film was heated for equal times at 
80°, 60°, and 105°. The intensity of the carbonyl band increased, while that of the 
adsorbed water band decreased, with rise in temperature. An unoxidised sample was 
heated in air at 105° for as long as 65 hours without absorption appearing in the carbonyl 
region. 

It was found that intense drying of the samples over phosphoric anhydride im vacuo 
increased the carbony] intensity, but that once the adsorbed water was removed any further 


13 Forziati and Rowen, J. Res. Nat. Bur. Stand., 1951, 46, 38. 
™ O’Connor, DuPré, and Mitcham, Textile Res. ]., 1958, 28, 382. 
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increase was extremely small and not even definite. The adsorbed-water band is the only 
other one markedly different in the air-dry and the chemically dried samples. Heating a 
dried sample either in air or 1 vacuo produced a rapid increase in the carbonyl-band 
intensity which, within 5 hours, reached three-quarters of the value attained after 3 days 
(see Table). The intensity in a 100% oxidised film continued to increase slowly even after 
6 days and did not reach a limit in a practicable length of time. One therefore cannot 
construct a calibration curve of optical density of the carbonyl band against % oxidation 
from which to determine the latter accurately in any other sample. It seems certain that 
the large increase in the first 5 hours is due to the liberation of free aldehyde groups and not 
to formation of simple aldehydes by degradation. The largely reversible nature of the 
change is slight additional evidence in favour of this idea. Thus, when highly oxidised 
samples that had been heated were exposed to the atmosphere the carbonyl intensity 
decreased considerably, though it was still greater even after a few days than in the 
unheated samples dried over phosphoric anhydride (see Table). 

If a heated sample was kept dry while cooling, the carbonyl intensity did not diminish 
at all, even after 3 hours by which time the sample was quite cool, whereas exposure of the 
cooled film to the atmosphere produced an immediate decrease. Water is therefore 
essential for the reverse process. 

The two-stage increase in the carbonyl intensity strongly suggests that the aldehyde 
groups concerned were originally combined in two different forms in oxycellulose. It is 
very likely that drying over phosphoric anhydride dehydrates only groups of type (2), 
since the hemialdal group is known to be difficult to dehydrate.4%5 The further increase 
on heating must be due to dehydration of hemialdal groups rather than conversion of 
hemiacetal groups into free aldehyde groups, because water is required to reverse the 
change. 

The decrease which occurred after the film had been re-exposed to the atmosphere for a 
few days was much larger than the initial increase on drying of an air-dry film at 30°. 
Rehydration of the aldehyde groups freed at 30° could only account, therefore, for a small 
part of this decrease. The remainder of it was due to re-formation of hemialdal groups 
and not formation of more hydrated groups. This is shown by the small increase only in 
carbonyl intensity on drying of the exposed film again at 30° (Table). 

Determination of the number of free aldehyde groups per chain unit from the optical 
density of the carbonyl band in these samples is complicated by four factors: values have 
to be assumed for the molecular weight of the chain unit and the extinction coefficient of 
the carbonyl band; the film density must be known or assumed since the thickness is not 
uniform; and direct measurement of the effective thickness is difficult in these thin, non- 
uniform films. The second and the fourth factor are likely to introduce most error. With 
values of 140 mole 1. cm.* for ¢, taken from measurements on two saturated aldehydes, 
of 178 for the molecular weight, and of 1-5 for the density,* such a calculation yielded 
values of ca. 0-3 and 0-5 free carbonyl group per oxidised unit corresponding to the optical 
densities of 0-175 and 0-270 respectively in films 1 and 2 after ca. 24 hours’ heating (see 
Table). This means that only 15% and 25%, respectively, of the total aldehyde groups 
are free, the remainder presumably being in the form of hemiacetal groups plus any 
remaining hemialdal groups. 

Hydroxyl Stretching Band.—Since the four forms in which the aldehyde groups may be 
present differ in their hydroxyl content, information about this would supplement the 
above data. To determine the relative number of hydroxyl groups from measurements of 
the hydroxyl band intensity, it must be assumed that the intensity per group remains the 
same irrespective of changes in the chemical and physical environment, which occur, for ex- 
ample, during oxidation. There is experimental evidence that the intensity is sufficiently 

* The value of 1-5, estimated from measurements on oxidised filter paper,’* is possibly too low. 
If so, the free carbonyl concentrations would be even lower than 15% and 25%. 

*® Gonzdlez, Adv. Carbohydrate Chem., 1956, 11, 97, and references therein. 
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constant in the samples concerned to permit a choice between groups which vary consider- 
ably in their hydroxyl content. Thus the hydroxy] intensity for a hydrated aldehyde group, 
where one hydroxyl group was free and the other intramolecularly hydrogen-bonded, was 
found to be very nearly twice that of a similarly bonded hydroxyl in a hemiacetal 
group.!? There is little similar information on hydroxyl groups, of different chemical 
types, intermolecularly hydrogen-bonded to one another. The hydroxyl intensity for 
alcohols is increased by hydrogen-bonding,'* while the band is shifted to a lower frequency 
and broadened, but the extent of such bonding in the substances examined here does not 
change much, as judged by the almost constant half-band width (Table) and frequency 
(ca. 3450 cm.*). 

Oxidation always decreased the ratio O.D.o-_ : O.D.c-~, measured in dry samples, and 
sometimes the ratio in dry unoxidised cellulose was even slightly greater than in an air-dry 
oxidised sample where adsorbed water would increase the hydroxyl intensity. This is 
evidence against the existence of all the aldehydes as hydrated groups, for this would 
involve a large increase (from 3 to 5 per chain unit) in the hydroxyl groups present and 
very probably an increase in the hydroxyl absorption as well. The presence of a large 
proportion of hydrated groups should also produce a much smaller hydroxyl, and a much 
greater carbonyl, absorption intensity on drying than are actually observed. On the other 
hand, the presence of a large proportion of hemiacetal groupings should cause the hydroxyl 
intensity in (dry) oxidised cellulose to be much smaller than observed, since there would 
be only one hydroxyl group where before oxidation there were three. (A large number 
of “ extended ’’ hemiacetal linkages such as *CH,*O-CH*O-CH-OH would be required to 


account for the few free aldehyde groups in dry, completely oxidised samples where there 
are insufficient hydroxyl groups to react with the aldehyde groups on a 1 : 1 basis.) 

If this interpretation is correct there must be a considerable proportion of hemialdal 
groups in periodate-oxidised cellulose. On the assumptions that the hydroxyl extinction 
coefficient is approximately constant and that all the groups originally hydrated would be 
dehydrated, the number of hemialdal groups in dry samples can be estimated semi- 
quantitatively from the resultsin the Table. This amounts to ca. 75% of the total 
aldehyde groups at 30°, falling to ca. 60°% after about 24 hours’ heating at 105°, the other 
25% (approx.) (40% after heating) being composed of free aldehydes and hemiacetal 
groups. Consequently, in the heated samples the amount of free aldehydes does not 
exceed 40°% and may be much smaller, depending on the number of hemiacetal groups 
present. From the relative O.D.q-o values, it is less than ca. 15% in the dry, unheated 
state. The value of +40% is not inconsistent with the two values of 15% and 25% 
calculated previously without invoking any results of measurements on the hydroxyl band. 

The free aldehydes liberated on heating come from the hemialdal groups, and this could 
account for the decrease in hydroxyl intensity that occurs at the same time. 

The main conclusions may be summarised as follows: (1) there are few free aldehyde 
groups in air-dry periodate-oxidised cellulose; (2) their number increases slightly when 
the sample is dried over phosphoric anhydride at 30° and considerably when it is heated 
at 105°; (3) the aldehyde groups liberated in the two stages in (2) are originally bound in 
two different ways by water, the hemialdal groups being more numerous than the hydrated 
groups; and (4) most of the aldehyde groups in 100% oxidised cellulose are in the form 
of hemialdal groups, the rest being free, hydrated, or in hemiacetal groups. 


I thank Dr. M. A. Parsons who oxidised the ‘‘ Cuprophane ”’ films, and Miss S. Burgess who 
prepared the oxidised viscose films and measured most of the spectra. 


British Cotton Inpustry RESEARCH ASSOCIATION, 
SHIRLEY INSTITUTE, MANCHESTER, 20. [Received, December 28th, 1959.] 


18 Davidson, J]. Textile Inst., 1941, 32, T109. 
17 Isbell, Smith, Creitz, Frush, Moyer, and Stewart, J. Res. Nat, Bur, Stand., 1957, 59, 41, 
18 Francis, J. Chem, Phys., 1951, 19, 505. 
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der- 
yup, 629. Derivatives of Acetoacetic Acid. Part X.* The Condensation of 
was Acetylenic Alcohols with «-Acyl Derivatives of Ethyl Acetoacetate and 
etal Diethyl Malonate. 
r- By R. N. Lacey. 
be Ethyl diacetylacetate condenses with tertiary ethynylcarbinols to give 
not 3-acetyl-2,5-dihydrofuran-2-one derivatives (III) (reaction B). But-3-yn-2-ol 
ney behaves similarly but affords a poor yield ; propargyl alcohol simply gives 
the trans-esterification product. Ethyl diacetylacetate and ethyl a-propionyl- 
acetoacetate condense with 2-phenylbut-3-yn-2-ol to give dienediones (II; 
and R* = COR) (reaction A). 
“dry Diethyl acetylmalonate and 1-ethynylcyclohexanol give a dihydrofuran- 
IS 1S one-ester (IX) and 2-acetyl-5,6,7,8-tetrahydro-1- -naphthol (reaction C). The 
yuld propionyl and butyryl derivatives of malonic ester give the corresponding 
and 2-acyl derivatives of 5,6,7,8-tetrahydro-l-naphthol. Diethyl acylmalonates 
arge condense with 2-methylbut-3-yn-2-ol and 3-methylpent-l-yn-3-o0l to give 
uch 2,5-dihydrofuran-2-ones; but with 2-phenylbut-3-yn-2-ol the acylmalonates 
ther give 2-acyl-5-phenylphenol derivatives by reaction C. 
oxyl THE action of heat on the acetoacetates of tertiary ethynylcarbinols CH?C-CRR’-OH, 
ould which gives conjugated dienones, was described in Part III of this series + and elsewhere.*% 
ber In an important modification of this reaction, Naves* has shown that similar products 
1 to are afforded by the pyrolysis:of a mixture of ethyl acetoacetate and the ethynylcarbinol. 
= In the present paper the reactions are studied between acetylenic alcohols and derivatives 
of acetoacetic ester such as ethyl diacetylacetate and various diethyl acylmalonates in 
Idal the expectation that products such as (II; R* = COR or CO,Et) might be formed. 
tion RICH,*CR*(OH)*CCH + EtO,C*CHR"COR? ——p RICH,CR2CH*CHICR“COR? (Reaction A) 
1 be me (11) 
aeert When ethyl diacetylacetate and 1-ethynylcyclohexanol were heated together with 
otal continuous removal of low-boiling products, the temperature rapidly rose and 
ther predominantly ethanol and ethyl acetate distilled; carbon dioxide was evolved but 
etal in amount only 50% of that expected from the above equation. Isolation gave a crystalline, 
not unsaturated acetyl-y-lactone (III; RR? = [CH,],>) in 375% yield. Spectroscopic 
4 comparison with the known lactone (IV) and with the 8-lactone (V) {representative of an 
— alternative possible structure (VI; R!R? = [CH,],>)}, and, finally, independent synthesis 
iM from l-acetylcyclohexyl acetoacetate by the method described in Part I *® confirmed this 
and, structure (cf. Table 1). 
ould 
Et r= Ac Ac NyA 
yde ‘a 1 “Co RI: cnt 1s 
yhen ag ‘ 
ated (IV) (VI) 
dia Me Ac Me: 2 pre 
ated (I) + EtO,C-CHAc, —> . onl 1, we tr or? (Reaction B) 
orm (111) (VII) 
Carrying out the condensation in a high-boiling alcohol did not give higher yields. 
who This suggested that the ethyl acetate evolved did not arise from the interaction of an 
* Part IX, J., 1958, 2134. 
1 Lacey, J.,‘1954, 827. 
9.) 1087, Kimel and Sax, U.S.P. 2, 661, 368; Kimel, Surmatis, Weber, Chase, Sax, and Ofner, J. Org. Chem., 
3 Preobrazhenski, Somokhvalov, and Miropol’skaya, Doklady Akad. Nauk S.S.S.R., 1956, 107, 103. 
* Naves, Compt. rend., 1955, 240, 1437 
® Lacey, J., 1954, 816. 
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intermediate with ethanol formed by transesterification but was formed as the result of 
an intermolecular reaction, tentatively formulated as shown. 


H*¥ HCeC *CHac>coMe rampe + EtOAc + Ht 
R'- “CH, R?C coLoe —? RICH, Ng O > (III) 


p 


An oily by-product, which could not be purified, had an infrared spectrum characteristic 
of a substituted acetophenone. It is considered to have structure (VIII), having arisen 
by cyclisation of an intermediate (II; R'R? = [CH,],>, R® = Me, R* = Ac) formed by 
reaction A. Oxidation of this ketone (VIII) by sodium hypobromite gave an acid whose 
spectral properties were consistent with those of 5,6,7,8-tetrahydro-1-methyl-2-naphthoic 
acid. 

Me 


Me 
O™ Ac Ac 
| —_ 
S (VIII) 


The reaction of ethyl diacetylacetate with 2-methylbut-3-yn-2-ol (I; R! = H, R? = 
Me) and with 3-methylpent-l-yn-3-ol (I; R! = R? = Me) proceeded similarly, giving 
lactones of the type (III), the structures of which were confirmed by comparison with 
specimens prepared by the cyclisation of the acetoacetates (VII), but no acetophenone 
derivative was found. The formation of much high-boiling material may probably be 
ascribed to polymerisation of dienediones formed by reaction A; evolution of carbon 
dioxide and formation of ethanol are consistent with a substantial fraction of the total 
reaction being of this type. 

There seemed to be no reason to expect that formation of 3-acyldihydrofuranones (III) 
would be confined to reactions involving tertiary ethynylcarbinols. But-3-yn-2-ol, on 
being heated with ethyl diacetylacetate, gave a small yield of a lactone (III; R! = R?= 
H), identified by conversion on treatment with acetic—hydrochloric acid into 2,4,5-tri- 
methylfuran-3-carboxylic acid; ® propargyl alcohol, however, gave only propargyl diacetyl- 
acetate under these conditions. It is suggested that greater success in the formation of 
lactones (III) is achieved with tertiary carbinols than with secondary or primary alcohols 
(which undergo alcoholysis), because of the smaller tendency of tertiary alcohols to undergo 
alcoholysis. 

The reaction of ethyl diacetylacetate with 2-phenylbut-3-yn-2-ol (I; R'=H, 
R? = Ph) failed to follow path B but gave the crystalline dienedione (II; R' =H, 
R? = Ph, R* = Me, R* = Ac) in 25—30% yield, together with ethanol and carbon dioxide 
in good yield, according to reaction A. The analogous reaction with ethyl «-propionyl- 
acetoacetate proceeded similarly, and one of the possible stereoisomers of compound 
(II; R!' =H, R?= Ph, R*= Et, R*= Ac) was obtained crystalline in small yield. 
Spectroscopic comparison with 3-acetyl-6-phenylhexa-3,5-dien-2-one confirmed the 
structures assigned (see Table 3). 

Diethyl acetylmalonate and the alcohol (I; R! = H, R? = Me) at 100—200° gave 
ethyl acetate, ethanol, carbon dioxide, and the «-ethoxycarbonyl-y-lactone (IX; R! = H, 
R? = Me), identified by comparison with a specimen prepared from diethyl malonate 
and 3-hydroxy-3-methylbutan-2-one (XI; R! =H, R? = Me) (cf. ref. 7) and by mild 
alkaline hydrolysis to a crystalline acid (X; R!=H, R?= Me). The formation of 
compounds of type (IX) is analogous (reaction B’) to the formation of 3-acetyl derivatives 
in the corresponding reactions of ethyl diacetylacetate. Similar reactions of the alcohol 
(I; R' = H, R? = Me) with the propionyl and benzoyl derivatives of malonic ester both 


® Lacey, J., 1954, 822. 
7 Cologne and Dreux, Compt. rend., 1956, 248, 498. 
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gave the same lactone (IX; R' = H, R* = Me) with elimination of ethyl propionate 
and ethyl benzoate respectively ; the 4-methyl group in the product must: therefore 
originate from the ethynyl group in the alcohol (I; R! = H, R? = Me) and not from the 
acyl group of the substituted malonic ester, as could be supposed in the case involving 
diethyl acetylmalonate. 


° Mer——= CO, Et 
in + CH(COR)-CO,Et r?_[| | | + R+CO,Et (Reaction B’) 
CO,Et R'*CH,~ \o~"O 
Me-CO —CHyCO,Et (IX) Me p=) CO;H 
Rc + Coe rt 
R'-CH,~ ‘OH = R'-CH, Oo oO 
(XI) (X) 
The alcohol (I; R! = R? = Me) with both the acetyl and the benzoyl derivative of 


malonic ester gave the wrath (IX; R? = R? = Me) which, however, was not obtained 
pure. The reactions of 1-ethynylcyclohexanol with a-acylmalonic esters were strikingly 
anomalous. The action of heat on a mixture of the alcohol (I; R'R? = [CH,],>) and 
diethyl acetylmalonate (1-25 mols.) gave carbon dioxide, a low-boiling distillate (70% 
ethanol, 30% ethyl acetate), and about 30% of a crystalline ketone with ultraviolet and 
infrared spectra (see Table 2) typical of an o-hydroxyacetophenone. Comparison with 
an authentic specimen showed that the solid product was 2-acetyl-5,6,7,8-tetrahydro- 
l-naphthol (XII; R= Me) (reaction C). The crude distilled product, before purific- 
ation by crystallisation, showed infrared bands at 1767 and 1712 cm.+ which, coupled 
with the observed formation of ethyl acetate, showed that some 8-lactone (IX; R!R? = 
(CH,],>) (cf. Table 1) had also been formed (reaction B). In a second condensation, in 
which a 30% excess of the alcohol (I; R'R* = [CH,],>) was used, the lactone (IX) was the 
main product; it was obtained crystalline and gave a crystalline acid on hydrolysis. A 
sample was also prepared by condensing l-acetylcyclohexanol with diethyl malonate. 
Diethyl butyrylmalonate and diethyl propionylmalonate condensed with the alcohol (I; 
R'R? = [CH,],>) according to path C, to give 2-butyryl and 2-propionyl derivatives 
(XII; R = Pr" and R = Et) respectively; authentic specimens were prepared by Fries 
rearrangement of the appropriate 1-acyloxy-5,6,7,8-tetrahydronaphthalenes. 





CO,Et CO,Et 
OH FOC} CO,Et y-COR - \-cor 
> - | 
C=CH COR , SX 
(XIII) (XIV 
+ EtOH + CO, “ aed 
CO,£t OH 9 OH 
a COMe ze) COMe COR COR 
2 ‘o —> HC, a 
H iV 
come s ° a , (XV) (XII) 
(I) + CHCOR? —> R? +e ee (Reaction C) 
CO,Et . (XVI) 


A suggested mechanism for these reactions is presented in formule. The first step 
involves the linkage of the ethynyl group to the anion derived from the acylmalonic ester 
in the way proposed * for the condensation of tertiary ethynylcarbinols and ethyl aceto- 
acetate, with the elimination of carbon dioxide and ethanol to give the mesomeric anion 
(XIII). This could readily rearrange to (XIV), stabilised by conjugation through the 
diene system with the acyl group. Interaction of the ethoxycarbony]l group and the carbon 
atom bearing the negative charge would be sterically favoured and is analogous in 





























Spectra of lactones. 


TABLE lI. 
Ultraviolet 
ae A— ——) 
Compound Anon. (A) € 
SUD cxsntibacinanenssiiiiipdaigeinndann 2300 12,000 
2250 7,000) « 
(end abs.) } 
3170 5,500 
ie -- aienniddinitaineiaantimabinéenabiel 2300 11,800 
(III; R*R* = (CH,],>) ......... 2350 11,500 
2530 12,500. 
3070 11,500 
(III; R? = H, R? = Me) ...... 2300 10,000 
2525 11,000)¢ 
3065 12,0005 
(III; R! = R* = Me) ............ 2325 10,800 
2560 13,000) 
3080 11,5005 
(IX; R! = H, R? = Me) _....... 2185 13,000 
(IX; R! = R® = Me) ............ _ on 
(IX; R'R* = (CH,],>) ......... 2250 12,500 


sal : 
lactone 


ring 
CO 
(str.) 
1770 


1736 
1770 


1770 


1760 


1776 
1773 
1770 
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Infrared (cm.~!) 


side- 

chain 
CO 
(str.) 
1695 


1700 
1695 


1695 


1698 


1715 
1713 
1712 


In 0-1N-sodium hydroxide in 9: 1 ethancl—water. 


TABLE 2. 
Ultraviolet 

' rae: 

Awaz. (A) € 
(XII; R = Me) 2220 25,500 
2680 15,000 
3340 4,500 
(XII; R = Et) 2220 23,500 
2680 15,000 
3300 4,600 
(XII; R = Pr") 2220 26,500 
2710 15,000 
3340 4,500 
(XVI; R! = H, R* = Ph, R? = 2860 23,000 
Me) 3340 7,000 
(XVI; R! =H, R*= Ph,R?= 2860 22,500 
Et) 3330 7,500 


(II; R' = H, R? = 
(II; R! = H, R? = 
Ph-CH:CH-CH:CAc, 


(II; R! =H, R* = 


CO, Et) 


* 1,2,4-Substitution. 


TABLE 3. Spectra of dienones. 


Ph, R® = Me, R‘ = Ac) 
Ph, R* = Et, R* = Ac) 


Ph, R® = Et, R‘ = 


Ph:CH:CH-CH:CAc:’CO,Et 


Ph-CH:CH:CH:CH’CO,Et 


* In addition, these compounds showed typical “ aromatic ’” and ‘‘ monosubstituted aromatic ” 
bands at 1583, 1497, 760, and 695 cm."!. ¢ Impurity, possibly (IX; Rt = H, R* = Ph). 


4 Typical of trans-trans-diene acids and esters. 


Spectra of 2-acylphenols. 


C:C 
(str.) 
1630 


1618 
1635 


1635 


1630 


1656 
1655 
1658 


Infrared (cm.~) 
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a 
CO 
(str.) 
1633 
- 1633 
1633 


1646 


1646 


Ultraviolet 
<a 
Assis; (A) Eat 

3300 30,500 

2380 7,500 

3275 25,000 

2390 8,400 

3320 34,000 

2380 10,000 

3200 22,000 

2350 9,000 

3290 28,500 

2355 8,600 

3090 36,500 

2395 7,900 

2325 10,000 

2270° 9,000 


>’ Shoulder. 
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1626 
1562 
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> Monosubstituted benzene ring. 
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mechanism to that for Claisen-type condensations; rearrangement of the diketone (XV) 
to (XII) completes the chain of reactions. An interesting, similar cyclisation.of ethyl 
a-piperonylideneacetoacetate in pyridine-piperidine at 100°, due to Howell and Taylor,® 
js also illustrated above, as is the generalised reaction to give o-acylphenols. 

The condensation of 2-phenylbut-3-yn-2-ol and diethyl acetylmalonate at 150—200° 
followed path C with elimination of ethanol and carbon dioxide, to give 2-acetyl-5-phenyl- 
phenol (XVI; Rt =H, R* = Ph, R* = Me) in 27% yield. Similarly, the alcohol (I; 
R! = H, R? = Ph) and diethyl propionylmalonate gave a 10% yield of crystalline ketone 
(XVI; R' = H, R* = Ph, R*® = Et), with a liquid by-product. Spectroscopic examin- 
ation of the latter (see Table 3) and comparison with ethyl «-cinnamylideneacetoacetate 
suggested the structure (II; R'=H, R?= Ph, R®= Et, R*= CO,Et) arising from 
reaction A. A small infrared C:0 band at 1780 cm.* suggested that the by-product also 
contained small amounts of the lactone ester (IX; R! = H, R*? = Ph) formed by reaction B’. 
Diethyl butyrylmalonate and the alcohol (I; R! = H, R? = Ph) gave no solid product, 
but infrared spectra showed the presence of an unsaturated keto-ester, presumably (II; 
R! =H, R? = Ph, R* = Pr, R* = CO,Et), and minor amounts of the iactone ester 
(IX; R! = H, R? = Ph) and acylphenol (XVI; R! = H, R? = Ph, R* = Pr‘), formed 
by reactions A, B’, and C respectively. 


EXPERIMENTAL 

M. p.s are corrected. Infrared and ultraviolet spectroscopic data refer to CCl, and EtOH 
solutions respectively. 

Reactions of Ethynylcarbinols with Ethyl Diacetylacetate——(a) With 1-ethynylcyclohexanol. 
Ethyl diacetylacetate (137-5 g., 0-8 mole) and 1-ethynylcyclohexanol (74-5 g., 0-6 mole) were 
heated together beneath a short distillation column fitted with a distillation head. During 
3hours’ heating, the temperature rose from 140° to 190°; material of b. p. <80° (29 g.; ethanol, 
42%; ethyl acetate 51%; acetone 5%) was removed at the head of the column during the 
reaction, and gas (7-5 1.), predominantly carbon dioxide, was evolved. Distillation gave a 
mixture of starting materials (29 g.) and an oil (75-1 g.), b. p. 130—150°/2 mm., which partially 
crystallised. The solid (47-0 g., 37-5%) was isolated by rubbing the whole with light petroleum 
(b. p. 60—80°), from which it crystallised to give 4-acetyl-2,5-dihydro-3-methyl-5-oxofuran-2- 
spirocyclohexane (III; R*R* = [CH,],>) as prisms, m. p. 101° (Found: C, 68-9; H, 7-7. 
CyH,,0,; requires C, 69-2; H, 7-75%). This gave a 2,4-dinitrophenylhydrazone as orange 
needles, m. p. 206° (decomp.), from ethyl acetate (Found: C, 55°35; H, 5-4; N, 14-7. 
CygsHygO,N, requires C, 55-65; H, 5:2; N, 14-45%). 

The mother-liquor was washed several times with warm 10% sodium hydroxide solution 
and distilled, to give an oil supposed to be mainly 6-acetyl-1,2,3,4-tetrahydro-5-methylnaphthalene 
(VIII), b. p. 110—114°/0-6 mm., 7,” 1-5500. Spectroscopic examination showed the product 
to contain about 5% of the spiran (III); bands attributed to the ketone (VIII) were 1687 
(C:O str.), 1595 (aromatic ring in conjugation with carbonyl group), 806 (8-CH aromatic), and 1895 
cm.7 (1,2,3,4-aromatic substitution). The oil (1-0 g.) was stirred with aqueous potassium 
hypobromite (from 3 g. of bromine and 4 g. of potassium hydroxide in 20 ml. of water) at room 
temperature for 3 hr. The excess of reagent was destroyed with sodium sulphite solution; 
the whole was filtered and acidified to give a precipitate (0-6 g.) which on crystallisation from 
aqueous ethanol gave 5,6,7,8-tetrahydro-1-methyl-2-naphthoic acid as plates, m. p. 167° (Found: 
C, 75-55; H, 7-9. C,,H,,O, requires C, 75-75; H, 7-4%), Amax. 2395 (e 10,600), 2825 A (e 1350) 
(cf. 5,6,7,8-tetrahydro-2-naphthoic acid,® Amax, 2420 (¢ 12,000), 2780 (< 1200), 2880 A (e 1000)}. 

The spiran (III) was also prepared (cf. ref. 5) by adding diketen (29 g.) to a boiling solution 
of l-acetylcyclohexanol (47 g.) in toluene (100 ml.) containing triethylamine (2 ml.) during 0-5 
hr.; water was eliminated by means of a trap. After 1 hour’s refluxing, the solvent was 
evaporated and the residue crystallised from light petroleum (b. p. 60—80°), to give the spiran 
(49 g., 71%), m. p. and mixed m. p. 101°. 

(b) With 2-methylbut-3-yn-2-ol. Ethyl diacetylacetate (60 g., 0-35 mole) and 2-methylbut-3- 
yn-2-ol (42 g., 0-5 mole) were condensed as described above. The temperature rose from 135° 

® Howell and Taylor, J., 1956, 4252. 

* Dauben, Hiskey, and Markhart, /. Amer. Chem. Soc., 1951, 78, 1395. 
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(IX; Rt = H, R? = Me) 


#12 
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(TIE; R* = R* = Me) ...... 


(IX; R! = R* = Me) ...... 
(IX; R'!R? = (CH,]|>) ... 
In 0-1N-sodium hydroxide in 9: 1 ethanol—water. 


TABLE 1. Shectra of lactones. 


Ultraviolet 
’ i 
Amex. (A) € 
SRE 2300 12,000 
2250 7,000) « 
(end abs.) } 
3170 5,500 
ae 2300 11,800 
Tse: 2350 11,500 
2530 12,500) 
3070 11,500 
Rhee 2300 10,000 
2525 11,000) 
3065 12,0005 
jededa 2325 10,800 
2560 13,000) 
3080 11,5005 
eae 2185 13,000 
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Infrared (cm.~!) 


side- 

chain 
C:O 
(str.) 
1695 


1700 
1695 


1695 
1698 


1715 
1713 
1712 


TABLE 2. Spectra of 2-acylphenols. 





Ultraviolet 

Anon, 

Awaz. (A) e 
(XII; R = Me) 2220 25,500 
2680 15,000 
3340 4,500 
(XII; R = Et) 2220 23,500 
2680 15,000 
3300 4,600 
(XII; R = Pr") 2220 26,500 
2710 15,000 
3340 4,500 
(XVI; R! = H, R* = Ph, R® = 2860 23,000 
Me) 3340 7,000 
(XVI; R! = H, R*? = Ph, R? = 2860 22,500 
Et) 3330 7,500 


4-Substitution. *® Monosubstituted benzene ring. 


TABLE 3. Spectra of dienones. 


C:C C-0-C 
(str.) 
1630 ~1050 


1618 om 
1635 ~1030 


1635 ~1030 


1630 1026 
1656 ~ 1050 
1655 ~1050 
1658 1057 


Infrared (cm.~) 





a > 
subst. 
Cio arom. arom. 
(str.) bands bands OH 
1633 1585 1880 ~800 
1500 ~ 2900 
1633 1585 1880 ~800 
1500 ~2900 
1633 1585 1880 ~800 
1500 ~2900 
1646 1626 813¢ ~790 
1565 760), 
1497 Gog}? ~2900 
1646 1626 802¢ ~785 
1562 7601, 
1493 694 ~2000 


Ultraviolet 

a <a. 

max. (A) € 
(II; R! = H, R? = Ph, R* = Me, R‘ = Ac) 3300 30,500 
2380 7,500 
(II; R? = H, R* = Ph, R* = Et, R* = Ac) 3275 25,000 
2390 8,400 
Ph-CH:CH:-CH:CAc, 3320 34,000 
2380 10,000 
(II; R? = H, R* = Ph, R® = Et, R‘ = 3200 22,000 
CO,Et) 2350 9,000 
Ph-CH:CH-CH:CAc:CO,Et 3290 28,500 
2355 8,600 
Ph°CH:CH-CH:CH:’CO,Et 3090 36,500 
2395 7,900 
2325 10,000 
2270° 9,000 


¢ Impurity, possibly (IX; R! = H, R* = Ph). 


Infrared (cm.~) 
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1715 
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* In addition, these compounds showed typical ‘“‘ aromatic ” and ‘‘ monosubstituted aromatic ” 
bands at 1583, 1497, 760, and 695cm.-!. ® Shoulder. 
4 Typical of trans-trans-diene acids and esters. 
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mechanism to that for Claisen-type condensations; rearrangement of the diketone (XV) 
to (XII) completes the chain of reactions. An interesting, similar cyclisation of ethyl 
a-piperonylideneacetoacetate in pyridine—piperidine at 100°, due to Howell and Taylor,® 
is also illustrated above, as is the generalised reaction to give o-acylphenols. 

The condensation of 2-phenylbut-3-yn-2-ol and diethyl acetylmalonate at 150—200° 
followed path C with elimination of ethanol and carbon dioxide, to give 2-acetyl-5-phenyl- 
phenol (XVI; R'=H, R? = Ph, R* = Me) in 27% yield. Similarly, the alcohol (I; 
R! = H, R* = Ph) and diethyl propionylmalonate gave a 10% yield of crystalline ketone 
(XVI; R'= H, R* = Ph, R* = Et), with a liquid by-product. Spectroscopic examin- 
ation of the latter (see Table 3) and comparison with ethyl «-cinnamylideneacetoacetate 
suggested the structure (II; R'=H, R?= Ph, R?= Et, R*=CO,Et) arising from 
reaction A. A small infrared C‘O band at 1780 cm.* suggested that the by-product also 
contained small amounts of the lactone ester (IX; R! = H, R? = Ph) formed by reaction B’. 
Diethyl butyrylmalonate and the alcohol (I; R! = H, R? = Ph) gave no solid product, 
but infrared spectra showed the presence of an unsaturated keto-ester, presumably (II; 
R! =H, R? = Ph, R*? = Pr, R* = CO,Et), and minor amounts of the lactone ester 
(IX; R! = H, R* = Ph) and acylphenol (XVI; R! = H, R? = Ph, R® = Pr*), formed 
by reactions A, B’, and C respectively. 


EXPERIMENTAL 

M. p.s are corrected. Infrared and ultraviolet spectroscopic data refer to CCl, and EtOH 
solutions respectively. 

Reactions of Ethynylcarbinols with Ethyl Diacetylacetate—(a) With 1-ethynylcyclohexanol. 
Ethyl diacetylacetate (137-5 g., 0-8 mole) and 1l-ethynylcyclohexanol (74-5 g., 0-6 mole) were 
heated together beneath a short distillation column fitted with a distillation head. During 
$hours’ heating, the temperature rose from 140° to 190°; material of b. p. <80° (29 g.; ethanol, 
42%; ethyl acetate 51%; acetone 5%) was removed at the head of the column during the 
reaction, and gas (7-5 1.), predominantly carbon dioxide, was evolved. Distillation gave a 
mixture of starting materials (29 g.) and an oil (75-1 g.), b. p. 130—150°/2 mm., which partially 
crystallised. The solid (47-0 g., 37-5%) was isolated by rubbing the whole with light petroleum 
(b. p. 60—80°), from which it crystallised to give 4-acetyl-2,5-dihydro-3-methyl-5-oxofuran-2- 
spirocyclohexane (III; R'R* = (CH,],>) as prisms, m. p. 101° (Found: C, 68-9; H, 7-7. 
CyH,.O, requires C, 69-2; H, 7-75%). This gave a 2,4-dinitrophenylhydrazone as orange 
needles, m. p. 206° (decomp.), from ethyl acetate (Found: C, 55-35; H, 5-4; N, 14-7. 
CysHygO,N, requires C, 55-65; H, 5-2; N, 14-45%). 

The mother-liquor was washed several times with warm 10% sodium hydroxide solution 
and distilled, to give an oil supposed to be mainly 6-acetyl-1,2,3,4-tetrahydro-5-methylnaphthalene 
(VIII), b. p. 110—114°/0-6 mm., »,” 15500. Spectroscopic examination showed the product 
to contain about 5% of the spiran (III); bands attributed to the ketone (VIII) were 1687 
(C:0 str.), 1595 (aromatic ring in conjugation with carbonyl group), 806 (8-CH aromatic), and 1895 
cm.+ (1,2,3,4-aromatic substitution). The oil (1-0 g.) was stirred with aqueous potassium 
hypobromite (from 3 g. of bromine and 4 g. of potassium hydroxide in 20 ml. of water) at room 
temperature for 3 hr. The excess of reagent was destroyed with sodium sulphite solution; 
the whole was filtered and acidified to give a precipitate (0-6 g.) which on crystallisation from 
aqueous ethanol gave 5,6,7,8- -tetrahydro- 1-methyl-2-naphthoic acid as plates, m. p. 167° (Found: 
C, 75-55; H, 7-9. C,,H,,O, requires C, 75-75; H, 7-4%). Amax, 2395 (e 10,600), 2825 A (e 1350) 
[cf. 5,6,7,8-tetrahydro-2-naphthoic acid,® rmx 2420 (e 12,000), 2780 (c 1200), 2880 A (e 1000)). 

The spiran (III) was also prepared (cf. ref. 5) by adding diketen (29 g.) to a boiling solution 
of l-acetylcyclohexanol (47 g.) in toluene (100 ml.) containing triethylamine (2 ml.) during 0-5 
hr.; water was eliminated by means of a trap. After 1 hour’s refluxing, the solvent was 
evaporated and the residue crystallised from light petroleum (b. p. 60—80°), to give the spiran 
(49 g., 71%), m. p. and mixed m. p. 101°. 

(b) With 2-methylbut-3-yn-2-ol. Ethyl diacetylacetate (60 g., 0-35 mole) and 2-methylbut-3- 
yn-2-ol (42 g., 0-5 mole) were condensed as described above. The temperature rose from 135° 


* Howell and Taylor, J., 1956, 4252. 
® Dauben, Hiskey, and Markhart, J. Amer. Chem. Soc., 1951, 78, 1395. 
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to 180° during 4 hr.; distillate (14-5 g.; ethanol, 50%; ethyl acetate, 40%) was collected and 
carbon dioxide (3-3 1.) was evolved. The product was distilled to give an oil (26-2 g.), b. p, 
130—135°/13 mm., which solidified. Crystallisation from light petroleum (b. p. 60—80°) gave 
3-acetyl-2,5-dihydro-4,5,5-trimethylfuran-2-one (III; R!= H, R* = Me) as needles, m. p. 
50-5° (lit.,? m. p. 50°). 

(c) With 3-methylpent-1-yn-3-ol. Ethyl diacetylacetate (50 g., 0-27 mole) and 3-methylpent- 
1-yn-3-ol (29-5 g., 0-3 mole) were condensed as above. The temperature rose to 230° during 
2-5 hr., distillate (13-5 g.), b. p. 70—75°, was removed, and carbon dioxide (2-0 1.) was evolved, 
Distillation gave 3-acetyl-5-ethyl-2,5-dihydro-4,5-dimethylfuran-2-one (8-1 g.) (III;. R! = R? = 
Me), b. p. 135—140°/13 mm., m,,”° 1-4859 (Found: C, 65-9; H, 7°85. C, 9H,,O; requires C, 65-9; 
H, 775%), which gave a semicarbazone, needles, m. p. 215—216° (from ethanol) (Found: 
C, 55°35; H, 7-0; N, 17-65. (C,,H,,O,;N, requires C, 55-2; H, 7-2; N, 17-55%). 

The lactone (21-5 g.) was also prepared from 3-hydroxy-3-methylpentan-2-one (23-2 g.) and 
diketen (17-5 g.) by the general method,’ then having b. p. 147—149°/17 mm., ,”° 1-4823 
(semicarbazone, m. p. and mixed m. p. 215°). 

(d) With but-3-yn-2-ol. Ethyl diacetylacetate (50 g.) and but-3-yn-2-ol (21 g.) were con. 
densed as above. The temperature rose to 230° during 2-5 hr.; distillate (10-5 g.), b. p. 70—75°, 
was collected; carbon dioxide (2-0 1.) was evolved. Distillation of the residue gave 3-acetyl- 
2,5-dihydro-4,5-dimethylfuran-2-one (6-4 g.) (III; Rt = R* = H), b. p. 136—142°/15 mm., 
n,* 1-4868 (lit.,5 b. p. 134—138°/12 mm., ,*° 1-4915). After the lactone (1-0 g.) had been 
heated in acetic acid (10 ml.) and concentrated hydrochloric acid (5 ml.) ® at 100° for 1 hr., 
addition of water and crystallisation of the precipitate from aqueous methanol gave 2,4,5-tri- 
methylfuran-3-carboxylic acid, m. p. and mixed m. p. 131° (lit.,° 131—132°). 

(e) With propargyl alcohol. Ethyl diacetylacetate (50 g.) and propargyl alcohol (19 g.) were 
heated together. In 5 hr. ethanol (13 ml.) distilled and the temperature rose to 180°. Distil- 
lation of the product gave propargyl diacetylacetate (8 g.), b. p. 119—124°/15 mm., which crystal- 
lised as plates, m. p. 39° [from light petroleum (b. p. 40—60°)] (Found: C, 59-35; H, 5-55. 
CyH,O, requires C, 59-15; H, 5°5%), Amax, 2760 A (e 9700), end absorption 2100 A (¢ 8500), vay 
3260 (CH str. in CH), 2120 (C=C str.), 1718 (C=O str.), and 1540 cm. (broad “ enol ’’ band). 

(f) With 2-phenylbut-3-yn-2-ol. Ethyl diacetylacetate (39 g., 0-22 mole) and 2-phenylbut-3- 
yn-2-ol (29-2 g., 0-2 mole) were condensed as above. The temperature was allowed to rise to 
170° during 3 hr. Material (8 g.; b. p. 75—78°; consisting of ethanol 89%, ethyl acetate 7%, 
and acetone 4%) distilled, and carbon dioxide (5-2 1.) was evolved. The residue was distilled 
to give an oil (18-2 g.), b. p. 140—160°/0-8 mm., which, on crystallisation from light petroleum 
(b. p. 40—60°), gave 3-acetyl-6-phenylhepta-3,5-dien-2-one (II; R! = H, R* = Ph, R* = Me, 
R* = Ac) (11-0 g.) as pale yellow needles, m. p. 73°5° (Found: C, 81-1, 79-85; H, 7-45, 7-45. 
C,,;H,,O, requires C, 78-9; H, 7-05%). The product formed a semicarbazone, needles, m. p. 
206-5° (from ethanol) (Found: C, 66-9; H, 6-75; N, 14-65. ©C,,H,,O,N, requires C, 67-35; 
H, 6-7; N, 14:8%), a dark red 2,4-dinitrophenylhydrazone, powder, m. p. 207° [from toluene- 
light petroleum (b. p. 60—80°)] (Found: C, 61-35; H, 4-85; N, 14-2. C,,H., O;N, requires 
C, 61-75; H, 4:95; N, 13-75%), and a pink colour with aqueous ferric chloride. 

2-Phenylbut-3-yn-2-ol (29-2 g.) and ethyl «-propionylacetoacetate (41 g.) were heated at 
160—200° for 2 hr. as above. Distillate (8-0 g.) and carbon dioxide (4-0 1.) were obtained. 
Isolation gave 4-acetyl-7-phenylocta-4,6-dien-3-one (3-7 g.), b. p. 164—171°/1 mm., which 
crystallised from light petroleum as needles, m. p. 82—83° (Found: C, 79-2; H, 7-65. C,gH,,0, 
requires C, 79-3; H, 7-5%). 

Reactions of Ethynylcarbinols with Acylmalonic Esters.—(a) With 2-methylbut-3-yn-2-ol. (i) 
Diethyl acetylmalonate (50-5 g., 0-25 mole) and 2-methylbut-3-yn-2-ol (21 g.) were caused te 
react as above. The temperature rose from 112° to 223° during 2 hr.; carbon dioxide (2-0 1.) 
was evolved; distillate, b. p. 70—78° (11 g., ethanol, 40%; ethyl acetate, 50%), was collected. 
The residue was distilled, to give ethyl 2,5-dihydro-4,5,5-trimethyl-2-oxofuran-3-carboxylate 
(IX; R! = H, R? = Me) (10-2 g.), b. p. 170—175°/15 mm., »,”° 1-4862, which crystallised. 
Recrystallisation from light petroleum (b. p. 40—60°) gave the ester as needles, m. p. and mixed 
m. p. 34° (lit.,? m. p. 36°, b. p. 168°/16 mm.). 

Hydrolysis of the ester (IX; R! = H, R* = Me) (0-5 g.) by shaking it at 50° with 10% 
aqueous sodium hydroxide (10 ml.) for 0-5 hr., acidification with hydrochloric acid, and isolation 
with ether gave 2,5-dihydro-4,5,5-trimethyl-2-oxofuran-3-carboxylic acid (0-4 g.) (X; R!=H, 
© Reichstein, Zschokhe, and Syz, Helv. Chim. Acta, 1932, 15, 1112. 








fa ft Or ee ee Oe Oe 


ai ee ss at ae 





and 


gave 
. p. 


ent- 
ring 
ved, 
¢2 = 
5-9; 
ind: 


| at 
ed. 
Lich 


(i) 
| te 
) 1.) 
ate 


xed 


% 
ion 








(1960) Lacey: Derivatives of Acetoacetic Acid. Part X. 3159 


R? = Me), needles, m. p. 115-5—116-5° [from benzene-light petroleum (b. p. 60—80°)] (Found: 
C, 568; H, 605%; equiv., 168. C,H ,O, requires C, 56-45; H, 5-9%; equiv:, 170), end 
absorption, 2100 A (e 12,000). 

(ii) Diethyl propionylmalonate (21-6 g.) and 2-methylbut-3-yn-2-ol (8-5 g.) were refluxed 
together for 4 hr.; the temperature rose from 126 to 230°; no distillate was removed; there 
was only a small evolution of gas. Distillation of the residue gave the ester (IX; R! = H, 
R? = Me) (8-8 g.), b. p. 126—132°/1-5 mm., which solidified. Crystallisation of a portion from 
light petroleum (b. p. 40—60°) gave the pure product as needles, m. p. and mixed m. p. 33—34°. 

(iii) Diethyl benzoylmalonate (26-4 g.) and 2-methylbut-3-yn-2-ol (9-0 g.) were heated 
together under reflux. The temperature rose from 128° to 202° during 12 hr.; there was 
substantially no gas evolution. The residue was distilled, to give ethyl benzoate (infrared 
analysis indicated ca. 75% purity) (7-0 g.), b. p. 88°/12 mm., and the ester (IX; R! = H, 
R? = Me) (9-4 g.), b. p. 167—170°/12 mm., m. p. and mixed m. p. 33—34°. 

(b) With 3-methylpent-1-yn-3-ol. (i) Diethyl acetylmalonate (50 g.) and 3-methylpent-1- 
yn-3-ol (25 g.) were heated together for 4 hr., during which the temperature rose to 235°, 3 1. 
of gas were evolved, and a mixture (12 g.), b. p. 70—78°, of ethanol and ethyl acetate was 
removed. Distillation of the residue gave an oil (19-3 g.), b. p. 122—130°/1-0 mm., m,,*° 1-4828. 

(ii) Diethyl benzoylmalonate (79 g.) and 3-methylpent-1l-yn-3-ol (30 g.) were heated under 
reflux for 20 hr.; the final temperature was 200°. Distillation gave ethanol (3-4 g.), ethyl 
benzoate (32 g.), and an oil (12-6 g.), b. p. 135—140°/1-5 mm., m,,”° 1-4970. 

Infrared examination of the products and comparison with the spectrum of the lactone 
(IX; R! = H, R* = Me) indicated that the products from the two experiments above consisted 
of ethyl 5-ethyl-2,5-dihydro-4,5-dimethyl-2-oxofuran-3-carboxylate (IX; R! = R* = Me) and 
were approximately 90% pure; no satisfactory analyses were obtained. 

(c) With 1-ethynylcyclohexanol. (i) Diethyl acetylmalonate (124-5 g., 0-62 mole) and 
l-ethynylcyclohexanol (62-0 g., 0-5 mole) were heated together for 5 hr. The temperature rose 
from 155° to 180°, carbon dioxide (9-0 1.) was evolved; distillate, b. p. 73—75° (23-6 g.; ethanol 
70%, ethyl acetate 30%), was removed. Distillation of the residue gave an oil (29-5 g.), b. p. 
131—141°/2 mm., which solidified. Recrystallisation from aqueous methanol gave 2-acetyl- 
5,6,7,8-tetrahydro-l-naphthol (XII; R = Me), m. p. and mixed m. p. 47—48° (lit.,4 m. p. 
46-5—47°) (Found: C, 75-25; H, 7-35. Calc. for C,,H,,O,: C, 75-75; H, 7:-4%). An oxime 
gave needles, m. p. 154-5—155°, from light petroleum (b. p. 60—80°) (lit.,4! m. p. 154-5—-156°). 
A red 2,4-dinitrophenylhydrazone had m. p. 247—248° (from butan-l-ol) (Found: C, 58-8; 
H, 5-05; N, 15-1. C,,H,,0O;N, requires C, 58-4; H, 4:9; N, 15-1%). 

In a second experiment diethyl acetylmalonate (25 g.) was heated with 1-ethynylcyclo- 
hexanol (20 g., 30% excess). The final temperature was 265°, gas (2-45 1.) was evolved, and 
distillate (10 g.; 70% of ethyl acetate) was collected. Distillation gave an oil (5-0 g.), b. p. 
152—163°/0-8 mm., which solidified. Crystallisation from light petroleum (b. p. 60—80°) gave 
4-ethoxycarbonyl-2,5-dihydvo-3-methyl-5-oxofuran-2-spirocyclohexane (IX; RR? = [CH,],>) as 
plates, m. p. 65-5—66-5° (Found: C, 65-8; H, 7-83. C,,H,,O, requires C, 65-5; H, 7-6%). 

Diethyl malonate (32 g.) and l-acetylcyclohexanol (28-4 g.) were heated at 220° for 4 hr.; 
ethanol (18 g.) distilled. Distillation of the residue followed by crystallisation as above gave 
the spiran (5-0 g.), m. p. and mixed m. p. 66°. 

This spiran (0-5 g.) was heated at 60° for 15 min. with ethanol (5 ml.) and 10% aqueous 
sodium hydroxide (5 ml.). It afforded the spiran acid, plates, m. p. 146°, from benzene-light 
petroleum (b. p. 60—80°) (Found: C, 63-35; H, 7-05. C,,H,,O, requires C, 62-85; H, 6-7%). 

(ii) Diethyl propionylmalonate (54 g.) and 1l-ethynylcyclohexanol (31 g.) were heated 
together as above for 2 hr. The final temperature was 233°; 10-2 1. of carbon dioxide were 
evolved; distillate, principally ethanol (16-2 g.), b. p. 75—78°, was collected. Distillation 
of the residue gave several fractions, b. p. 130—180°/1-5 mm. (35-6 g.), which solidified. 
Recrystallisation from aqueous methanol gave 2-propionyl-5,6,7,8-tetrahydro-l-naphthol 
(21-8 g.) as needles, m. p. and mixed m. p. 88—89° (lit.,44 m. p. 87-5—88-5°). 

(iii) Diethyl butyrylmalonate (23 g.) and 1l-ethynylcyclohexanol (13-6 g.) were heated 
together as above for 1-25 hr; 2-75 1. of carbon dioxide were evolved; the final temperature was 
230°; distillate (5 g.), principally ethanol, b. p. 75—78°, was collected. Distillation of the 
residue gave 2-butyryl-5,6,7,8-tetrahydro-1-naphthol (9-0 g.), b. p. 125—141°/0-9 mm., which 
crystallised from methanol as needles, m. p. and mixed m. p. 41-5—42° (lit.,4! m. p. 43-5—44°). 
11 Sergievskaya and Morozovskaya, J. Gen. Chem. (U.S.S.R.), 1944, 14, 1107. 
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(d) With 2-phenylbut-3-yn-2-ol.—(i) Diethyl acetylmalonate (44-5 g.) and 2-phenylbut-3. 
yn-2-ol (29 g.) were heated together for 3 hr.; a temperature of 200° was reached; distillate 
(11 g.), mostly ethanol, was collected; carbon dioxide (5-15 1.) was evolved. Distillation of the 
residue gave an oil (15-7 g.), b. p. 156—167°/1-5 mm., which crystallised. Recrystallisation 
from light petroleum (b. p. 40—60°) gave 4-acetyl-3-hydroxybiphenyl (XVI; R! = H, R? = Ph, 
R® = Me) (12 g.) as plates, m. p. and mixed m. p. 91—92° (Found: C, 79-8; H, 5-8. Calc. for 
C,,H,,0,: C, 80-0; H, 5-75%) (lit.,22 m. p. 90-5—91-5°). The phenol gave a pink colour with 
aqueous ferric chloride, a sparingly soluble sodium salt with aqueous sodium hydroxide solution, 
and a 2,4-dinitrophenylhydrazone, which crystallised as needles, m. p. 260°, from benzene (Found: 
C, 61-25; H, 4-3; N, 13-85. C, 9H,,0;N, requires C, 61-2; H, 4:1; N, 14:3%). 

(ii) Diethyl propionylmalonate (47-5 g.) and 2-phenylbut-3-yn-2-ol (29 g.) were heated 
together for 1-5 hr.; the final temperature was 230°. Carbon dioxide (5-0 1.) was evolved; 
distillate (10 g.; ethanol 80%, ethyl propionate 10—12%,) was collected. Distillation of the 
residue gave an oil (20-5 g.), b. p. 154—170°/0-8 mm., which on being rubbed with light petroleum 
(b. p. 40—60°) gave a pale yellow solid (4-8 g.), m. p. 108—109°, and a mother-liquor (see below), 
Recrystallisation from ethanol gave 3-hydroxy-4-propionylbiphenyl (XVI; R! = H, R? = Ph, 
R® = Et) as plates, m. p. 113—113-5° (lit.,12 m. p. 109—110-5°) (Found: C, 79-7; H, 6-35. 
Calc. for C,,H,,0O,: C, 79-6; H, 6-25%). 

The mother-liquors were distilled to give an oil (13 g.), b. p. 162—164°/1 mm., m,,”° 1-5910, 
presumed to be substantially ethyl 5-phenyl-2-propionylhexa-2,4-dienoate (II; R!=H, 
R? = Ph, R* = Et, R* = CO,Et) (Found: C, 75-0; H, 7:45. C,,H., 0, requires C, 74-95; 
H, 7:4%) (light absorption, see Table 3). 

(iii) Diethyl butyrylmalonate (50-5 g.) and 2-phenylbut-3-yn-2-ol (29 g.) were heated 
together at 150—230° for 1-25 hr.; 4-25 1. of carbon dioxide were evolved and distillate (6-1 g., 
mainly ethanol) was collected. Distillation gave an oil (22-7 g.), b. p. 156—170°/0-9 mm., n,* 
1-5904, shown by infrared examination to contain 35—45% of phenol (XVI; R!=H, 
R? = Ph, R* = Pr*), 55—45% of keto-ester (II; R! = H, R? = Ph, R? = Pr", R‘ = CO,Et), 
and about 10% of furanone (III; R! = H, R? = Ph). 





We thank Mr. W. R. Ward for the spectroscopic results and for their interpretation, also 
the Management of the Distillers Co. Ltd. (Chemical Division) for permission to publish this 
paper and for encouragement. 


Tue DistTitteErRS ComPpANY LIMITED, CHEMICAL DIvISsION, 
HEpDon, HULL. [Received, January 25th, 1960.] 


12 Bradsher, Brown, and Porter, J. Amer. Chem. Soc., 1954, 76, 2359. 





NOTES. 


630. A New Reaction of Sulphinic Acids. 
By W. V. FARRAR. 


ADDITION of acetic acid to aqueous sodium toluene-f-sulphinate containing sodium 
cyanate causes brisk evolution of carbon dioxide, followed by precipitation of crystals. 
This substance, C,H,,0,N,S, is believed to be (I; R = p-MeC,H,). Since both acid and 
alkaline hydrolyses regenerate the sulphinic acid, the alternative structure (II) is unlikely; 
this would be expected to give the sulphonamide. The infrared spectrum confirms the 


(I) R*SO4*C(NH,):NH R*SO4*NH*CH:NH (II) 


presence of a C=N bond, and the absence of C=N, so that the compound cannot be the 
cyanamide salt of the sulphinic acid. The amidine (I) is probably formed by addition of 
sulphinic acid to free carbodi-imide, transiently formed when sodium cyanate is acidified; 
a few seconds after acidification, sodium cyanate no longer gives the amidine (I) on addition 
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ofsulphinate. Similar compounds (I; R = Ph and o-NO,°C,H,) were made from benzene- 
sulphinic acid and o-nitrobenzenesulphinic acid. 

Attempts to use these compounds (which are formally C-substituted formamidines) as 
starting materials for heterocyclic syntheses have been completely fruitless. At their 
melting points, or in hot solvents, they decompose into a mixture of diaryl disulphide and 
arenesulphonamide. 


Experimental.—C-Toluene-p-sulphonylformamidine. A solution of sodium toluene-p-sul- 
phinate <a drate (20 g.) and sodium cyanate (20 g.) in water (200 c.c.) was treated with acetic 
acid (20 c.c.). Carbon dioxide was evolved, followed after a few minutes by deposition of a 
heavy precipitate (4—5 g.). ecrystallisation from a large volume of water gave needles, 
m. p. ca. 192° (decomp.; varying with rate of heating) (Found: C, 48-4; H, 5-3; N, 13-5; 
S, 16-0. CsH,O,N,S requires C, 48-4; H, 5-1; N, 14-1; S, 16-2%). 1 Hour with refluxing 
gn-sodium hydroxide or hydrochloric acid caused complete hydrolysis to the sulphinic acid; 
the nature of the other products was not investigated. 

The following compounds were made similarly in similar yields: C-benzenesulphonyl- 
formamidine (1; R = Ph), m. p. ca. 190° (decomp.), from water (Found: C, 46-0; H, 4-3; 
N, 15:3. C,;H,O,N,S requires C, 45-7; H, 4-4; N, 15-2%); C-o-nitrobenzenesulphonylformamid- 
ine (I; R = 0o-NO,°C,H,), m. p. ca. 195° (decomp.), from water (Found: C, 36-4; H, 3-3; 
N, 18-4; S, 14-6. C,H,O,N,S requires C, 36-7; H, 3-1; N, 183; S, 14:0%). 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, DyEstuFFs DIvIsION, . 
HEXAGON House, BLACKLEY, MANCHESTER 9. [Received, November 27th, 1959.] 





631. Conductance in Triethyl Phosphite. 
By C. M. Frencu and P. B. Hart. 


DuRING a study of the influence of solvent structure and size on conductance relationships, 
it was hoped to employ a series of trialkyl phosphites as solvents, which might then be 
compared with the corresponding phosphates studied previously.+? Unfortunately, the 
phosphites proved usually too readily oxidisable in the presence of the quaternary ammonium 
picrates commonly used as solutes (the system quoted below appeared to be an exception) ; 
and, of the many other salts examined, only the quaternary ammonium toluene-f-sul- 
phonates were sufficiently soluble for any conductance measurements to be made. These 
solutes were extremely hygroscopic and had to be handled in dry-boxes, and considerable 
precautions were necessary to exclude all traces of moisture when preparing solutions of 
them. Work in these solvents was therefore not extended, but the results of measurements 
made in two systems by methods described earlier ? have some features of interest and are 
now presented. 


Experimental.—Triethyl phosphite was freed from traces of the dialkyl ester by storage over 
sodium until no more of the latter dissolved, filtering, and redistilling under reduced pressure; 
it had b. p. 50°/14 mm., d,* 0-9610, n,'" 1-4140, 7%5 0-650 cp., e 5-01, x° 2 x 10° ohm™ cm.* 
(lit., b. p. 48°/12-5 mm. c d,* 0-96,5 n, Fs 1-41405). Tetrabutylammonium toluene-p-sulphonate 
was prepared by neutralising the quaternary ammonium hydroxide with recrystallised toluene- 
p-sulphonic acid in ethanol. The latter was evaporated off, and the salt recrystallised from 
ethyl acetate. Tetrapentylammonium picrate was prepared as described earlier.* 

Equivalent conductivities at different concentrations in triethyl phosphite at 25° of the two 


1 French and Muggleton, J., 1957, 5064. 

* French, Hart, and Muggleton, J., 1959, 358. 
* French and Hart, J., 1960, 1671. 

* Ford-Moore and Williams, ]., 1947, 1465. 

* McCombie, Saunders, and Stacey, J., 1945, 380. 
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systems studied here areastabulated. In bothcases the graphs of A against a/c were steep curves 
with minima at about 3 x 10%N. These indicated extensive ion-pair and triple-ion formation 
as expected from the low dielectric constant of the solvent. As commonly occurs with such 


Tetrapentylammonium picrate 


ex ie ... 36 40-6 29-0 18-3 
Axl... 1097 1-88 1-92 2-07 


Tetrabutylammonium toluene-p-sulphonate 
¢x 10* ... 808 60-0 34:8 23-2 6-14 1-43 0-646 0-453 0- 
Axl0 ... 2388 2-38 2-22 2-16 2-52 5 26 12-2 15-4 2 


108 0-0327 
3:7 33-8 


solvents also, Shedlovsky plots failed to become linear over the concentration range examined, 
and extrapolation to A, was not therefore possible. It may be observed, however, that at finite 
concentrations the equivalent conductances of both tetra-alkylammonium salts are of the order 
of 100 times less in triethyl phosphite than at the same concentrations of the picrates of these 
quaternary ammonium ions in triethyl phosphate * but resemble values in other solvents with 
dielectric constant of approximately 5. The differences in conductance between the phosphite 
and phosphate systems may thus apparently be accounted for by the somewhat higher viscosity 
and considerably lower dielectric constant of the phosphorous than the phosphoric acid esters, 
but not otherwise related to structural differences between the two solvents. 


The authors thank the University of London Central Research Funds Committee for grants 
that have helped to defray the cost of this work. One of them (P. B. H.) thanks the Governors 
of Queen Mary College and the Ministry of Education for a supplemented Research Studentship, 


QUEEN Mary COLLEGE, MILE END Roap, E.1. [Received, January 13th, 1960.] 


632. The Systems Water—Chlorine—Calcium Chloride and Water- 
Chlorine-Barium Chloride. 


By K. W. ALLEN. 


In the course of a study of chlorine hydrate,! it was necessary to investigate the equilibria 
between water, chlorine, and calcium chloride and also between water, chlorine, and 
barium chloride—all at a temperature of 0° and under a pressure of 1 atm. The results 
for the system including calcium chloride are represented in the Figures. The com- 
positions of the fixed points are: Invariant liquid A, Cl,, 0-45 + 0-05; CaCl,, 15; H,0, 
846%. Invariant liquid B, Cl,, 0-15; CaCl,, 34-19; H,O, 65-66%. Chlorine hydrate 
solid, Cl,, 35-15 + 0-54%. Saturated solution of chlorine in water,” Cl,,0-5%. Saturated 
solution of calcium chloride in water 3 Cl,, 37-3%. 

The system including barium chloride is similar except that no region of equilibrium 
between gaseous chlorine and solution alone was detected. Thus the system could be 
represented by a figure similar to that given but with the invariant points A and B 
coincident. The compositions of the fixed points are: Invariant liquid Cl,, 0-3; BaCl,, 
21-9; H,O, 77-8%. Saturated solution of barium chloride in water * BaCl,, 23-5%. 


Experimental.—The details of the method used for the analysis of the system water-chlorine- 
calcium chloride have been described.! Precisely similar methods were used for the system 
including barium chloride except that the barium was determined gravimetrically as sulphate. 


1 Allen, J., 1959, 4131. 

* Seidell, ‘‘ Solubilities of Inorganic and Metal-organic Compounds,”’ Van Nostrand Co, Inc., New 
York, 1940, Vol. I, p. 396. 

3 Op. cit., p. 280. 

* Op. cit., p. 155. 
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Fic. 1. The system water—chlorine—calcium 
chloride at 0° and 1 atm. 
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Fic. 2. Enlargement of the water 
corner of the diagram for the 
system water—chlorine—calcium 
chloride at 0°, drawn on rect- 
angular co-ordinates with unequal 
scales. 
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A, Invariant liquid. B, Invariant liquid. C, Unsaturated solutions. D, Solutions plus solid 
CaCl,,6H,O. £, Solutions plus solid chlorine hydrate, Cl,,7-27H,O. FF, Invariant liquid 4 plus 
solid chlorine hydrate plus gaseous chlorine. G, Solutions plus gaseous chlorine. H, Invariant 
liquid B plus solid CaCl,,6H,O plus gaseous chlorine. J, Solid CaCl,,6H,O plus solid CaCl, (anhyd.) 
plus gaseous chlorine. 


The author thanks Dr. J. E. Garside, Dr. J. Leicester, and Dr. G. H. Cheeseman for their 
help in the work. 
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633. Preparation of Some Potential Schistosomicidal Agents. 
By D. E. Ames. 


It has been claimed! that substituted /-toluidines, e.g., (I), possess activity against 
schistomia infections of mammals. In the present work, the synthesis of triamines of 
types (II) and (III), having an additional basic substituent in the methyl group, was 
examined in the hope of preparing compounds showing more effective schistosomicidal 
activity. 

4-Amino-2-chloro-NN-dimethylbenzamide was condensed with diethylaminoethyl 
chloride to give 2-chloro-4-diethylaminoethylamino-N N-dimethylbenzamide (IV; R = H) 
but this could not be reduced satisfactorily to the triamine (II; R = H, X = Cl) with lithium 


1 Farbenfabr. Bayer A.-G., B.P. 729,332/1952. 
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aluminium hydride. Duff and Furness ? have shown that condensation of dialkylanilines 
with hexamine in formic acid yields NN-dimethyl-4-dialkylaminobenzylamines. Applic- 
ation of this procedure to N-diethylaminoethyl-N-methylaniline gave the required triamine 
(II; R = Me, X = H) in low yield provided that a large excess of hexamine was used, 
1-Ethyl-4-phenylpiperazine was similarly converted into the triamine (III; R = Et, 
X = H) which, with excess of methyl iodide, gave a dimethiodide, presumably (V) in 


mpvcnegnseaed > bap EeaN-cH- cnn \\cH Nee, 
| 


(I) (II) Xx 


RN N CH)-NMe2 Et,N-CH,-CH)-NR CO-NMe, 
ae 


Xx (111) (IV) Cl 


+ 
MeEtN+ N CH,-NMe,} 217 
or (V) 


which the less hindered terminal amino-groups have been quaternised. Further com- 
pounds of type (III; X = Cl or OMe) were also prepared in very low yield by the same 
procedure. 

Dr. P. E. Thompson (Parke, Davis and Co., Detroit) has studied the effects of these 
compounds on mice infected with S. mansoni, but none of them showed promising activity. 


Experimental.—The NN-dimethylamides all gave low values for nitrogen in microanalyses, 
2-Chloro-NN-dimethyl-4-nitrobenzamide. 2-Chloro-4-nitrobenzoic acid * (22 g.) was refluxed 
for 1-5 hr. with thionyl chloride (50 c.c.); toluene (100 c.c.) was added and the solution 


evaporated at the water-pump. The residue was taken up in ether—benzene (200 c.c.; 1:1) 
and stirred while excess of dimethylamine was passed in. After the mixture had been cooled 
and filtered, the solid was washed with water and recrystallised from benzene, to give the amide 
(17-3 g.) as prisms, m. p. 117—118-5° (Found: C, 47-0; H, 4:1. C,H,O,N,Cl requires C, 47:3; 
H, 40%). 

4-Amino-2-chloro-NN-dimethylbenzamide. The foregoing nitro-amide (85 g.), suspended in 
ethanol (400 c.c.), was hydrogenated in the presence of platinised charcoal * (ca. 2 g.) until 
absorption ceased (3-0 mol.). The solution was filtered at the b. p.; prisms of the amino-amide 
(63-5 g.), m. p. 167—169°, separated on cooling (Found: C, 54:8; H, 4-7; Cl, 17-6. C,H,,ON,Cl 
requires C, 54-4; H, 5-6; Cl, 17-8%). 

2-Chlovo-4-(2-diethylaminoethylamino)-NN-dimethylbenzamide. A mixture of the foregoing 
amino-amide (33 g.), 2-diethylaminoethyl chloride hydrochloride (36 g.), and potassium car- 
bonate (32 g.) in xylene (240 c.c.) with water (27 c.c.) was refluxed for 3 hr. and then water was 
removed azeotropically. After addition of sodium hydrogen carbonate solution, the mixture was 
filtered and the separated aqueous layer was extracted with ethyl acetate. The insoluble solid 
and the combined organic layers were extracted with 2n-hydrochloric acid (250 c.c., then 
2 x 150 c.c.). Basification of the extracts gave an oil which was isolated with ethyl acetate 
and distilled at 190—205°/0-3 mm. This was dissolved in ether and a seed of 4-amino-2- 
chloro-NN-dimethylbenzamide added. After the solution had been kept at 0° for 3 days, it 
was filtered and distilled to give the diamino-amide (14 g.), b. p. 196—200°/0-3 mm., »,?° 1-5628 
(Found: C, 61-0; H, 8-2; Cl, 11-6. C,;H,,ON,Cl requires C, 60-5; H, 8-1; Cl, 11-9%). 

Preparation of Triamines (II) and (III). A mixture of the diamine (0-25 mol.), hexamine 
(180 g.), and 85% formic acid (450 c.c.) was warmed cautiously until the vigorous reaction 
which soon occurred had subsided and was then refluxed (bath 140°) for 12 hr. Water (1 1.) 
was added and the solution strongly basified with 10N-sodium hydroxide and extracted 


2 Duff and Furness, J., 1952, 1159. 
3 Albert and Linnell, J. Soc. Chem. Ind., 1936, 54r. 
* Baltzly, J. Amer. Chem. Soc., 1952, '74, 4589. 
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repeatedly with ethyl acetate. The washed and dried (MgSO,) extracts were fractionally 
distilled and the high-boiling fraction redistilled to give the triamine. 
N-Diethylaminoethyl-N-methyl-4-(dimethylaminomethyl)aniline, thus prepared from N-diethyl- 
aminoethyl-N-methylaniline * in 27% yield, had b. p. 137—139°/0-5 mm., m,®° 1-5230 (Found: 
Cc, 729; H, 11-2; N, 15-4. CygHogN, requires C, 73-0; H, 11-1; N, 160%). Its trihydro- 
chloride formed needles, m. p. 195° (decomp.), from ethanolic hydrogen chloride (Found: C, 50-4; 
H, 87; N, 11-0; Cl, 28-3. C,,H,,N;Cl;,0-5H,O requires C, 50-3; H, 8-7; N, 11-0; Cl, 27-9%) 
paehy -4-(4-dimethylaminomethylphenyl)piperazine, prepared from __ 1-ethyl-4-phenyl- 
piperazine ° in 27% yield, had b. p. 110—113°/0-2 mm., m,, 1-5470 (Found: C, 72-6; H, 10-1; 
N, 17-4. CysH2sN; requires C, 72-8; H, 10-2; N, 17- 0%). The trihydrochloride, prisms from 
ethanolic hydrogen chloride, had m. p. 226—228° (decomp., sealed capillary) (Found: C, 49-4; 
H, 7-9; N, 11-3; Cl, 29-0. C,,H,,N;Cl;,0-5H,O requires C, 49-2; H, 8-0; N, 11-5; Cl, 29-1% 
Methy] iodide (10 c.c.) was added to this triamine (5-5 g.) in 2-methoxyethanol (50 c.c.); a 
white precipitate which had been formed after 20 min. at room temperature did not dissolve 
on refluxing for 30 min. (bath 130°). The cooled mixture was filtered and the solid washed with 
methanol, leaving the dimethiodide (9-7 g.), presumably (V), m. p. 255—258° (decomp.) (Found: 
C, 38-8; H, 5-9; N, 7-5; I, 48-3. C,,H,,N3I, requires C, 38-4; H, 5-9; N, 7-9; I, 47-8%). 
1-m-Chlorophenyl-4-methylpiperazine. N-Methyldiethanolamine’? (200 g.) and mz-chloro- 
aniline (200 g.) were treated gradually with concentrated hydrochloric acid (320 c.c.), and the 
mixture was distilled until the bath-temperature reached 300° (cf. Pollard and Wicker *). The 
hot mass was poured into water (1 1.), basified with 5n-sodium hydroxide, and extracted with 
ethyl acetate. The extracts were washed with aqueous sodium hydroxide and water and then 
distilled, to give the piperazine (105 g.), b. p. 120—125°/0-8 mm., ,,*° 1-5792 (Found: C, 62-2; 
H, 7-2; Cl, 17-0. C,,H,;N,Cl requires C, 62-7; H, 7-2; Cl, 16-8%). 
1-(3-Chloro-4-dimethylaminomethylphenyl) -4-methylpiperazine. Prepared by the general 
procedure as above in 12% yield, the triamine was an oil, b. p. 142—146°/0-6 mm., n,*° 1-5658 
(Found: C, 62-4; H, 8-0; Cl, 13-5. C,,H,.N,Cl requires C, 62-8; H, 8-3; Cl, 13-2%). The 
hydrochloride formed prisms, m. p. 240° (decomp.), from ethanolic hydrogen chloride (Found: 
C, 43-4; H, 6-9; Cl, 36-3. C,,H,.N,C1,3HCI1,0-5H,O requires C, 43-6; H, 6-8; Cl, 36-7%). 
1-m-Methoxyphenyl-4-methylpiperazine. N-Methyl-di-(2-chloroethyl)amine hydrochloride ? 
(184 g.), m-anisidine (123 g.), anhydrous potassium carbonate (350 g.), and 2-butoxyethanol 
(750 c.c.) were stirred under reflux (bath 160°) for 7 hr. After addition of water (3 1.), the 
separate aqueous layer was extracted with ethyl acetate (500 c.c.), and the combined organic 
layers were washed with 5N-sodium hydroxide and water (twice each). Fractional distillation 
through a short Fenske column afforded the piperazine (100 g.), b. p. 106—108°/0-3 mm., m,,”° 
15598 (Found: C, 69-6; H, 8-7; N, 13-4. C,,H,,ON, requires C, 69-9; H, 8-8; N, 13-6%). 
1-(4-Dimethylaminomethyl-3-methoxyphenyl)-4-methylpiperazine, prepared by the. general 
procedure in 8% yield, had b. p. 131—135°/0-3 mm., »,* 1-5330 (Found: C, 68-1; H, 9-9; 
N, 16-3. C,,;H,,ON, requires C, 68-4; H, 9-6; N, 16-0%). 


The author is indebted to Dr. R. E. Bowman for helpful discussions and to Mr. F. Oliver for 
the microanalyses. 


CHEMICAL RESEARCH DEPARTMENT, PARKE, DAVIS AND COMPANY, HouNsLow, MIDDLESEX. 
[Present Address: CHELSEA COLLEGE OF SCIENCE & TECHNOLOGY, 
Lonpon, S.W.3.] (Received, January 21st, 1960.) 


5 Dewar, J., 1944, 615. 

® Forsee and Pollard, J. Amer. Chem. Soc., 1935, 57, 1788. 
7 Hanby and Rydon, /J., 1947, 516. 

§ Pollard and Wicker, ]. Amer. Chem. Soc., 1954, 76, 1854. 
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634. Deacetylation of Glycoside Polyacetates. 
By D. H. LEABACK. 


StncE the publications by Zémplen and his co-workers,! deacetylation of glycoside poly. 
acetates is usually carried out in dry methanol containing a catalytic amount of sodium, 
When working up the products it is often possible to ignore the small amount of sodium 
present; nevertheless, some workers prefer to employ barium or potassium methoxide 
and remove the cations as the sulphate ? or perchlorate * respectively. 

Bonner and Koehler * pointed out how convenient it is when the deacetylated product 
crystallises from the medium; a method by which this may be achieved with most 
acetylated glycosides is described here. On addition of catalytic amounts of sodium, a wide 
range of acetylated glycosides dissolve in a very small volume of methanol and within 
a short time the deacetylated glycoside crystallises. Since many deacetylations are carried 
out on a boiling-water bath, this solubilising effect of sodium methoxide on glycoside 
acetates is often missed. Bonner and Koehler® selected phenyl 8-D-glucoside as an 
example of a compound that did not crystallise from a deacetylation mixture; however, 
crystallisation did take place under the following conditions. 


2n-Sodium methoxide (0-5 ml.) was added to a suspension of phenyl 2,3,4,6-tetra-O-acetyl- 
8-p-glucose (4-5 g.) in dry methanol (5 ml.), in a stoppered flask. The mixture was shaken 
until dissolution was complete; after 15—20 min. the deacetylated glycoside started to 
crystallise, and the mixture was left for 18 hr. at 5° before the flask was inverted (to drain away 
the methanol). The residue was recrystallised, to give 2-1 g. (79%) of phenyl 8-p-glucoside, 
m. p. 172—173°, {aJ,,2* —71° (¢ 1 in H,O). 

The procedure seems to be general (acetylated glycuronic esters may be an exception *) and 
has been employed in this laboratory for deacetylation of ethyl 2-acetamido-3,4,6-tri-O-acetyl-2- 
deoxy-f-p-glucose and a wide range of acetylated aryl glycosides in the 8-p-glucose, 8-p-galactose, 
and 2-acylamino-2-deoxy-$-p-glucose series. The best proportion of acetylated glycoside to 
methanol must be established by a preliminary experiment, since the solubility of deacetylated 
glycosides in methanol varies considerably. The advantages of the procedure are: (i) Only 
small volumes of dry methanol are required for deacetylations and, even with poorly soluble 
glycoside polyacetates, addition of other sovents (to effect solution) is unnecessary.5 (ii) The 
onset and course of the reaction are observable. (iii) Heating is unnecessary since deacetylation 
takes place rapidly at room temperature; this is particularly convenient when elevated temper- 
ature causes liberation of troublesome amounts of aglycone. (iv) Crystallisation from the 
deacetylation medium brings about some purification. 

On the basis of a mechanism advanced for catalytic deacetylation,’ the process described 
here could be explained by assuming that one or more of the partly deacetylated intermediates 
(or their sodium complexes) is mcre soluble in methanol than the fully acetylated or deacetylated 
glycoside. 


DEPARTMENT OF BIOCHEMISTRY, INSTITUTE OF ORTHOPZADICS, 
RoyaL NATIONAL ORTHOPZ2DIC HOSPITAL, 
STANMORE, MIDDLESEX. [Received, February 12th, 1960.) 


Cf. Zémplen and Kunz, Ber., 1923, 56, 1705. 

Weltzien and Singer, Annalen, 1925, 448, 71. 

Bonner and Koehler, J. Amer. Chem. Soc., 1948, 70, 314. 
F. B. Anderson, personal communication. 

Cf. Leaback and Walker, J., 1957, 4754. 
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635. Interaction of trans-2,3-Dichloro-1,4-dioxan and Sulphuric 
Acid. 
By L. A. Corr. 


trans-2,3-DICHLORO-1,4-DIOXAN dissolves in concentrated sulphuric acid; the solution 
evolves hydrogen chloride without change in temperature, and crystalline material 
separates which is readily purified to give a compound A, CgH,C1,0,. 

Compound A exhibits no selective absorption between 2840 and 1460 cm.", and is 
inert towards a large number of reagents. With dilute mineral acids it yields up to 3 mol. 
of glyoxal and no detectable amounts of carboxylic acids or alcohols, and it is slowly 
converted into glyoxal and glycollic acid by boiling aqueous ethanolic potassium hydroxide 
(2 mol.). (In this reaction it is impossible to tell whether the glycollic acid arises from a 
complex series of changes first involving dehydrohalogenation, or whether it arises simply 
as a transformation product of the glyoxal.) These facts indicate that compound A is 
either 2,3,6,7-tetrachloro-1,4,5,8-tetraoxadecalin (I; R= Cl) or 4,5,4’,5’-tetrachlorobis- 
1,3-dioxolan-2-yl (II; R = Cl), but do not distinguish between them. 


> ae 
R R Rr—O o-R 
a § 5: b Ke ole 
Oo” *O 
(I) (IT) 


Although a compound with either of these structures might have been expected to 
react with one or more of the following reagents, compound A was recovered substantially 
quantitatively in each case: (i) aluminium lithium hydride (cf. 2-chlorotetrahydrofurans 4) ; 
(ii) phosphorus pentachloride (cf. 1,4,5,8-tetraoxadecalin *); and (iii) dimethylaniline 
(cf. 2,3-dichloro-1,4-dioxan *). Other experiments from which compound A was recovered 
are noted in the Experimental Section. 

Theoretically, either of the structures here suggested for compound A can be considered 
as being derived from the corresponding hydroxy-compounds (I and II; R= OH, 
respectively), by replacement of hydroxyl with chlorine. Now the former of these 
hydroxy-compounds has the structure previously postulated * for “trimeric glyoxal.”’ 
{It seems equally possible that “ trimeric glyoxal’” could be 4,5,4’,5’-tetrahydroxybis-1,3- 
dioxolan-2-yl (II; R = OH), but this alternative does not seem to have been considered. } 
However, although treatment of “trimeric glyoxal”’ with phosphorus pentachloride 
resulted in a vigorous reaction, no organic compound could be isolated containing chlorine 
which did not also contain phosphorus. 


Experimental.—trans-2,3-Dichloro-1,4-dioxan (200 g.), m. p. 31° [prepared according to 
Kucera and Carpenter ® (cf. Summerbell and Lunk %)], was added slowly at 40° to well-stirred 
concentrated sulphuric acid (1 1.), and stirring continued for 24 hr. (until effervescence had 
ceased). The mixture was poured on crushed ice (3 kg.), and the solid product (93 g.), m. p. 
129—135°, isolated. By recrystallisation from benzene or acetone there was obtained 
compound A, rhombs, m. p. 143—144° (shrinking at 137—139°) [Found: C, 25-35; H, 2-2; 
Cl, 49-99%; M (Rast), 272. C,H,Cl,O, requires C, 25-4; H, 2-1; Cl, 500%; M, 284}. The 
m. p. was unchanged by further crystallisation from a number of solvents, or by sublimation, 
and material recovered from attempted reactions always showed shrinking at about 137—139° 
before melting. 2 

! Crombie, Gold, Harper, and Stokes, J., 1956, 136. 

2 Fiesselmann and Hérndler, Chem. Ber., 1954, 87, 911. 

* Summerbell and Lunk, J. Amer. Chem. Soc., 1957, 79, 4802. 

* Raudnitz, J., 1948, 763. 

® Kucera and Carpenter, J. Amer. Chem. Soc., 1935, 57, 2346. 
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In the preparation of compound A, neither orthophosphoric acid nor trichloroacetic acid 
could replace the sulphuric acid. 

Hydrolysis of compound A. The compound (0-1019 g.) was boiled with aqueous 1% sulphuric 
acid (100 ml.) for 6 hr. Isolation through the use of an excess of the reagent in the usual 
manner gave glyoxal bis-p-nitrophenylhydrazone (0-3408 g., 96% of theory), m. p. 330—339° 
(decomp.). After crystallisation from acetone the m. p. and mixed m. p. were 332—334° 
(decomp.) (Found: C, 51-1; H, 3-7; N, 25-2. Calc. for C,,H,.N,O,: C, 51:2; H, 3-7; N, 
25-6%). 

After similar hydrolyses with hydrochloric acid, neither carboxylic acids nor alcohols could 
be detected (with S-benzylthiouronium hydrochloride and p-nitrobenzoyl chloride, respectively), 

Reaction of compound A with aqueous ethanolic potash. To a suspension of compound A 
(35 g.) in boiling 95% ethanol (100 ml.) was added dropwise a solution of potassium hydroxide 
(13-8 g.) in water (25 ml.) so as to maintain gentle boiling. After boiling had been continued 
for a total of 4 hr. the mixture was concentrated (water-pump) to 35 ml. and then cooled, 
There separated compound A (19-7 g.), m. p. and mixed m. p. 141—143°, after crystallisation, 
From the filtrate, after 12 hours’ storage, there was deposited potassium chloride (2-1 g.). From 
the remaining liquid there was isolated in the usual manner the S-benzylthiouronium salt 
(6-4 g.) of glycollic acid, m. p. and mixed m. p. 148—150°, after crystallisation from water 
(Found: C, 49-4; H, 5-7; N, 11-9; S, 13-0. Calc. for CjgH,,.N,0,S: C, 49-6; H, 5-8; N. 11-6; 
S, 13-2%). 

From another similar experiment the final liquid was treated to yield glyoxal bis-p-nitro- 
phenylhydrazone, m. p. and mixed m. p. 329—332° (decomp.). 

Attempted reactions with compound A. The compound was recovered in >95% yield in each 
case on treatment with the following reagents in the boiling solvents indicated: magnesium 
or phenylmagnesium bromide (diethyl ether), sodium or sodamide (toluene), potassium ethoxide 
or thiourea (ethanol), bromine or N-bromosuccinimide (carbon tetrachloride, with irradiation). 
Compound A sublimed quantitatively on fusion with potassium carbonate. There appeared to 
be a reaction between compound A and sodium iodide in acetone, but no olefinic product was 
obtained and the recovery after 70 hr. was 60%. -- 

Reaction of “‘ trimeric glyoxal.’’ An aqueous solution of glyoxal was stored over sodium 
hydroxide until the weight became constant (2-1 g.). The gummy solid was ground with 
phosphorus pentachloride (8-3 g.), and the mixture extracted once with boiling benzene (25 ml1.). 
Evaporation of the solvent left only a trace of material. The main solid residue contained 
chlorine and phosphorus and was almost completely soluble in cold water. 


BATTERSEA COLLEGE OF TECHNOLOGY, 
Lonpon, S.W.11. [Received, February 19th, 1960.) 


636. Reactivity of Tri-n-butyl Borate with Certain Chlorides. 


By G. CHAINANI and W. GERRARD. 


TETRA-N-BUTOXYSILANE undergoes ready mutual replacement of alkoxyl and halogen 
with boron trichloride,| BuO-Si(OBu), + BCl, —» BuO-BCl, + CISi(OBu)3, subsequent 
replacements being slower, but with a drift always towards the formation of tributyl 
borate. A similar pattern characterises the tributyl phosphite—boron trichloride,” and 
triphenyl phosphite—boron trichloride * (or bromide) * systems. Triethyl phosphate forms 
a complex (EtO),P=O0,BCl,,4 which gradually extrudes ethyl chloride and forms a network 
of -P-O-B-O- links. Triphenyl phosphate gives a complex, (PhO),P=O,BCl,, which is 
much more stable thermally and either dissociates into the initial compounds or decomposes 
into a number of compounds, mainly unidentified, when the temperature and pressure are 
suitably adjusted.* 


1 Gerrard and Strickson, Chem. and Ind., 1958, 860. 

2 Gerrard and Lindsay, Chem. and Ind., 1960, 152. 

3 Frazer, Gerrard, and Patel, Chem. and Ind., 1959, 90, 728; J., 1960, 726. 
* Gerrard and Griffey, Chem. and Ind., 1959, 55. 
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There was no reaction of tri-n-butyl borate with silicon tetrachloride, thionyl chloride, 
or phosphorus trichloride at the b. p. In the presence of ferric chloride, however, n-butyl 
chloride, butene, hydrogen chloride, and degeneration products such as sulphur dioxide, 
poric oxide, silica, and phosphorous oxide, were formed according to the system. No 
chloro-esters were observed. 

Results described for non-catalysed systems are in accordance with the low nucleophilic 
reactivity of oxygen in the borate, owing probably to the low electron-density clearly 
shown by the low solubility of hydrogen chloride in n-butyl borate,®>*® and to the weak 
electrophilic function of boron, caused by back-co-ordination from oxygen.’ 

Although phosphorus oxychloride forms a complex with boron trichloride,® it could be 
separated from n-butyl borate at 15°/1 mm., showing again the weak acceptor power of 
boron in the ester. 

A mixture of 3 mols. of phosphorus pentachloride and 2 mols. of n-butyl borate gave 
hydrogen chloride, butene, n-butyl chloride, phosphorus oxychloride, and a residue con- 
taining all the boron, whereas when 5 mols. of borate were used, and the temperature was 
raised to 120°, the same products were obtained, except that the oxychloride reacted in 
its own right as described. 

Acetyl chloride (3 mols.) did not react with n-butyl borate (2 mols.) at the temperature 
of reflux; but in the presence of ferric chloride, n-butyl chloride, n-butyl acetate, and a 
residue containing all the boron were obtained. 

Trimethyl borate appeared to behave similarly to the n-butyl ester; but volatility 
factors made separations very difficult. 


Experimental.—Easily hydrolysed halogen is designated e.h. and vapour-phase chromato- 
graphy was used to assist in identification of volatile products. 

Silicon tetrachloride system. Tri-n-butyl borate (18-9 g., 4 mols.) was heated with silicon 
tetrachloride (10-0 g., 3 mols.) at 80—85° (16 hr.) under reflux. The tetrachloride (9-1 g., 90%) 
(Found: Cl, 82-5. Calc. for Cl,Si: Cl, 83-5%) was then removed at 18°/10 mm. and condensed 
at —80°; the residue gave butyl borate (17-8 g., 94%), b. p. 108—110°/10 mm., m,,*° 1-4090 
(Found: B, 4-67. Calc. for C,,H,,O,;B: B,4-7%). There was difficulty in completely removing 
the tetrachloride from the borate. When the borate (19-75 g., 4 mols.) and tetrachloride 
(11-4 g., 3 mols.) were similarly heated (6 hr.) in the presence of ferric chloride (0-15 g.), butene 
(1-47 g., 10%) was condensed at — 80° and converted into dibromobutane (5-0 g.), b. p. 53— 
§4°/18 mm., ,,° 1-5110, d{® 1-785. The residue afforded n-butyl chloride (17-8 g., 75%), 
b. p. 77°, 2, 1-4045, d{° 0-887 (Found: Cl, 37-9. Calc. for C,H,Cl: Cl, 38-2%), and a final 
residue (8-84 g.) containing all the boron (B,O;, 3-00 g.) and silica (3-80 g., 95%). It was 
difficult to remove the remaining butyl chloride from the final residue. 

Thionyl chloride system. A mixture of thionyl chloride (8-65 g., 3 mols.) and the borate 
(11-1 g., 2 mols.) was heated (18 hr.) at 130° under reflux. Thionyl chloride (7-55 g., 87%), 
b. p. 78° (Found: Cl, 58-5. Calc. for OCI,S: Cl, 59-6%), was removed at 18°/16 mm. and 
condensed at —80°. Tri-n-butyl borate (10-81 g., 97%), b. p. 107—110°/10 mm. (Found: 
B, 4-69%), was obtained from the residue, and a brown liquid (0-21 g.) remained. The lower 
recovery of thionyl chloride was due to its slow decomposition under the conditions. In the 
presence of ferric chloride (0-24 g.), the mixture (borate, 9-77 g.) evolved sulphur dioxide at 20°. 
The temperature was slowly (3 hr.) raised to 80°. Sulphur dioxide (3-20 g., 77%) was condensed 
at —80°; the remainder gave n-butyl chloride (8-75 g., 73%), b. p. 77-—-78° (Found: Cl, 37-7%), 
and the final residue (4-32 g.) contained all the boron (0-47 g.). 

Phosphorus trichloride system. A mixture of phosphorus trichloride (4-88 g., 1 mol.) and 
n-butyl borate (8-27 g., 1 mol.) was heated for 12 hr. at 95° under reflux. Phosphorus tri- 
chloride (4-22 g., 86-5%) (Found: Cl, 76-5. Calc. for Cl,P: Cl, 77-4%) was removed at 18°/25 
mm. and condensed at —80°. The residue gave the borate (7-28 g., 87%), b. p. 112—115°/15 
mm. (Found: B, 4:7%). Ferric chloride catalysed the reaction, but it had to be added in 


5 Gerrard and Macklen, J. Appl. Chem., 1956, 6, 241; 1959, 9, 85; Chem. and Ind., 1959, 1549. 
® Gerrard, Mincer, and Wyvill, J]. Appl. Chem., 1959, 9, 89. 

? Abel, Gerrard, Lappert, and Shafferman, J., 1958, 2895. 

* Burg and Ross, J. Amer. Chem. Soc., 1943, 65, 1637. 
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batches (0-1 g. every 2 hr.) because it became coated with degeneration products. The mixture 
(borate, 7-31 g.) was heated for 20 hr. at 95° under reflux. n-Butyl chloride (5-96 g., 67%), 
b. p. 78° (Found: Cl, 37-6%), was withdrawn at 15°/20 mm., and the residue (5-62 g.) com- 
prised ferric chloride and degeneration products, boric oxide (B, 0-324 g., 94%), yellow phos. 
phorus, and oxides of phosphorus (P, 1-08 g., 97%). 

Phosphorus oxychloride. After a mixture of phosphorus oxychloride (12-43 g., 1 mol.) and 
n-butyl borate (18-68 g., 1 mol.) had been stored at 18° for 24 hr., the oxychloride (11-96 g, 
96%) (Found: Cl, 68-8. Calc. for OCI,P: Cl, 69-59%) was withdrawn at 15°/1 mm. (1 hr), 
finally at 30°/1 mm. (15 min.) (mechanical shaking), and condensed at —80°. The residue gave 
butyl borate (18-65 g.), b. p. 73—75°/0-8 mm. (Found: B, 4-65%), which contained chlorine 
(0-5%) and 8% more acidic material than for the borate. The infrared spectrum conformed 
with the standard for the borate. There was a final residue (0-27 g.). When the mixture 
(borate, 8-1 g.) was heated to 130°, a vigorous evolution of gas ensued. After 90 min. the 
trap (—80°) contained hydrogen chloride (1-70 g., 46%), butene (3-2 g., 54%) and n-butyl 
chloride (0-55 g., 6%) (Found: Cl, 37-6%). The residue (5-55 g.) was a solid (Found: P, 
1-042 g.; B,0-370g. Calc. for the system: P, 1-12 g.; B, 0-382 g.). Chlorine (e.h.) (0-69 g.) 
was also present. Small amounts of solid had been dispersed over the reflux condenser by the 
vigour of reaction. 

Phosphorus pentachloride. The pentachloride (13-56 g., 3 mols.) slowly disappeared from its 
mixture with n-butyl borate (9-91 g., 2 mols.) as the system was heated to 70° (held for 4 hr.). 
There was a vigorous evolution of butene (2-08 g.) (dibromobutane, 7-2 g.; d7° 1-7815, mp?° 1-5125) 
and hydrogen chloride (2-05 g.), manipulated by a cold trap and an alkali trap. The residue 
afforded n-butyl chloride (7-1 g., 60%) and phosphorus oxychloride (2-5 g.), b. p. 100—106°, by 
a tedious separation, and the final residue (4-91 g.) contained all the boron (0-467 g.). When 
5 mols. of the borate (18-26 g.) were used for 3 mols. of the pentachloride, and the mixture was 
warmed slowly to 120° (held for 2 hr.), the cold-trap contents (11-86 g.) were separated into 
butene (5-62 g., 43%), hydrogen chloride (3-86 g., 45-2%), n-butyl chloride (1-98 g.), anda 
residue (0-2 g.) of boron trioxide and phosphorus pentoxide. The reaction residue afforded 
n-butyl] chloride (3-97 g.), b. p. 785° (Found: Cl, 37-8%), and a final residue (9-19 g.) (Found: 
P, 1-36 g., 94%; B, 0-832 g., 96% of amount in the system; e.h. Cl, 0-84 g.). 

Acetyl chloride. After a mixture of acetyl chloride (4-75 g., 3 mols.) and n-butyl borate 
(9-52 g., 2 mols.) had been heated for 17 hr. at 90° under reflux, acetyl chloride (4-36 g., 92%), 
b. p. 52° (Found: Cl, 44-5. Calc. for C,H,OCI: Cl, 45-3%), was removed at 18°/25 mm. and 
condensed at —80°. n-Butyl borate (9-14 g., 96%), b. p. 112—115°/15 mm. (Found: B, 4-76%), 
was obtained from the residue. In the presence of ferric chloride (0-62 g.) the mixture (borate, 
20-91 g.) was heated at 60° for 2 hr. n-Butyl chloride (8-2 g., 66%), b. p. 78—80° (Found: 
Cl, 37-5%), n-butyl acetate (11-1 g., 71%), b. p. 122°, m,! 1-3950 (Found: Ac, 37-3. Calc. 
for C,H,,0,: Ac, 37-0%), and a middle fraction (8-0 g.), b. p. 80—120°, comprising a mixture 
of n-butyl acetate and n-butyl chloride, were obtained. The residue (4-17 g.) contained all 
the boron (0-971 g.). 

NORTHERN POLYTECHNIC, 

Hottoway Roap, Lonpon, N.7. [Received, March 17th, 1960.} 





637. Interaction of Trialkyl Phosphates with Boron Trichloride. 
By W. GERRARD and P. F. GRIFFEY. 


INTERACTION of boron trichloride with each of eight trialkyl phosphates (alkyl = Me, 
Et, Pr, Pri, Bu*, Bu’, Bu', n-pentyl) first involves the formation of a complex 
(RO),P=O,BCl,, at temperatures below 0°, and then elimination of alkyl chloride, olefin, 
and hydrogen chloride and formation of a network of -P-O-B-O- links giving a substance 
identical with or closely related to the so-called boron phosphate, [BPO,],. The elimin- 
ation occurred approximately stepwise as the temperature was raised to 300° by stages 
(a technique based on many preliminary experiments), 120° (1 hr.), 180° (1 hr.), and 
300° (1 hr.). The residue was heated in an open crucible to about 1000°, and the final 
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residue (except when R = Me) contained practically all the boron and phosphorus in the 
system. 


Evidence of formation of the 1 : 1 complex was the constancy of weight at 15°/20 mm. 
Evolution of hydrogen chloride was accompanied by olefin, but the latter was not estimated 
quantitatively. 

Table 1 shows the overall results in terms of chlorine, the fate of boron, and phosphorus. 
Table 2 shows the fate of the chlorine at the different stages of heating to 300°: the 





TABLE 1. 
Produced up to 300° BPO, produced at 1000° 
e..??2_a = iia on oe 
Residue 
R in RCl HCl e.h. Cl ¢ Found Calc. B (%) P (%) 
(RO);P=O (%) (%) (%) (g-) (g-) Found Found 
EO 88-2 1-2 6-4 4-68 6-01 11-5 30-2 
igbonteaceys 85-3 12-0 —* 7-71 7-84 10-3 29-4 
a 76-5 15-0 6-3 8-05 8-63 9-7 31-4 
ee 73-7 13-6 6-3 3-79 3-86 10-8 30-4 
GY envdeseed 71:8 19-3 6-3 4-97 5-24 10-6 31-0 
re 49-9 40-8 9-3 4-08 4-37 9-6 27-5 
ME scssesess 73-6 19-1 4-9 6-00 6-24 10-45 30-8 
n-Pentyl ... 74:8 17-0 7-4 6-00 6-09 10-2 30-9 


10-2 ¢ 29-3 t 
* Heated to 1000° in silica flask; no part was removed. f Calc. { e.h. = easily hydrolysed. 


TABLE 2. 
Produced up to 120° Produced, 120—180° Produced, 180—300° 
Approx. Residue Residue Residue 
(RO),P=O im. p. of RCL HCl eh.Cl RCL HCl eh.Cl RCL HCl eh. Cl 
R (g-) complex (%) (%) %)* (%) (%) (%)* (%) (%) (%) 
7-954 62° 57-7 - 27-1 17-9 -— 15-6 12-6 1-2 6-4 
ee 13-52 0 68-6 _- —> 11-6 0-1 —?> 5-1 5-4 — 
PP epeca 18-28 11—13 60-3 -- 19-2 16-2¢ 93 10-3 = 5-7 6-3 
a 8-18 26—28 645 52 16-7 7-9 5-5 10-2 13 29 6-3 
13-19 49-1 — 16-4 22-74 12-8 10-1 = 6-5 6-3 
TFs 10-29 —6°to+1° 41-4 23-4 12-5 85 13-6 10-4 ~-- 3-8 9-3 
me 15-72 —4°to+3° 569/ 0-14 168 16:79 14-1 8-7 _- 4-6 6-2 
n-Pentyl 17-75 1:94 0-8 10-3 72-9 9-7 11-2 _- 6-5 7-4 


* In CH,Cl,, 25 ml. ® In silica flask, no part removed. ¢ Pr® 73%, Pri27%. # Bu" 94%, Bu 
6%. * Inn-pentane, 15 ml. / Bu! 76%, But 24%. 4% Bu! 47, But 47, Bu® (?) 6%. * Much more 
formed but did not distil. ‘ Larger residue due to undist. RCI, therefore % of e.h. Cl, is lower. 

* Clas % in residue. 


bulk of the elimination of chlorine and alkyl group occurs during the first stage of heating. 
During the elimination of alkyl group, some rearrangement, where possible, in that group 
occurs especially during the second and third stage of heating. Olefin and hydrogen 
chloride are formed mainly in the second stage, except in the example of R = Bu’. Thus 
the formation of a carbonium ion is indicated. The nature of the intermediate residues, 
and the absence of evidence of the formation of chloro-esters containing only boron or 


O 
| 
phosphorus, and not both, point to a gradual development of a network such as B-0-B-0- 


Oo O 
Final heating at 1000° gives a hydrolytically stable residue approximating to boron 
phosphate, [BPO,]n. 
Behaviour in this system’ is in marked contrast to that of related ester—halide systems 
such as alkoxysilane—boron trichloride,’ tri-n-butyl phosphite-boron trichloride? and 


! Gerrard and Strickson, Chem. and Ind., 1958, 860. 
* Gerrard and Lindsay, Chem. and Ind., 1960, 152. 
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triphenyl phosphite—boron trihalide,? in which mixtures of chloro-esters are produced, 
and the two non-metals do not appear together in any molecule. There is resemblance 
to the triaryl phosphate-boron trihalide system‘ in so far that an insoluble complex js 
formed; but the thermal properties of the aryl complexes, (ArO),P:0,BX, are very 
different. There is however strong resemblance to the trialkyl phosphate-silicon tetra. 
chloride system,' which gives silicon phosphate by a similar extrusion of alkyl and chlorine, 





Experimental.—The trialkyl phosphate (1 mol.) was added to boron trichloride (1 mol.) at 
—70°. The 1:1 complex was allowed to warm to room temperature. Preliminary experi- 
ments showed that further heating caused the initial elimination of alkyl and chlorine and 
formation of a solid, further elimination becoming more difficult and requiring a higher tem- 
perature to maintain the rate. The technique adopted comprised heating the system stepwise 
to 120°, 180°, 300° and holding it at each of these temperatures for 1 hr. Volatile matter was 
collected at — 80° and identified by usual analyses, vapour-phase chromatography, and infrared 
spectroscopy. Olefin was not quantitatively determined, but may be equated to the hydrogen 
chloride evolved. An aliquot part from each stage residue was removed for analysis, and for 
this reason, amounts of products produced to and during each stage are corrected to results for 
an undisturbed system. The residue was finally heated to about 1000° in an open crucible, 


NORTHERN POLYTECHNIC, HoLLoway Roap, 
Lonpon, N.7. [Received, March 17th, 1960. 


3 Frazer, Gerrard, and Patel, Chem. and Ind., 1959, 90, 728. 
4 Frazer, Gerrard, and Patel, J., 1960, 726. 
5 Gerrard and Jeacocke, Chem. and Ind., 1959, 704. 
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638. Molecular Polarisability: The Molar Kerr Constants of 
Mono- and Di-methoxy-, -acetoxy-, and -ethoxycarbonyl-benzenes. 


By M. Arongy, R. J. W. LE FEvre, and SHu-Sinc CHANG. 


From considerations involving both dipole moments and molar Kerr 
constants the effective conformations of the molecules named in the title are 
deduced. In no case does a single coplanar structure fit the observed 
properties. With anisole a form in which the C,,—O-Me triangle is twisted 
18° out of the C,-plane is satisfactory. For phenyl acetate a corresponding 
angle of ca. 90° is indicated, and for ethyl benzoate, one of 23°. Measure- 
ments on the di-derivatives can only be explained if mixtures of non-planar 
forms are assumed; compositions of mixtures compatible with experiment 
are suggested. 


THE measurements now reported were made as a preliminary to studies of certain condens- 
ation polymers of the poly-ester type.1 Subsequently, it became clear that solubilities 
were in general too low in non-polar solvents to permit useful work, even on polymeric 
esters of low molecular weights, by extant methods involving the Kerr effect. The 
programme has therefore been suspended pending the development of techniques using 
polar media. Meanwhile, results already to hand for the mono- and di-benzene derivatives 
named in the title will now be examined for evidence bearing on the effective (or average) 
conformations adopted by these molecules when present as solutes in carbon tetrachloride 
at 25°. 


EXPERIMENTAL 


Materials—The twelve simple substances were prepared and/or purified until m. p.s or 
b. p.s agreed with those recorded in the literature (Beilstein’s ‘‘ Handbuch,” Chattaway,’ and 
Timmermans *). Poly(ethylene o-phthalate) (P.E.O.P. in the following Tables) was obtained 
from ethylene glycol and diethyl phthalate by the method given by Hardy * for poly(ethylene 
terephthalate); the white powder resulting did not have a definite m. p. Analysis showed C, 
61:3; H, 4-3%; since the molecular weight (in camphor) was ca. 1020 the product was regarded 
as consisting mainly of the polymer 


HO*CHy*CHy"[COg*C gH y'CO4*CHy*CH,],°OH 


(Calc.: C, 61-1; H, 4.5%; M, 1022). Carbon tetrachloride and benzene, as solvents, were 
commercial supplies treated as in ref. 6, p. 45. 

Measurements and Results.—These are listed in Tables 1—3 under headings which, with other 
symbols used, are defined in refs. 2 and 6. The observations of Table 1 constitute the data 
from which molar Kerr constants are deduced in Table 2, and dipole moments in Table 3; up 
and » are respectively the moments obtained when Fp and 1-05Rp are taken as the distortion 
polarisation of a particular solute. 

Previous Measurements.—Since 1948, dipole moments (in D units) have been recorded as 
follows: anisole, 1-3, (C,H, ”), 1-25 (CCl, 8), 1-2, (CgH,°); veratrole, 1-3, (CCl, *); resorcinol 
dimethyl ether, 1-6, (CCl, *); quinol dimethyl ether, 1-7, (CCl, §), 1-7; (CgH, °); m-phenylene 
diacetate, 2-1, (C,H, »). 


i 1 Carothers, ‘‘ Collected Papers,’’ Vol. 1 of ‘‘ High Polymers,”’ Interscience Publ. Inc., New York, 
40. 
® Le Févre and Le Févre, J., 1953, 4041; 1954, 1577; Rev. Pure Appl. Chem., 1955, 5, 261. 
* Chattaway, J., 1931, 2495. 
; a Timmermans, ‘‘ Physico-chemical Constants of Pure Organic Compounds,”’ Elsevier, Amsterdam, 
5 Hardy, J. Soc. Chem. Ind., 1948, 67, 426. 
* Le Févre, ‘‘ Dipole Moments,” Methuen, London, 3rd edn., 1953. 
7 Le Févre and Le Févre, J., 1950, 1829. 
® Klages and Klépping, Z. Elektrochem., 1953, 57, 369. 
* Everard and Sutton, J., 1949, 2312. 
%” Rogers, J. Amer. Chem. Soc., 1955, 77, 3681. 
5K 
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Aroney, Le Feévre, and Chang: 


TABLE 1. Values of c, d, AB, and An observed for solutions having weight-fractions W, 
of solute in carbon tetrachloride at 25°. 


10°w, 
0 


1014 
1492 
1557 
1867 


10°AB 


* 


0-023 
0-035 
0-040 
0-051 


10*An 


10 
15 


€ 
2-2270 


2-2576 
2-2730 
2-2742 
2-2839 


d 10°w, 
1-5845 


Solute: anisole 
1-5751 2638 

— 3185 
1-5701 4288 
1-5671 


10°AB 


0-069 
0-084 
0-113 


10*An 


26 


43 


2-3074 
2-3241 
2-3561 


d 


1-5599 
1-5553 
1-5452 


whence 107AB = 2-486, + 3-96w,?, DAn/Xw, = 0-100, DAc/Hw, = 3-04, DAd/Sw, = —0-9253 


Solute: o-dimethoxybenzene 


320 
853 
1142 
1568 


— 0-002 
— 0-003 


2-2363 
2-2520 
2-2598 
2-2730 


1-5822 
1-5783 
1-5762 
1-5732 


2617 
3586 
4080 
5216 


— 0-004 
— 0-006 
— 0-007 
—0-009 


31 
42 


59 


2-3031 
2-3317 


2-3757 


1-5657 
1-5588 


1-5478 


whence 10°7AB = —0-1634w, — 0-159w,?, DAn/Dw, = 0-1153, DAc/Dw, = 2-912, 
LDAd/Sw, = —0-7222 


Solute: m-dimethoxybenzene 


2-2651 1-5771 2865 
1352 0-051 — 2-2794 1-5742 3709 0-153 
1637 0-064 18 2-2886 1-5720 3907 0-165 


whence 10’7AB = 3-627w, + 14-8w,?, DAn/Sw, = 0-1085, }Ac/Yw, = 


975 0-035 _ 0-118 


31 2-3372 
40 2-3680 1-5566 


42 23773 15544 
3-84, DAd/Sw, = —0-760 


1-5628 


Solute: p-dimethoxybenzene 


1007 
1137 
1342 
1614 


whence 107AB = 1-368w, — 0-01lw,?, }An/Sw, = 


852 
1094 
1518 
2245 
3489 
3656 
4149 
4326 


0-014 
0-015 
0-018 
0-022 


— 0-029 
— 0-038 
— 0-052 
—0-078 
—0-145 


15 
18 


22 
23 


2-2738 
2-2803 
2-2908 
2-3040 


2-3758 


2-4048 


1-5769 2083 
1-5760 2379 
1-5744 3253 
1-5722 4972 


Solute: phenyl acetate 


5303 
5634 
6063 
6933 
8009 
8469 
8639 


1-5583, 


1-5538 


0-028 
0-034 
0-044 


06-1118, SAc/Sw, = 4-73, SAd/Sw, 


whence 10’AB = —3-42w, — 1-62w,?, }An/Sw, = 0-064, DAc/S wv, 


885 
1102 
1180 


whence 10°AB = —2-15w, — 2-86w,?, }An/Sw, = 


825 
1779 
3110 


—0-019 
—0-024 
— 0-026 


— 0-026 
— 0-054 
— 0-105 


6 


2-2757 
2-2880 
2-2914 


27 
36 


2-3396 
2-3824 
2-4638 


34 2-4408 


38 
44 
51 
55 


2-5080 
2-5456 
2-5716 
2-5744 


1-5691 
1-5669 
1-5601 
1-5477 


— 0-749. 


1-5468 


1-5345, 
1-5280 
1-5235 


= 4.05, DAd/Xw, = —0-714. 


Solute: o-phenylene diacetate 


1-5796 
1-5785 
1-5781 


1510 
1615 
1717 


— 0-034 
—0-035 
— 0-038 


Solute: m-phenylene diacetate 


2-2657 
2-3111 
2-3745 


1-5804 
1-5755 
1-5689 


4479 
6440 
8002 


—0-145 
— 0-225 
— 0-282 


8 2-3105 
2-3158 
9 2-3216 


2-4390 
2-5320 
2-6064 


27 
40 
52 


1-5762 
1-5757 
1-5751 


0-053, DAe/Hw, = 5-51, DAd/Dw, = —0-550. 


1-5621 
1-5523, 
1-5447 


whence 10°AB = —3-07w, — 5-79w,?, DAn/Sw, = 0-062, DAe/Hw, = 4:73, DAd/Yw, = —0-503. 


Solute: p-phenylene diacetate 


426 
446 
482 


whence 


903 
1587 
2550 
3366 


—0-021 
— 0-023 
— 0-024 


10°AB = —4-72w, — 46-3w,%, DAn/Xw, = 


0-050 
0-089 
0-136 
0-187 


12 
19 
25 


2-2465 
2-2473 
2-2490 


2-2730 
2-3085 
2-3568 
2-3991 


1-5823 
1-5822, 
1-5820 


590 
717 
852 


Solute: ethyl benzoate 


1-5774 4170 
1-5719 5521 
1-5644 5978 
1-5580, 8039 


— 0-028 
— 0-036 
— 0-044 


0-053, DAe/Iw, 


0-228 
0-300 
0-319 
0-443 


whence 10°AB = 5-39w, + 1-02w,?, DAn/w, = 0-074, DAe/w, = 


3 2-2533 
4 2-2595 
2-2661 


1-5814 
1-5809 
1-5802, 


= 4-54, DAd/Sw, = —0-516. 


30 


2-4390 


57 2-6358 


1-5518 


1-5221 


5-10, SAd/w, = — 0-788. 
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TABLE 1. (Continued.) 
10*An d 105w, 
Solute: diethyl phthalate 


(1960) 


10%,  10°AB 10°AB 


982 
1616 
2666 
3677 


whence 107AB = 0-974w, + 1-32w,*, DAn/Yw, = 0-065, DAc/Sw, = 
Solute: diethyl isophthalate 


275 
502 
630 
737 
893 
1075 
1145 


0-008 
0-016 
0-029 
0-037 


0-030 
0-052 
0-066 
0-080 
0-118 
0-125 


11 
23 


2-2992 
2-3450 


2-4942 


2-2613 
2-2758 


1-5743 
1-5674 
1-5618 


1-5813 
1-5805 


1-5788 


4005 
4300 
6936 
9447 


1153 
1161 
1242 
1484 
1560 
1728 
2736 


0-040 
0-045 
0-074 


26 


45 
59 


10 
12 
19 


2-5189 


2-7378 
2-9126 


2-2897 


2-3084 


2-3211 
2-3782 


1-5595 
1-5573 
1-5414 


7-30, SAd/Sw, = —0-629. 


1-5773 


1-5753 


1-5675 


whence 10°AB = 10-7w, + 24-9w,?, DA/Xw, = 0-069, DAc/Sw, = 5-46, DAd/Sw, = —0-631. 


960 
1238 
2413 
2782 


0-030 
0-041 
0-076 
0-084 


Solute: diethyl terephthalate 


2-2812 
2-2972 
2-3638 
2-3850 


19 
22 


1-5784 
1-5766 
1-5689 
1-5668 


2910 
4265 
4302 
4850 


0-090 
0-134 


0-154 


23 
33 


37 


2-3934 


2-4728 
2-4951 


1-5655 


1-5570 
1-5540 


whence 107AB = 3-06w, + 2-01w,*, DAn/Xw, = 0-078, SAe/Yw, = 5-68, YAd/Sw, = —0-640. 


0 
1632 
1781 
2030 
2110 


—t 
0-028 
0-032 
0-038 
0-040 


Solute: poly(ethylene o-phthalate). 


ay 


1l 
12 


2-2725 


2-3497 
2-3615 


0-8738 


0-8793 
0-8804 


2316 
2450 
2782 
2952 
3370 


0-042 


0-050 
0-053 


Solvent: benzene 


13 


16 


2-3689 
2:3758 
2-3919 
2-4003 
2-4167 


0-8809 
0-8817 
0-8826 
0-8833 
0-8844 


whence 10°AB = 1-827w, — 0-561w,?, DAn/Xw, = 0-054, DAe/Sw, = 4:29, DAd/Sw, = 0-317. 
* For w, = 0, B, = 0-070 x 10-7, m, = 1-4575. + B, = 0-410 x 107, m, = 1-4973. 


TABLE 2. Molar Kerr constants at infinite dilution in carbon tetrachloride at 25°. 
ae, B y 8 wo(mKs) X 10% 


PhOMe 
o-C,H,(OMe), 


m- 


o-C,H, (OAc), 


m- 


0-C,H,(OMe), 
m- 


” 


” 


oP, 
(c.c.) 
66-2 
79-5 
93-7 
106-5 
94-6 
161-3 


3-04 
2-91 
3-84 
4-73 
4-05 
5-51 
4-73 
4-54 
5-10 
7-30 
5-46 
5-68 
4-29 


—0-584 
— 0-456 
—0-480 
—0-473 
—0-451 
—0-347 
—0-317 
— 0-326 
—0-497 
— 0-397 
—0-398 
—0-404 

0-363 


Determined in benzene. 


0-069 
0-079 
0-074 
0-077 
0-044 
0-036 
0-043 
0-036 
0-051 
0-045 
0-047 
0-054 
0-036 


35-5, 


—2-33, 


51-8, 
19-5, 
—48-9, 
—30-7, 
— 43-8, 
—67-4, 
77-01 
13-9, 
153-4 

43-7, 
4-46 


t Calc. by using M, = 1022. 


TABLE 3. Polarisations and dipole moments. 


BR 
(D) 
1-27 
1-39 
1-62 
1-80 
1-68 


Rp 
(c.c.) 
32-9 
39-8 
40-1 
40-0 
36-8 
48-4 2-35 


B 
(D) 


oP, 
(c.c.) 
140-6 
122-3 
228-8 
185-5 


Rp 
(c.c.) 
47-7 
42-3 
58-0 
58-4 
59-3 
250 


0-C,H,(OAc), 
m- * 144-2 


47-9 2-17 
* Determined in benzene. 


t Calc. by using M, = 1022. 


28-8 
2-4, 
53-2 
19-3, 
— 50-4 
— 46-6 
— 65-2 
—99-3 
85-5 
19-6 
253-3 
70-5 
235 t 
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Measurements made before 1948 are listed by Wesson but his tables contain no entries for 
the diacetates of veratrole and resorcinol, or for diethyl isophthalate. 

Lippmann," Leiser,4* and Becker ™ have noted the Kerr constant of pure anisole, and 
Lippmann has also reported the Kerr effects (relatively to carbon disulphide) of three mixtures 
with benzene, but for none of the present thirteen solutes is a molar Kerr constant available in 
the literature. 


DISCUSSION 


Anisole and the Three Dimethoxybenzenes.—From the molecular refractions for anisole 
given by Vogel,!® the electronic polarisation follows as 31-58 c.c., whence b, + b, + b, = 
3-755 x 10° c.c. Krishnan ¥ has reported a depolarisation factor (for light scattered at 
90° to an incident beam) which, with an isothermal compressibility of 63 x 10° per atm., 
yields 28-6 x 10% as the molecular anisotropy 8? (cf. ref. 17), so that 


(b, — b.)® + (by — bg)® + (bg — b,)? = 0-4033 x 10-4 


From the molar Kerr constant (Table 2), 6, + 0, is 6-85 x 10°. Accordingly, if the 
resultant moment acts along one of the principal axes of the polarisability ellipsoid, this 
axis has the magnitude 1-32 x 10° and the two associated axes have magnitudes 1-47 
and 0-96 x 103. Since the moment 8 of dimethyl ether is 1-25 D and the Me-O-Me 
angle is 110°, 1-10 D seems a reasonable value for py_.o; despite the estimates of mesomeric 
moments in anisole by Lumbroso ® and Groves and Sugden,”! up,» cannot be greatly less 
than 1-1 D to produce pgnisoie = 1-24; D by the interaction of components at ca. 110° (the 
assumed Ph-O-Me angle in this molecule). Lumbroso ™ considers that the resultant acts 
at 104° to the Ph-O axis; we shall accept this in what follows. 

When account is taken of the anisotropic polarisabilities of benzene? (10%), = 
10), = 1-12, 10), = 0-73,), and of the C-O bond (10%5d;, = 0-081, 10d, = 10% by = 
0-039), together with the isotropic ? polarisability of the C-H link (0-064 x 10° c.c,), it 
becomes evident that b,x, in anisole can justifiably be taken as nearly parallel to the Ph-0 
bond direction. Calculation for a flat molecule as (I) provides the following specifications 

for the polarisability ellipsoid: 10%, = 1-37,, 10%), = 1-36,, 

_Me 103), = 0-94,; 6, + 6, is therefore 10-57 x 10, which corresponds 

104°\9/ 110° to an »K of 44-4 x 10%. The observed value is less than this 

(28-8 x 10°). The difference between the found and calculated sums 

Pal b, + by + bs, viz., (3°755 — 3-677 = 0-078) x 103, indicates a small 

b, exaltation in the total polarisability; this Ab may (in the light of 

(I) previous conclusions, cf. p. 301 of ref. 2) be added to 6,, thus making 

the “ predicted” semi-axes for anisole 1-45), 1:36,, and 0-94, 

(all x 10° c.c.). These produce a calculated ,,.K of 40 x 10 which still considerably 
exceeds the value from experiment. 

Because Lumbroso ” in 1950 and Everard and Sutton ® in 1949 had previously noted 
that interactions between the methoxy-group and hydrogen atoms ortho to it could reduce 
the probability of the existence of flat forms, the effects to be expected if the molecule 
were non-planar have been investigated. The most satisfactory result is obtained by 
supposing that the effective conformation of anisole is one in which the planes containing 

11 Wesson, ‘‘ Tables of Electric Dipole Moments,’’ Technology Press, M.I.T., 1948. 

18 Lippmann, Diss., Dresden, 1912. 

18 Leiser, Abh. Bunsen Ges., No. 4, 1910. 

4 Becker, Ann. Physik, 1925, 76, 849. 

15 Vogel, J., 1948, 616. 

16 Krishnan, Phil. Mag., 1925, 50, 697. 

17 Le Févre and Rao, /., 1957, 3644; 1958, 1465. 

18 Barclay and Le Feévre, J., 1952, 1643. 

1 Sutton and Brockway, J. Amer. Chem. Soc., 1935, 57,473; Pauling and Brockway, ibid., p. 2684. 


2° Lumbroso, Bull. Soc. chim. France, 1950, 812; 1955, 643; Lumbroso and Dumas, ibid., p. 655. 
21 Groves and Sugden, /., 1937, 1992. 
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the Cy.-O-Me triangle and the benzene ring are at about 18° to one another; then 
10%, = 1-45, 105, = 1-36, and 10, = 0-94,, giving mK calc. = 29-8 x 10®. 

The situations with the three dimethoxybenzenes are less clear. It seems reasonable 
to argue that if anisole does not have a flat configuration, none of the dimethoxybenzenes 
will have one either. In this analysis, for each isomer intervalency angles and component 
moments have been assumed to be the same as in anisole. Predictions, and various details 
underlying them, are summarised against the formule (Ila—d) for veratrole, (I11]a—f) for 
m-dimethoxybenzene, and (IVa—h) for the p-isomer. 

In no case does a single effective conformation agree with both the dipole moment and 
molar Kerr constant as measured (cf. Tables 2 and 3). 


Pp 
*o 


Mel Me Met. Met 
q P 
b mn Me m~ Me Lue One 
5, 
(II) (a) (¢) 


(b) (4) 
p= 30° up; q= 30° down. r= 40° up; s= 40° down. 


MeL, me. 
™_, oo iy 
(b) 


(Il) (a) 


Met Me 4, 


t = 18° up; u = 18° down 


Mes, Meg. Met 
Eh an ae: oe 
BS 

u wo 
Oe Me Ste ie~ 


(IV) (a) (b) (¢) 
Mel, 


Me~ 
(h) 


(Illa) (IIIb) (IIIc) (IIId) (IIe) (IIIf) 
1-619 1619 1-640 1-640 1-598 1-598 
1-606 1-606 1-585 1-585 1-627 1-627 
1156 1156 1-156 1156 1156 1-156 
Mm % 8 9° 4, 
46 17 116 87 90 60 


(Vd) (IVe) (IV) (Vg) (IVh) 
1-626 1-626 1-626 1-626 1-626 
1-600 1-588 1-588 1-588 1-588 
1-156 1-167 1-167 1-167 1-167 
2-4, 0 1-2, 2-0, 2-4, 
103 9 —61 101 31 
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With o-dimethoxybenzene we are confronted with the special problem that none of the 
structures (I[la—d) should have a tUrecuitant 2S low as that observed; therefore, neither a 
single form nor any mixture of these four forms can correctly describe this solute. Curran? 
supposed the existence of an “ appreciable number ”’ of cis-trans-molecules (V), but inspec. 
tion of Fig. 6 on p. 2316 of Everard and Sutton’s paper ® indicates that a coplanar arrange- 
ment for (V) is sterically impossible. One is thus driven to the conclusion that in this 
ortho-compound the two oxygen atoms cannot be coplanar with the Ar-ring. If, however, 
we assume the oxygen atoms to be situated one above and one below the C, plane (as are 
the chlorine atoms in o-dichlorobenzene * or cis-dichloroethylene *5), then the individual 
group moment directions can be approximately at right angles to the projections of the 
C,,.-O longitudinal axes in the C, plane. Calculations then show that an equimolecular 
mixture of the two sterically allowable isomers in which the group moments are disposed 
at ca. 30° to this C, plane would correspond to a dipole moment and molar Kerr constant 
close to those actually recorded (Tables 2 and 3). Such a hypothesis is advanced with 
diffidence, since the “‘ Wirkungsradius ”’ of oxygen is usually considered to be less than 
that of chlorine 76 and no obvious steric cause can be cited in justification. 


Me 


Me ° 
LoS 
° ees 124° 
Ws? 
b, 
b 
(V) (V1) r 


With m-dimethoxybenzene it is clear that, since pops.: is 1-5, D, there must be some 
participation by forms (IIIa) and/or (IIIb). A mixture of equal parts of (II1Ia—d) would 
produce » = 1-88 p and ,,K = 66 x 10°, and a similar mixture of all six forms, p = 
1-85 p and ,,K = 69 x 10°". Mixtures in which forms a and } predominate seem most 
likely from a study of models, and are easily reconcilable with our measurements; ¢.g., a 
mixture having forms a, b, c, and d in the proportions 3 : 3: 1: 1 would have pea, = 1-6, D 
and mK catc. = 49 < 101%; agreement with experiment can be made closer by minor alter- 
ations in the proportions assumed. 

With #-dimethoxybenzene the non-polar form (IVa) (or IVe) cannot only be ac- 
companied by (IVb) (or IVf), because the observed resultant moment is 1-7,p. Equi- 
molecular mixtures of (I[Va—d) or ([Ve—h) (the latter group having a greater 
non-planarity than the former) require pyecuitant aNd mK of 1-70 D and 57 x 107 or 1-70D 
and 20 x 10°, respectively; since the observed data are 1-7, D and 19-4 x 10°, the 
conformations (I[Ve—IVh) are preferred. 

Phenyl Acetate and the Three Diacetoxybenzenes.—In addition to the bond polaris- 
abilities mentioned above, those for C-C and C=O are now needed. For the former bond, 
the values (viz., bk ° = 0-098,, by? © = by° © = 0-027,; all as units 10° c.c.) extracted 
from cyclohexane * will be used; for the latter, those (viz., b,°-° = 0-230, bp = 0-140, 
by = 0-046) from acetone.”’ 

For a completely flat conformation of phenyl acetate we calculate b, = 1-63, b, = 1°58, 
and 6, = 1-01, which, with pyesuitant acting parallel to the C=O bond, should give a positive 
mk of about 100 x 10°. This is in marked disagreement with —50-4 x 10°” actually 
observed. Inspection of scale models shows such a flat structure to be sterically impossible. 
For (VI), in which the plane of the benzene ring is perpendicular to that of the rest of the 


22 Le Févre and Le Févre, J., 1956, 3549. 

*3 Curran, J. Amer. Chem. Soc., 1945, 67, 1835. 

*4 Bastiansen and Hassel, Acta Chem. Scand., 1947, 1, 489. 
*° Bramley, Le Févre, Le Févre, and Rao, J., 1959, 1183. 
26 Stuart, Z. phys. Chem., 1935, B, 27, 350. 

27 Le Févre, Le Févre, and Rao, J., 1959, 2340. 
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molecule, we forecast 6, = 1-63,, b, = 1-20,, and 6, = 1-394, so that 6, calc. is 1-65 x 10° 
and the precise magnitude of @, depends on the angle tresuitant Makes with the principal 
Jarisability axes. For simplicity we consider presuitant to act in the b,b, plane and at an 

angle ¢ to the by AXIS; mK aie. iS sensitively affected by ¢: 

, BRR ee 0° 20° 25° 31° 

a RS LI OE —86 —63 —52 —35 
Small variations could, of course, be made in these calculations by taking inter-valency 
angles different from those shown in (VI), which were selected from data for related 
molecules listed in refs. 28(a) and (b). The “ trans ’’-conformation of this ester has not 
been considered, in view of its moment and the arguments (concerning aliphatic esters) 
used by Marsden and Sutton,” but it is possible that pyesuttant for (VI) does not act exactly 
parallel to the C=O bond direction [#.e., ¢ = 31° in (V)]; obviously, for a given Ph-O-C 
angle, the larger the O-C=O angle the more will ¢ be reduced, and that ¢ might have a 
value of ca. 25° is not surprising. Calculations for conformations having partial rotations 
about the Ph-O or O-C bonds are not reproduced, since in general they lead to predicted 
values of ,,K which are less negative than the ..(,K,) actually observed. 

With the isomeric diacetoxybenzenes, therefore, we foresee only two possible conform- 
ations in each case: one in which both CH,°CO-O units lie in planes at 90° to the central 
C, ring (““ both up ”’), and the other in which they are on opposite sides (‘‘ up-down ”’). 
Calculations are listed in Table 4; 6, and }, are throughout located along the 1,4 and 6,2 
directions of the C, ring. 


TABLE 4. Predicted semi-axes, dipole moments, and molar Kerr constants for the 


diacetoxybenzenes. 
Conformation 10735, 10%), 107d, w(D) = mK x 10" 

1,2-Diacetoxybenzene 

NN caisavtncecsneyispcossscacvebieans 1-971 1-850 1-673 3-1, —175 

MENDED Swans teiswsdvctvosdacacesation io a pA 1-4, +40 
1,3-Diacetoxybenzene 

BOD Ssencsacisasiersgnscccdccoqeeesea 1-971 1-850 1-673 2-9, — 206 

NINE. snccrestsrivnennmnconssgeness * =a a 0-82 +9 
1,4-Diacetoxybenzene 

SN MD nencavizcantuesveacecespscsserins 2-152 1-670 1-673 2-8, — 204 

SEMEN wedescondabtirateseonvecibaiie ~ on - 0 +11 


Since in no instance does prediction for a single form agree both with the observed 
moment and with the molar Kerr constant, we suggest that these compounds exist in 
solution as mixtures as follow: 


Proportions Hmixture mC mixture 
Both up : up-down Calc. Obs. Calc. Obs. 
RIOD nncaccdssceerenseisas 1:2 2-2 2-3 —32 —47 
i ii SE 1-9 2-1 — 63 — 65 
14 ,, a<3 2-0 2-1 —97 —99 





Ethyl Benzoate and the Three Diethoxycarbonylbenzenes (Diethyl Phthalates).—As a 
preliminary, we reconsider the case of ethyl formate, for which Le Févre, Le Févre, and 
Oh * have reported ..(mAK,) = 54-6 X 10° and uresuttant = 2°0, (D). Taking the structure of 
this ester as (VII), with « = 110°, 8 = 110°, and y = 120°, we calculate, respectively for 
b, directed as shown in (VII) or for 6, directed parallel to the C=O bond, the two following 
sets of molecular semi-axes: 


. 1073), = 0-778 0-762 
10%), = 0-533) (0-533 
*® (a) Allen and Sutton, Acta Cryst., 1950, 3, 46; (b) Chem. Soc. Spec. Publ., No. 11, 1958. 


* Marsden and Sutton, J., 1936, 1383. 
* Le Févre, Le Févre, and Oh, Austral. J]. Chem., 1957, 10, 218. 
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In ref. 30 the second of these assumptions was made and the observational equations were 
solved to give apparent semi-axes of 0-755 x 10-3, 0-764 x 10-3, and 0-541 x 10°, byt 
since it is now clear that axial locations as in (VII) lead to a larger 


7 value of b,—and therefore to a better recognition of the greatest 
SH, principal axis—than do those of Le Févre, Le Févre, and Oh®™ 
aly os we shall adopt (VII) as a basis for subsequent calculations, 

cee . [Incidentally, the semi-axes calculated for (VII) correspond to an 
Mi b> ' wK of 593 x 107%, in reasonable accord with the value from 


experiment—a fact which further justifies the C-O, C=O, C-C, and 
C-H bond polarisability data used in this paper.] 

With regard to ethyl benzoate, it is clear that a structure in which the C,H, and the 
EtO-C:O groups are coplanar is unsatisfactory; good agreement with measurement is, 
however, achieved if the ethoxycarbonyl plane is twisted 23° out of that of the benzene 
ring: 


(VII) 


10%, 10%, 10%, 10,,*K (calc.) 10,1*K (expt, 
INE dasha tds ciisithveriiltihDiie 1-840 1-778 1-174 143} pay 
PEG viccdeererennciovepiis 1-840 1-744 1-207 86 


The calculations for the three esters are summarised under formule in which arrows 
indicate the EtO-C:O resultant moments (taken as acting parallel to the C=O direction, 
cf. Marsden and Sutton ®) and the expressions “‘ up x°” or “‘ down x° ”’ refer to the twists 
assumed for the EtO-C:O plane above or below the C,-plane. 


k k k m m ° ° 
! « k m n ° Pp 
b2 
(b) (c) (d). (e) 


(VIII) (a) (f) (g) 
k =23° up. 1=23° down. m= 45° up. n= 45° down. o= 35° up. p= 35° down, 
k k k k k k 
k | > | s | ] | >i | * 
(IX) (a) (b) (c) (d) (e) (f) 
k + k k 
l k k | 
(X) (a) (b) (¢) (d) 
(VIIIa) (VIIIb) (VIIIc) (VIIId) (VIIIe) (VIIIf) —(VILIg) 
1O™B,  ..0000 2-495 2-495 2-495 2-436 2-436 2-465 2-465 
10", ...... 2-446 2-446 2-446 2-349 2-349 2-397 2-397 
10%, ...... 1-680 1-680 1-680 1-837 1-837 1-761 1-761 
gh cae cosses 0-13 3-4, 1-3, 3-5, 0-50 3-5, 0-30 
ak < 1@ 31 279 —121 — 165 24 13 25 
(IXa) (IXb) (IXc) (IXd) (IXe) (IXf) (Xa) (Xb) (Xc)  (IXd) 
10%}, .....- 2-495 2-495 2-495 2-495 2-495 2-495 2-566 2-566 2-566 2-566 
LOB, ..2006 2-446 2-446 2-446 2-446 2-446 2-446 2-374 2-374 2-374 2-374 
10*9b, ...... 1-680 1-680 1-680 1-680 1-680 1-680 1-681 1-681 1-681 1-681 
py ape a i, 2, ms MH 0 13, 38 1, 
ak x 16° 39 191 1 153 590 438 31 —121 146 299 


In each instance we started by adopting the degree of non-planarity deduced above for 
ethyl benzoate. As with the two previous groups of compounds, no single conformation 
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appeared to be simultaneously compatible with the two properties measured; again 
therefore we conclude that these solutes exist as mixtures. The following, into which the 
components enter in 1 : 1 ratios, are suggested for the three di-esters: 


Hmixture mK mixture 
Components Cale. Obs. Calc. Obs. 
IE cispatsiininceientinn (VIIIf and g) 2-5 2-9 19 20 
ity ctabehieuisebbaniiie (IXa—f) 2-7 2-5 235 253 
SEE Lay '. susabeiavhicsennssene (Xa—d) 2-4 2-5 89 71 
UNIVERSITY OF SYDNEY, N.S.W., AUSTRALIA, (Received, October 6th, 1959.) 





639. Metallic Complexes of Dimethyl-o-methylthiophenylarsine. 
Part V.1 Complexes of Rhodium and Iridium. 


By B. CuHIsweELt and S. E. LIVINGSTONE. 


Complexes of the chelate group, dimethyl-o-methylthiophenylarsine 
(As-S), with tervalent rhodium and iridium have been investigated. 
Rhodium forms compounds 2RhX;,,3(As-S),nH,O (where X = Cl, » = 3; 
X = Br,n=2; X=I,n=0). Evidence is given supporting the formul- 
ation of the compounds as salts [Rh(As-S),X,][Rh(As-S)X,],nH,O. Iridium 
forms complexes of a different type, viz., IrX;,2(As-S). These compounds 
are poor conductors in nitrobenzene and probably contain septacovalent 
iridium. 


Previous parts! of this series have reported the complexes formed by dimethyl-o- 
methylthiophenylarsine, o-C,H,(AsMe,)"SMe (As-S), with certain transition elements. 
Except with silver and gold, where some doubt exists concerning the structure of the 
complexes, the ligand o-C,H,(AsMe,)*SMe behaves as a bidentate chelate group. This 
communication reports the compounds formed by this ligand with tervalent rhodium and 
tervalent iridium. The principal valency state of both these elements is three, although 
stable compounds of quadrivalent iridium are well known and a number of arsine * and 
pyridine > complexes of bivalent rhodium and arsine complexes of bivalent iridium * have 
been reported. In complexes in which they are tervalent, both elements exhibit a 
co-ordination number of six. 

By reaction of the arsine with rhodium(11) halides in aqueous-alcoholic solution 
compounds were isolated having the general formula 2RhX,,3(As-S) (X = Cl, Br, or I). 
The chloro- and bromo-complexes are hydrated with three and two molecules of water, 
respectively. These compounds can be formulated in three ways: (a) [Rh(As-S),][RhXg], 
(b) (Rh(As-S),X,],[RhX,], (c) [Rh(As-S),X,][Rh(As-S)X,]. On the basis of the molecular 
formula, 2RhX,,3(As-S), these compounds would be expected to have molecular con- 
ductivities in nitrobenzene as follows: (a) 75—90, (b) 38—45, (c) 25—30 mho. The 
chloro-compound has a value for the molecular conductivity in nitrobenzene of 30 mho 
and is pale yellow, while the compounds K,RhCl, and Na,;RhCI, are red. A molecular- 
weight determination ‘on the chloro-complex in freezing nitrobenzene—M (obs.), 670; 
M (calc.), 1156—gave the value of the van t’Hoff factor as 1-73, which is consistent with 
the dissociation of the compound into two ions in nitrobenzene solution. These facts 
suggest that the formula is neither (a) nor (5), but is most likely (c). A pentaiodide of 


1 Part IV, Chiswell and Livingstone, J., 1960, 1071. 

* Livingstone, J., 1958, 4222. 

* Chiswell and Livingstone, J., 1959, 2931; 1960, 97. 

* Dwyer and Nyholm, J. Proc. Roy. Soc. New South Wales, 1941, 75, 127; 1942, 76, 133. 
* Dwyer and Nyholm, J. Proc. Roy. Soc. New South Wales, 1942, '76, 275. 

* Dwyer and Nyholm, J. Proc. Roy. Soc. New South Wales, 1943, 77, 116. 
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the cation [Rh(As-S),I,]* was also isolated; however, it is insoluble in all solvents. The 
compounds, all of which are diamagnetic, are listed in Table 1. 


TABLE 1. Complexes of rhodium with dimethyl-o-methylthiophenylarsine. 
A in PhNO, (10-8m) 


Compound Colour at 25° (mho) 
[Rh(As-S),Cl,][Rh(As-S)Cl,],3H,O —..........ceeeeeeeeee Pale yellow 30-0 
{Rh(As-S),Br,][Rh(As-S)Br,],2H,O .............0eeeeeee Yellowish-orange 28-1 
[RAS Spada SU AR Clg) scccsccccscccscccccscccsseccesoee Reddish-brown 15-4 
PAINS, eseconsnensthopsanescceeesececeoesacansisseoeess Brown Insol. 


As can be seen in Table 1, the chloro- and bromo-complexes have molecular con- 
ductivities in the range expected for uni-univalent electrolytes but the iodo-complex 
has a conductivity which is little more than half this value. The values for the molecular 
conductivity (Ajo99) of the iodo-complex in nitromethane (42-8 mho) and in acetone 
(82-4 mho) are also a little over half that of a uni-univalent electrolyte in these solvents, 
At a concentration of 10“m the molecular conductivity (18-8 mho) in nitrobenzene is 
unaltered in the presence of a 100-fold molar excess of the ligand. It is clear that no 
dissociation, involving the splitting off of a molecule of ligand, occurs in nitrobenzene 
solution. No explanation is offered for the low conductivity of this compound. 

It is noteworthy that the ligand, o-phenylenebisdimethylarsine (As—As), gives with 
tervalent rhodium complexes which have two halogen atoms and two molecules of the 
chelate in the cation; these were isolated as the halides, [Rh(As~As),X,]X (As-As = 
o-phenylenebisdimethylarsine and X = Cl, Br, or I).” 

By reaction of ammonium chloroiridate(111) with the arsine in aqueous alcohol in the 
presence of the appropriate halide ion the compounds, IrX,,2(As-S) (X = Cl, Br, or I), can be 
obtained. These compounds, which are listed,in Table 2, are diamagnetic and are insoluble 


TABLE 2. Complexes of iridium with dimethyl-o-methylihiophenylarsine. 
A (10-*m) at 25° (mho) 


Compound Colour PhNO, MeNO, Me,CO 
BOURNE ye evcisvaniestocsesasscsnareoces Yellow 1-2 27:3 24-4 
DN Rs dcxscnacdencevnssesncnsannanes Orange 1-7 29-3 39-4 
MEME, Sb bibencducesitesypnccandedens Yellowish-brown 4:3 85-3 134 


in water, but moderately soluble in acetone, nitrobenzene, and nitromethane. The chloro- 
and iodo-complexes are monomeric in freezing nitrobenzene. The conductivities of these 
compounds in the three solvents, nitrobenzene, nitromethane, and acetone, are interesting. 
The usual values for the conductivity of uni-univalent electrolytes in these solvents are 
25—30, 75—90, and 130—150 mho, respectively. The three complexes are only slightly 
dissociated in nitrobenzene solution, but the iodo-complex is appreciably more so than 
the other two. In the more polar solvents, nitromethane and acetone, the degree of ionic 
dissociation is greater than in nitrobenzene; it is slightly greater for the bromo- than for 
the chloro-complex. However, in both solvents the iodo-complex behaves as a uni- 
univalent electrolyte. 

It was thought that these compounds in solution may lose a molecule of ligand; this 
occurs with the complexes of palladium ? and platinum ! with this ligand. Consequently, 
the molecular conductivity (Aj9,999) of the iodo-complex was measured first in nitrobenzene 
and secondly in nitrobenzene containing a 100-fold molar excess (above that contained 
in the complex) of the ligand: the value of 4-8 mho was obtained in each case. The 
absorption spectra of solutions of the iodo-complex in (a) nitrobenzene and (bd) nitro- 
benzene containing a 100-fold molar excess of the ligand were identical over the range 
430—850 my (Amax. 795 my; e¢ 400). The absorption spectra of solutions of the iodo- 
complex in (c) acetone and (d) acetone containing a 100-fold molar excess of the ligand 
were also measured. These spectra are identical (Amax. 390 my; ¢ 3700; Amex 800 my; 
7 Nyholm, J., 1950, 857. 
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¢ 370) and very similar to the spectra of the nitrobenzene solutions. These results show 
that in solution in these solvents there is no dissociation which involves a splitting off of 
a molecule of ligand from the complex. Attempts to isolate a perchlorate and a picrate 
of the complex ion, [Ir(As-S),I,]*, were unsuccessful. 

It is known that both arsines® and alkyl sulphides® form stable complexes with 
tervalent iridium; hence it seems most likely that the ligand is behaving as a chelate 
group in these complexes and that both arsine and sulphur atoms are covalently bound to 
the iridium atom. Such a structure requires septacovalent iridium. Although no 
compounds of iridium with a co-ordination number of seven have been reported hitherto, 
septacovalency has been established for iodine,!® zirconium," niobium,!” tantalum,” and 
probably for trhodium.!* It has been shown that with bivalent palladium ? and bivalent 
platinum * the ligand forms complexes in which the metal atom has a co-ordination 
number greater than the usual value of four. Nothing can be said with certainty con- 
cerning the orbitals used for bonding by septacovalent iridium(t11), but it seems reasonable 
to assume that the bonding pairs are 5(dy)*6(s)?6(p)*6(de)?. 


EXPERIMENTAL 


Dichlorobis(dimethyl-o-methylthiophenylarsine)rhodium(111) Tetrachloro(dimethyl-o-methylthio- 
phenylarsine)rhodate(111) Trihydrate.—The arsine (0-5 g.) in alcohol (20 ml.) was added to a 
solution of rhodium(111) hydroxide (0-3 g.) in 10N-hydrochloric acid (10 ml.). The mixture was 
shaken for 5 min. then the precipitate was filtered off and recrystallized from 50% aqueous 
alcohol to give the crystalline compound, which was dried (P,O,) (yield, 0-6 g.) (Found: 
C, 28-1; H, 4:1; Cl, 18-1; Rh, 17-6%; M, cryoscopically in 0-35% nitrobenzene, 670. 
C.,H,;0,C1,S,As,Rh, requires C, 28-1; H; 3-9; Cl, 18-4; Rh, 17-7%; M, 1156). 

Dibromobis(dimethyl-o-methylthiophenylarsine)rhodium(t11) Tetrabromo(dimethyl-o-methyl- 
thiophenylarsine)rhodate(111) Dihydrate.-—This compound (0-3 g.) was prepared similarly by using 
hydrobromic acid (Found: C, 23:3; H, 3-3; Br, 342; Rh, 14-7. C,,H,,0,Br,S5,As,Rh, 
requires C, 23-1; H, 3-1; Br, 34-2; Rh, 146%). 

Di-iodobis(dimethyl-o-methylthiophenylarsine)rhodium(111) Tetraiodo(dimethyl-o-methylthio- 
phenylarsine)rhodate(111).—The arsine (0-5 g.) in alcohol (10 ml.) was added to a solution of 
sodium hexachlororhodate(111) (0-3 g.) and lithium iodide (0-4 g.) in water (10 ml.). The solution 
was heated on the water-bath for 20:min. and, on cooling, gave the iodo-complex, which 
was recrystallized from alcohol (yield, 0-5 g.) (Found: C, 19-75; H, 2-5; I, 46-1; Rh, 12-4. 
CypHygI,S,As,Rh, requires C, 19-6; H, 2-4; I, 46-1; Rh, 12-5%). 

Di-iodobis(dimethyl-o-methylihiophenylarsine)rhodium(t11) Pentaiodide.—Sodium hexa- 
chlororhodate(111) (0-5 g.) in water (5 ml.) was treated with 66% hydriodic acid (5 ml.) con- 
taining iodine and then with the arsine in alcohol (25 ml.)._ The solution was refluxed for 2 hr. 
and cooled, and the complex (0-5 g.) filtered off (Found: C, 14-4; H, 2-5; I, 61-5; Rh, 7-6. 
CisH,,I,S,As,Rh requires C, 14-9; H, 1-8; I, 61-3; Rh, 7-1%). 

Trichlorobis(dimethyl-o-methylthiophenylarsine)iridium(111).—The arsine (0-5 g.) in alcohol 
(10 ml.) was added to a solution of ammonium hexachloroiridate(11) (0-4 g.) in water (10 ml.), 
containing 10N-hydrochloric acid (2 drops). The solution was heated on the water-bath for 
30 min., then cooled. Addition of water (10 ml.) precipitated a red oil, which was separated 
and heated with alcohol (20 ml.). The mixture, upon cooling, deposited the crystalline com- 
pound, which was filtered off and washed with a little alcohol (yield, 0-4 g.) (Found: C, 28-8; 
H, 3-4; Cl, 14-0; Ir, 25-2%; M, cryoscopically in 0-54% nitrobenzene, 870. C,,H,,Cl,S,As,Ir 
requires C, 28-6; H, 3-5; Cl, 14-1; Ir, 25-5%; M, 756). 

Tribromobis(dimethyl-o-methylthiophenylarsine)iridium(t11).—In a similar manner a solution 
of ammonium hexachloroiridate(111) (0-4 g.) in 34% hydrobromic acid (10 ml.) gave the mono- 
solvated bromo-compound (yield, 0-45 g.) (Found: C, 25-5; H, 2-9; Br, 25-8; Ir, 20-8. 


* Dwyer and Nyholm, J. Proc. Roy. Soc. New South Wales, 1945, 79, 121. 
® Ray and Adhikari, J. Indian Chem. Soc., 1932, 9, 251. 
%® Lord, Lynch, Schumb, and Slowinski, J. Amer. Chem. Soc., 1950, 72, 522. 
- Hampson and Pauling, J. Amer. Chem. Soc., 1938, 60, 2702; Zachariasen, Acta Cryst., 1954, 7, 


ia Hoard, Acta Cryst., 1939, 61, 1252. 
8 Sharpe, J., 1950, 3444. 
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C,,H,,Br,S,As,Ir,C,H,-OH requires C, 25-7; H, 3-4; Br, 25-7; Ir, 20-7%). When heated 
to decomposition the compound gave a colourless condensate. 

Tri-iodobis(dimethyl-o-methylthiophenylarsine)iridium(111).—In a similar manner a solution of 
ammonium hexachloroiridate(111) (0-4 g.) and sodium iodide (2 g.) in water (10 ml.) yielded 
the crystalline todo-complex (0-4 g.) (Found: C, 21-1; H, 2-3; I, 37-3; Ir, 18-8%; M, cryoscop. 
ically in 0-27% nitrobenzene, 960. C,,H,.S,As,I,Ir requires C, 21-0; H, 2-5; I, 37-4; Ir, 18-84: 
M, 1030). 


Analyses for carbon and hydrogen were carried out by Dr. E. Challen of the microanalytical 
laboratory of this University. 
DEPARTMENT OF INORGANIC CHEMISTRY, 


UNIVERSITY OF NEW SOUTH WALES, 
BROADWAY, SYDNEY, AUSTRALIA. [Received, November 26th, 1959} 





640. 2-Trifluoromethylglycerol and Some Related Compounds.* 
By J. Burpon, V. C. R. McLoucuiin, and J. C. TaTLow. 


2-Trifluoromethylglycerol has been synthesised by two routes, both start- 
ing from 3-bromo-1,1,1-trifluoropropan-2-one (I). One proceeded via the 
cyanohydrin (II) of this ketone and thence 2-trifluoromethylglyceric acid (IX). 
The other involved reaction of the ketone with diazomethane to give 1-bromo- 
methyl-1-trifluoromethylethylene oxide (XIII), followed by hydrolysis. 
Neither the glycerol nor the glyceric acid had antibacterial activity. 


THE only recorded fluorine-containing derivatives of glycerol are monofluoro-monodeoxy- 
compounds? in which the fluorine atom has replaced a primary or secondary hydroxyl 
group. We have now synthesised 2-trifluoromethyl-glycerol (XI) and -glyceric acid (IX) 
by the methods outlined in the scheme below. .. 3-Bromo-1,1,1-trifluoropropan-2-one ? (I) 
was the starting material for both routes. 

In the first series of reactions the ketone (I) was converted into its cyanohydrin (II), 
by treatment with aqueous potassium cyanide followed by sulphuric acid. A small 
amount of a second product was also isolated; this is believed to be a-trifluoromethyl- 
glyceronitrile (III), though a completely pure sample was not obtained. On acidic 
hydrolysis this compound (III) gave a low yield of «-trifluoromethylglyceric acid (IX); 
this was isolated as its anilinium salt which was identical with a sample of the salt made 
from the acid prepared as outlined in the reaction scheme. The bromo-cyanohydrin (II) 
was not an intermediate in the formation of the hydroxy-cyanohydrin (III) since treat- 
ment of it with aqueous potassium cyanide did not give any of the hydroxy-compound (III). 
The hydrolysis of the bromine in the formation of the hydroxy-cyanohydrin (III) must 
therefore have taken place from the ketone (I). 

Mild acidic hydrolysis of the bromo-cyanohydrin (II) gave $-bromo-«-hydroxy-a-tri- 
fluoromethylpropionamide (V), and more drastic treatment led to the corresponding 
bromo-hydroxy-acid (VII). The carbon—bromine bond in these two compounds (V and 
VII) is very labile towards alkali. The bromo-amide (V) with aqueous potassium 
hydroxide gave «-trifluoromethylglyceramide (VI) in almost quantitative yield. The 
bromo-acid (VII) lost its bromine quantitatively in a few minutes even in 0-05n-alkali; 
and on being heated with silver oxide and water the same acid gave silver «-trifluoromethyl- 
glycerate (VIII). The bromo-acid (VII) also reacted with aqueous ammonia to give 
8-amino-a-hydroxy-«-trifluoromethylpropionic acid (XII). This amino-acid (XII) has 
been prepared by another route.® 

* Presented at the Fluorine Symposium, Birmingham University, July, 1959. 


1 Gryskiewicz-Trochimowski, Rec. Trav. chim., 1949, 66, 427; Taylor and Kent, J., 1956, 2150; 
Research, 1955, 8, S66. 
*? McBee and Burton, J. Amer. Chem. Soc., 1952, 74, 3022. 
* Bourne, Burdon, McLoughlin, and Tatlow, unpublished work. 
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Isolation of the glyceric acid (IX) from its salt (VIII) was facilitated by the high 
solubility of the free acid in ether; the glycerol (XI) has a similar high solubility. These 
solubilities are quite surprising since ordinary glyceric acid and glycerol are almost 
completely insoluble in ether. Esterification of the glyceric acid (IX) with ethanol and 
sulphuric acid was unsatisfactory and the ethyl ester (X) was best obtained by treatment 
of the silver salt (VIII) with ethyl iodide. Reduction of ethyl «-trifluoromethylglycerate 


CH,Br H,Br HOH 
crspon <> CFaP-OH — CFat-OH 
CN CO,H CO,H 
(II) (VII) (IX) 
CH,OH 
CF,*CO-CH,Br CFsC-OH 
I 
(I) Ne an. CO, Et 
(X) 
HaC\ CH,°OH CH,rOH 
O 
Cry’ me ChyCOH =m 3 CFyC-OH 
CH,Br CH,Br CH,"OH 
(XITI) (XIV) (XT 
H,X (III) X=Y=OH,Z=CN. (VIII) X = Y = OH, Z= CO, Ag. 
(IV) X = Br, Y = OAc, Z = CN. (XII) X = NH,, Y = OH, Z = CO,H 


CFyC¥ (V) X= Br, Y=OH,Z=CO-NHy (XV) X= Y=OH,Z=CHO, 
| (VI) X = Y = OH, Z= CO-NH,. 


(X) with lithium aluminium hydride gave 2-trifluoromethylglycerol as a hygroscopic solid 
having quite a high solubility in benzene, again in marked contrast to glycerol itself. 
With phenyl isocyanate and benzoyl chloride 2-trifluoromethylglycerol gave a diurethane 
and a dibenzoate only. The 2-hydroxy-group is probably the unreactive one since it is 
both tertiary and in an «-relation to a trifluoromethyl group; both factors are known ¢ to 
lead to low reactivity towards acylating agents. 

Reduction of the glyceric acid (IX) and the glyceramide (VI) with lithium aluminium 
hydride was complicated by the hydroxyl groups—many polyhydroxy-compounds form 
insoluble complexes with lithium aluminium hydride, preventing the reduction of other 
functional groups. This seemed to be the case with the glyceramide (VI) since no 
reduction at all took place. However, the glyceric acid (IX) was reduced but gave only 
about 2% of the glycerol (XI). Another, non-crystalline product was obtained in a total 
weight conversion of about 75%. This other product was neutral and did not sublime 
and hence could not have been either the glyceric acid or the glycerol. Since the product 
reduced Fehling’s solution and the infrared spectrum indicated a carbonyl group, it is 
thought to be mainly a polymeric form of 2-trifluoromethylglyceraldehyde (XV); it is 
well-known that glyceraldehyde itself forms a dimer. 

The second and simpler synthetic route to the glycerol (XI) started from the reaction of 
diazomethane with the ketone (I). Diazomethane can react 5 with ketones to give two 
products: . 

CORR’ + CH,N, —— R°CO-CH,R’ + rect 
2 
Usually, one product predominates, the proportions depending upon the nature of R and 
R’. If either is electron-attracting, epoxide formation is favoured. It is not, therefore, 
surprising that the epoxide (XIII) was the sole product when the ketone (I) was treated 


* Bourne, Stacey, Tatlow, and Worrall, J., 1958, 3268. 
5 Gutsche, ‘ Organic Reactions,” Vol. VIII, p. 364, John Wiley and Sons, Inc., New York, 1954. 
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with diazomethane, since both the trifluoromethyl and the bromomethyl group are power- 
fully electron-attracting. The epoxide (XIII) is, however, labile to heat: an attempt to 
fractionate it led to the formation of large amounts of high-boiling tar and even simple 
distillation caused slight decomposition. Hydrolysis of the epoxide with acid gave a good 
yield of the bromohydrin (XIV), which was hydrolysed by aqueous silver oxide to 2-tri- 
fluoromethylglycerol (XI) in excellent yield. 

This success led us to attempt a similar synthesis of 2-trifluoromethylglyceraldehyde 
(XV): 


CHBr, CHBr, CHO 
CFy*CO-CHBr, ——> Cre, —> at fins —» CFyC-OH 
re) 
HyC” CH,°OH CH,.OH 
(XV) 


The dibromo-ketone ? readily condensed with diazomethane, and acid hydrolysed the 
resulting epoxide to 3,3-dibromo-2-trifluoromethylpropane-1,2-diol in good yield. This 
compound lost bromine on being treated with dilute alkali and the product reduced 
Fehling’s solution and had an infrared spectrum similar to, but not identical with, that of 
the compound obtained by reduction of the glyceric acid (IX). We have not, however, 
been able to purify this supposed aldehyde. Also, attempts to oxidise or reduce it have 
not led to recognisable products. 

The glycerol (XI) and the glyceric acid (IX) have been tested for antibacterial activity 
against two Gram-positive and two Gram-negative organisms. Neither compound showed 
significant activity. 


EXPERIMENTAL 


B-Bromo-a-hydroxy-a-trifluoromethyl propionitrile (I1).—A solution of potassium cyanide (43-5 
g.) in water (200 ml.), cooled to 0°, was added during 90 min. to a stirred solution of the bromo- 
ketone ? (I) (128 g.) in water (30 ml.) at —15°. The mixture was stirred for a further 4 hr. at 
—15° before 20%, sulphuric acid (120 ml.) was added slowly. The lower organic layer was 
separated and the aqueous layer extracted continuously with ether for 14 hr. The ethereal 
extracts and the organic layer were combined, dried (MgSO,), filtered, and distilled to give: 
(i) a mixture of bromo-ketone (I) and water (37 g.), b. p. 80—100°; (ii) 6-bromo-a-hydroxy-a- 
trifluoromethylpropionitrile (II) (72 g.), b. p. 82—83°/20 mm. (Found: C, 22-0; H, 1-4. 
C,H,BrF,NO requires C, 22-0; H, 14%); and (iii) a liquid (6-3 g.), b. p. 111—119°/20 mm., 
which solidified and recrystallised, with difficulty, from benzene to give «-trifluoromethylglycero- 
nitrile (III), m. p. 158° (Found: C, 30-4; H, 2-6; F, 36-5. C,H,F,NO, requires C, 31-0; H, 
2-6; F, 36-8%). 

In a reaction at higher temperatures some decomposition occurred, the yield of the by- 
product increased, and the yield of the bromo-cyanohydrin (II) was very poor. 

When the bromo-cyanohydrin (II) was treated with acetic anhydride and a catalytic amount 
of 98%, sulphuric acid, the acetate (IV) was obtained, having b. p. 83—84°/14 mm. (Found: C, 
28-1; H, 2-2. C,H,;BrF,NO, requires C, 27-7; H, 1-9%). 

Acidic Hydrolysis of the Cyanohydrins.—(a) The bromo-cyanohydrin (II) (3-6 g.) was heated 
at 110° for 1 hr. with 98% sulphuric acid (3-6 ml.), cooled, and poured into iced water (25 g.). 
The aqueous solution was continuously extracted with ether for 14 hr. and the extracts were 
dried (MgSO,), filtered, and evaporated to leave 8-bromo-a-hydroxy-a-trifluoromethylpropionamide 
(V) (3-25 g.), m. p. 63—63-5° (from benzene) (Found: C, 20-2; H, 2:2. C,H,BrF,NO, requires 
C, 20-4; H, 2-1%). 

(6) The bromo-cyanohydrin (II) (27-8 g.) was added with stirring in 30 min. to 98% sulphuric 
acid (25 ml.). After being heated to 110° for 45 min. the mixture was cooled and poured into 
iced water (60 g.). The aqueous solution was refluxed for 6 hr. before being continuously 
extracted with ether for 14 hr. The extracts were dried (MgSO,), filtered, and evaporated to 
a syrup which crystallised in a vacuum-desiccator over phosphorus pentoxide. Sublimation 
at 50—70°/0-05 mm. gave hygroscopic 8-bromo-a-hydroxy-a-trifluoromethylpropionic acid (VII) 
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(16-0 g.), m. p. 85° (sealed tube) (Found: C, 20-3; H, 1:8%; equiv., 235. C,H, BrF,0, requires 
CG, 20-3; H, 1-7%; equiv., 237). 

Addition of excess of 0-066N-sodium hydroxide after the equivalent-weight determination 
liberated bromide ion. Determination as silver bromide showed that this hydrolysis was 
complete in a few minutes. 

Treatment of the bromo-acid (VII) (5-3 g.) with dry ethanol (6 ml.) and 98% sulphuric acid 
(0-2 ml.) for 18 hr. under reflux gave ethyl B-bromo-a-hydroxy-a-trifluoromethylpropionate (3-7 g.), 
b. p. 195—200° (Found: C, 26-9; H, 3-0. C,H,BrF,O, requires C, 27-2; H, 30%), and un- 
changed bromo-acid (0-55 g.), m. p. 80—84°. 

(c) The hydroxy-cyanohydrin (III) (2-3 g.) was treated with 98% sulphuric acid (2-2 ml.) 
and then with water (8 ml.) as in (b). The product, isolated as a syrup as in (b), was treated 
with aniline in dry ether to give anilinium «-trifluoromethylglycerate (0-68 g.), m. p. 131-5— 
132-5° (from acetone-chloroform) alone and on admixture with a specimen obtained from 
authentic «-trifluoromethylglyceric acid. 

Action of Alkali on the Bromo-amide (V).—The bromo-amide (V) (2-25 g.) was shaken with 
cold 10% aqueous potassium hydroxide (10 ml.) for 5 min. The resulting solution was 
acidified with dilute sulphuric acid. Continuous ether-extraction gave an oil which was dis- 
solved in chloroform. Addition of ethanol precipitated «-trifluoromethylglyceramide (V1) 
(1-55 g.), m. p. 140—141° (Found: C, 27-5; H, 3-2. C,H,F,NO, requires C, 27-8; H, 3-5%). 

Action of Ammonia on the Bromo-acid (VII).—A solution of the bromo-acid (VII) (4-5 g.) in 
aqueous ammonia (d 0-88; 40 ml.) was kept at 20° for 16 hr. before being evaporated to small 
bulk. Ethanol (15 ml.) was then added and the precipitate recrystallised from aqueous ethanol, 
to give B-amino-a-hydroxy-a-trifiluoromethylpropionic acid (XII), m. p. 310—311° (decomp.) 
(Found: C, 27-9; H, 3:3. C,H,F,;NO, requires C, 27-8; H, 3-5%), shown by infrared 
spectroscopy to be identical with the compound prepared by another route. 

Action of Silver Oxide on the Bromo-acid (VII).—(a) This bromo-acid (0-6 g.) was heated at 
100° for 3 hr. with silver oxide (1-2 g.) in water (30 ml.). The solid remaining was filtered off 
and washed with dilute nitric acid to leave silver bromide (0-45 g.). The filtrate was evaporated 
in vacuo below 0° to leave silver «-trifluoromethylglycerate (0-46 g.) (Found: Ag, 37:8. 
C,H,AgF,O, requires Ag, 38-4%). 

(b) The pure bromo-acid (VII) (15-9 g.) was treated with silver oxide (22 g.) in water (250 ml.) 
as in (a). Acidification of the filtrate with 10% sulphuric acid (25 ml.) and isolation by 
continuous ether-extraction gave the hygroscopic 2-trifluoromethylglyceric acid (IX) (8-6 g.), 
m. p. 95—97° (from benzene) (Found: C, 27-7; H, 3-1. C,H,F,O, requires C, 27-6; H, 2-9%). 
Impure specimens of the bromo-acid give syrupy products. 

On being treated with aniline in dry ether the acid (IX) gave an anilinium salt, m. p. 131-5— 
132-5° (from acetone—chloroform) (Found: C, 44-4; H, 4:5. C,9H,.F,;NO, requires C, 44-9; 
H, 45%). 

Ethyl «-Tvrifluoromethylglycerate (X).—The powdered silver salt (VIII) (6-5 g.) was added 
slowly to ethyl iodide (22 g.). Reaction was immediate and was completed by refluxing for 
lhr. The precipitated silver iodide was filtered off and the filtrate distilled. After removal of 
solvent there was obtained the ethyl ester (X) (2-3 g.), b. p. 89—92°/15 mm. (Found: C, 35-3; 
H, 4-6. C,H,F,O, requires C, 35-6; H, 45%). Only a 10% yield of this ester was obtained 
when «-trifluoromethylglyceric acid was treated with ethanol and concentrated sulphuric acid. 

Reduction of Ethyl a-Trifluoromethylglycerate (X).—The ester (1-9 g.) in dry ether (20 ml.) 
was added to a stirred suspension of lithium aluminium hydride (1-1 g., 3 mol.) in dry ether 
(30 ml.)._ The mixture was refluxed for 3 hr., then cooled. Water (2 ml.) was added, followed 
by 20% sulphuric acid (20 ml.). The aqueous layer was extracted continuously with ether, the 
extracts were dried (MgSO,), and evaporated to leave an oil which solidified in a vacuum- 
desiccator over phosphorus pentoxide. The solid recrystallised from dry benzene and then 
sublimed at 50°/0-05 mm., to give the hygroscopic 2-trifluoromethylglycerol (XI) (1-3 g.), m. p. 
50—51° (sealed tube) (Found: C, 29-9; H, 4-1. C,H,F,O, requires C, 30-0; H, 4.4% 

Benzoyl chloride and aqueous alkali converted the glycerol into its dibenzoate, m. p. 64—69° 
(purified by distillation at 125°/0-1 mm.) (Found: C, 58-8; H, 4-0. C,,H,,F,0, requires 
C, 58-7; H, 41%). 

The glycerol also formed a diurethane when refluxed with phenyl isocyanate for 30 min. in 
light petroleum (b. p. 80—100°) containing a trace of pyridine. It had m. p. 124—124-5° 
(from benzene) (Found: C, 54:8; H, 4:3. C,,H,,F,N,O, requires C, 54-3; H, 4-3%). 
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Reduction of a-Trifluoromethylglyceric Acid (IX).—The acid (6-2 g.) in dry ether (200 ml) 
was slowly added to a stirred suspension of lithium aluminium hydride (3-5 g., 2-6 mol.) in dry 
ether (150 ml.). The mixture was refluxed for 3 hr. with stirring before being hydrolysed and 
acidified. Ether-extraction gave a pale syrup (4-7 g.) from which some 2-trifluoromethyl- 
glycerol (0-1 g.), m. p. 50—51°, was sublimed at 70°/0-05 mm. The remaining material was 
not volatile under these conditions. It was a neutral syrup which reduced Fehling’s solution 
and had a strong absorption at 1630—1710 cm.-1, indicative of either a carbonyl or a hydrated 
carbonyl group. The other infrared bands were broad, suggestive of a mixture or a polymer, 
The spectra of the materials obtained from different experiments were not identical, although 
they were very similar. 

3-Bromo-2-trifluoromethylpropylene Oxide (XIII).—A dried solution of diazomethane (ca, 
5-5 g.) in ether (300 ml.) was added during 30 min. with stirring to the ice-cooled bromo-ketone 
(I) (15-4 g.) under a low-temperature reflux condenser. After the solution had been kept for 
16 hr. at 15°, it was refluxed for 1 hr. to remove excess of diazomethane and then distilled, to 
give the epoxide (6-4 g.), b. p. 115—118° (slight decomp.) (Found: C, 23-7; H, 2-0. C,H,BrF,0 
requires C, 23-4; H, 2:0%). Considerable decomposition occurred in an attempt to distil this 
compound, and much tar was produced. 

3,3-Dibromo-2-trifluoromethylpropylene Oxide.—By the procedure used in the previous 
experiment, diazomethane (ca. 5-5 g.) in ether (300 ml.) reacted with the dibromo-ketone 
(31-5 g.), to give the corresponding epoxide (24 g.), b. p. 155—163° (Found: C, 17-1; H, 1-0, 
C,H,Br,F,O requires C, 16-9; H, 11%). 

Acidic Hydrolysis of the Epoxides.—(a) The monobromo-epoxide (XIII) (4-9 g.) and 2n- 
sulphuric acid (15 ml.) were heated together at 100° for 12 hr. The homogeneons aqueous 
solution obtained was continuously extracted with ether for 16 hr., and the extracts weve uried 
(MgSO,) and distilled, to give 3-bromo-2-trifluoromethylpropane-1,2-diol (XIV) (4-0 g.), b. p. 92— 
95°/14 mm., n,,” 1-4378 (Found: C, 21-5; H, 2-8. C,H,BrF,O, requires C, 21-5; H, 2-7%). 

(b) The dibromo-epoxide (17-75 g.) was treated with 2n-sulphuric acid (50 ml.) asin (a) for 
6 hr., to give 3,3-dibromo-2-trifluoromethylpropane-1,2-diol (14-5 g.), b. p. 117—120°/14 mm. 
(Found: C, 15-6; H, 1-6. C,H,Br,F,O, requires C, 14:9; H, 1-7%). 

Alkaline Hydrolysis of the Bromo- and Dibromo-diols.—(a) The bromo-diol (XIV) (1-7 g.) was 
treated with a suspension of silver oxide (ca. 2-0 g.) in water (15 ml.) at 100° for 12 hr. The 
silver salts were removed and the filtrate was acidified and continuously extracted with ether 
for 16 hr. The extracts were dried (MgSO,) and evaporated to leave a syrup which crystallised 
in a vacuum-desiccator over phosphorus pentoxide. The solid was sublimed at 50°/0-05 mm., 
to give 2-trifluoromethylglycerol (1-1 g.), m. p. 50—51°, shown by infrared spectroscopy to be 
identical with the material obtained by reduction of ethyl «-trifluoromethylglycerate. 

(6b) The dibromo-diol (5-12 g.) was treated with N-sodium hydroxide (50 ml.) for 5 min. at 
room temperature. Isolation as in (a) left a syrup (2-34 g.) which decomposed on attempted 
distillation. This syrup had the properties recorded on p. 3186. With sodium borohydride it 
did not give 2-trifluoromethylglycerol, and treatment with bromine water gave no a-trifluoro- 
methylglyceric acid. 

Bacteriological Tests.—The glyceric acid (IX) and the glycerol (XI) did not affect the growth, 
on a nutrient broth, of Staphylococcus aureus, Streptococcus pyogenes, Klebsiella aerogenes, ot 
Escherichia coli to a significant extent. The minimum inhibitory concentrations of these 
substances were in excess of 500 wg./ml., observed for 24 hr. at 37°. 


The authors thank Professor M. Stacey, F.R.S., for his interest, the University of 
Birmingham for the award of a Research Scholarship (to V. C. R. M.), and Dr. A. S. Jones and 
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641. The Hydrolysis of Copper(u) Ion. 
By D. D. PErrin. 


Copper(t1) ion is hydrolysed to form polynuclear complexes of the type, 
Cu,(OH).,_.**. The acid dissociation constant, *$,., corresponding to the 
formation of Cu,(OH),**, has been obtained as a function of temperature 
and of ionic strength, and *8,, has been calculated for 20°. The assumption 
that, for all complexes bigger than Cu,(OH),**, the formation constant, k, 
is the same for the successive addition of each Cu(OH), “ link ”’ provides 
a quantitative and consistent interpretation of the pH values obtained when 
dilute solutions of copper(i1) ion are titrated with alkali. Mononuclear 
complexes such as CuOH* are not present in appreciable amounts in these 
solutions. 


A NUMBER of investigators have attempted, by measuring the pH of solutions of pure 
copper(II) salts, to study the hydrolytic equilibria of copper(I) ion. (Results are tabulated 
in ref. 1. Except that concentrations in this paper are calculated from hydrogen-ion 
activities instead of concentrations, symbols are as given in this reference.) In most cases 
it has been assumed that the principal reactions are: 


Cuagtt === CuOH+ + Ht === Cu(OH), + 2H* 


but this has led to values of the acid dissociation constant, *K,, which range, at room 
temperature, from 10> to 10-*®. On the other hand, more extensive studies have shown 
conclusively that polynuclear complex formation is important.2* In particular, the 
assumption that only the species, Cu,(OH),**, is formed, with log *8,, = —10-95 + 0-10, 
reproduces quantitatively most of Pedersen’s data * at 18° for the partial hydrolysis of 
copper(II) nitrate solutions ranging from 0-005m to 0-999m.3 The deviations at lower 
concentrations (0-001m and 0-002Mm) were explained by assuming the formation of CuOH*, 
with log *K, = —8. Similarly, for 0-010—0-10m-copper perchlorate in 3m-sodium 
perchlorate, at 18°, Berecki-Biedermann * found log *6,. = —10-6 + 0-1. 

In the present work a potentiometric method has been used to study the partial 
hydrolysis of dilute solutions of copper(II) perchlorate over a temperature range and also, 
at 20°, under conditions where hydrolysis was much more extensive. 


EXPERIMENTAL 


A stock copper perchlorate solution (0-0483mM; pH 4-0) was prepared by passing barium 
perchlorate solution into a well-washed column of the cupric salt of a cation-exchange resin 
(Amberlite IR-120). The copper concentration of the eluate, which was very weakly acid and 
gave no test for barium ion, was determined by cation exchange (IR-120, H*), the liberated 
acid being titrated with standard alkali. The reaction vessel for the hydrolysis experiments 
consisted of a 200 ml., tall form, lipless, Pyrex beaker closed by a loosely-fitting Perspex stopper 
through which passed the electrodes, a thermometer, a bubbler, and fine-bore Polythene tubing 
connected to a micrometer syringe. The rim of the stopper was coated on the underside with 
a layer of polyurethane ‘‘ foam.”” Standard 0-100m-potassium hydroxide, carbonate-free, was 
added by micrometer syritige. Solutions were stirred by passing scrubbed nitrogen at a 
constant flow rate as indicated by a manostat. All pH measurements were made by using a 
Vibron Electrometer Model 33B (Electronic Instruments Ltd.) which was fitted with an 
internally shielded glass electrode and a saturated calomel electrode and which could be read 
directly to 0-001 pH unit. The output of the pH meter was also applied directly to a Recti- 
riter recording milliammeter (Texas Instruments Inc.) to facilitate assessment of pH constancy 


1 Bjerrum, Schwarzenbach, and Sillén, ‘‘ Stability Constants. Part II. Inorganic Ligands,’ The 
Chemical Society, London, Spec. Publ. No. 7, 1958. 
* Pedersen, Kgl. Danske Videnskab. Selsk., 1943, 20, 7. 
* Berecki-Biedermann, Arkiv Kemi, 1956, 9, 175. 
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and of attainment of equilibria. The pH of freshly-prepared 0-05m-potassium hydrogen 
phthalate was taken as pH; = 4-000 + 4[{(¢ — 15)/100]*, where ¢ is in °c; and, as secondary 
standard, 0-05m-sodium borate pH, = 9-270 — 0-0085(¢ — 15). Temperatures were main- 
tained constant to +0-05°. 

The experimental procedure was as follows: 100 ml. of a copper perchlorate solution of 
known concentration, ranging from 0-000242m to 0-00483m and containing a known (low) 
concentration of perchloric acid and various amounts of potassium nitrate to alter the ionic 
strength, were titrated against potassium hydroxide solution, adequate time being allowed 
after each addition to ensure that equilibrium was attained. Hydrolysis constants were 
calculated from the initial concentration of cupric ion, the concentration of potassium hydroxide 
added, and the hydrogen-ion activity as measured by the glass electrode. At the start of each 
experiment it was necessary to determine accurately the concentration of free acid present in 
the solution. This was given directly by the initial hydrogen-ion concentration which was 
high enough to ensure that at this point hydrolysis of cupric ion was negligible. At very low 
ionic strengths, [H*] was calculated directly from aq+ as given by pH, by assuming —log 
f=. At higher ionic strengths this estimate was used in plotting [H*] + [KOH] against 
[KOH], and the accurate value was taken as the intercept of the two linear portions of the plot. 

The assumption that hydrolysis proceeded through the formation only of mononuclear 
copper—hydroxyl complexes failed to give consistent hydrolysis constants. However, good 
agreement was found at low values of Z (the average number of hydroxyl groups bound per 
copper atom) = ([H*] + [KOH] — [HCI1O,))/[Cu**]};) by assuming the only complex present 
to be Cu,(OH),**, so that *6,, was given by 


a [Cu,(OH),**](@n+)*  —— ([H!*] + [KOH] — HCI0,))(@q+)? (1) 
slain [Cu**} ~ 2((Cu**}p + [HCIO,) — [H*] — [KOH])* ~~ 





Date from a typical experiment are presented in Table 1. 


TABLE 1. Evaluation of *By. from potentiometric titration. 


[Cu(ClO,),] = 0-000966m. [HCIO,] = 0-000033m. Temp. 15°. Titrated with 0-100m-KOH. 
({Cu,(OH),**] assumed = }([H*] + [KOH] — [HCIO,)). 


[KOH] [H+] + [KOH] — [HCI1O,) [Cut+] 

(um) pH (um) (uM) Z —log *Bos 

0 4-515 

20 4-890 

40 5-696 

60 6-010 28-0 938 0-03 (10-82) 

80 6-163 47-7 918 0-05 (10-87) 
100 6-276 67-5 898 0-07 10-93 
120 6-348 87-4 879 0-09 10-93 
140 6-402 107 859 0-11 10-93 
160 6-447 127 839 0-13 10-93 
180 6-508 147 819 0-15 10-97 
200 6-543 167 799 0-17 10-96 
220 6-571 187 779 0-19 10-95 
240 6-599 207 759 0-22 10-94 
260 6-626 297 739 0-24 10-93 


Average 10-94 


It has been suggested ** that at low concentrations of copper appreciable amounts of both 
CuOH* and Cu,(OH),** are formed. The plot of ({H*] + [KOH] — [HCIO,))(ag+)/[Cu**] 
against [Cu**]/(aqg+), where (Cut*] = [Cutt], — ({[H*] + [KOH] — [HCI1O,)), should then 
(see Appendix) give a straight line of slope 2*8,, and an intercept equal to *K,. The estimate 
of *K, obtained in this way is very sensitive to experimental error because, at the low values of 
[Cut*}» and Z that must be used, the system is very poorly buffered. Pedersen’s measure- 
ments in the range, [Cut*]}, = 0-001 — 0-005, lead to *K, = 1 x 10° but this estimate may 
be in error, because the initial solutions were not sufficiently acid to ensure that hydrolysis of 
Cu** was negligible or to enable, either directly or by extrapolation, corrections to be applied 
for any adventitious traces of acidic or basic materials. The importance of the latter is readily 
seen from the fact that, for [Cu**}, = 0-001m, an error of 4 um in the hydrogen-ion concen- 
trations used by Pedersen would alter the value obtained for *K, from 1 x 10% to 0. Results 
obtained in the present work, with [Cu*+}, = 0-000242m and 0-000966m are presented in 
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TABLE 2. Effect of ionic strength on *By. at 20°. 


Cu(ClO,), solutions, containing low concentrations of HClO, and varied concentrations of KNO,, 


titrated with 0-100M-KOH. 


—log *By, + Range 
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They suggest that *K, is much less than 10 but the measurements are not sufficiently 
It is also concluded that for copper concentrations 
down to at least 0-00025m, CuOH* is not a major product of the hydrolysis of cupric ion. 








pH Range (Cut*], (Mm) I Z (no. of obsns.) 
6-226—6-506 0-000242 0-0007 0-041—0-124 10-53 + 0-05 (3) 
5:840—6-196 0-000966 0-0031 0-023—0-081 10-63 + 0-05 (5) 
5-420—5-742 0-00483 0-0147 0-012—0-046 10-75 + 0-03 (9) 
6-064— 6-486 0-000966 0-0330 0-042—0-187 10-80 + 0-05 (8) 
5-348—5-745 0-00483 0-0346 0-007—0-037 10-86 + 0-04 (8) 
5-418—5-796 0-00483 0-0946 0-007—0-037 10-94 + 0-04 (8) 
5-417—5-803 0-00483 0-1746 0-008—0-037 10-97 + 0-04 (8) 
6-218—6-521 0-000966 0-2029 0-041—0-145 11-04 + 0-02 (6) 
5-469—5-798 0-00483 0-3146 0-009—0-037 10-96 + 0-02 (8) 
5-376—5-797 0-00483 0-615 0-006—0-044 10-90 + 0-02 (10) 
5-490—5-741 0-00483 1-015 0-016—0-041 10-79 + 0-04 (7) 
5-188—5-764 0-00483 1-515 0-:003—0-053 10-75 + 0-02 (13) 


Effect of Ionic Strength and Temperature on *B,..—The values of *8,, listed in Table 2 were 
calculated by using eqn. (1). They are in substantial agreement with the values obtained by 
Pedersen? and Berecki-Biedermann* and indicate that moderate-to-high ionic strengths 
produce little change in log *8,, (the variation is less than 0-3 logarithm unit as J varies from 
0-015 to 1-51). The estimates of log *8,, obtained from the results for [Cu**], = 0-00097m 
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Fic. 1. Attempted evaluation of *K, as intercept. 
(1) [Cu(ClO,),] = 0-000966m; J = 0-00294; Z = 0-050 — 0-216; 25°. 
(2) (Cu(ClO,)3] = 0-000242m; J = 0-0007; Z = 0-040 — 0-245; 20°. 
(3) [Cu(ClO,),] = 0-000966m; I = 0-00294; Z = 0-049 — 0-236; 15°. 
(4) [Cu(ClO,),] = 0-000966m; J = 0-203; Z = 0-040 — 0-207; 20°. 


Fic. 2. Dependence of —log *By, at low ionic strengths, on temperature. 


In all cases [Cu(C1O,),] = 0-000966m for the lowest point and = 0-00483m for the other two. 
Circles represent uncertainty of + 0-05 in —log *Byo. 


at [~ 0-03 and J ~ 0-2 agree, within experimental error, with the corresponding estimates 
from the results where [Cu**}; = 0-00483m, and support the conclusion that the formation of 
mononuclear complexes is not important at these concentrations. 
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At low ionic strengths, the Debye—Huckel theory predicts that —log *,, increases directly 
with J+ and, if Cu,(OH),** can be considered as a simple bivalent ion, the slope of the line 
should be close to 2. By assuming that the observed slope (which is about 1-6) remains constant 
over the temperature range studied, 15—42°, it has been possible to make short extrapolations 
from the data in Fig. 2 to obtain the values of —log *f,, at zero ionic strength for this tem- 
perature range. The equation 


lle, ee 


where T is in °K, reproduces these values to within 0-03 logarithm unit. 

More Extensive Hydrolysis of Cut*+.—Eqgn. (1) is true only at low values of Z. At higher 
values of Z, log *f,, increases continuously (becomes less negative), indicating that more 
extensive polynuclear complex formation is occurring. From the preference of cupric ion fora 
co-ordination number of 4, and the (approximate) 1: 2 ratio of Cu: OH in copper hydroxide, 
it seems reasonable to postulate that Cu,(OH),** and subsequent complexes are built up by 
the co-ordination of neighbouring copper atoms through pairs of hydroxyl groups. Such a 
series of linear, hydroxylated complexes can, on a “ core-and-links ’’ hypothesis,‘ result from 
the stepwise addition of “ links ’ of Cu(OH), to the “ core,” Cu**, to give complexes of the 
general formula, Cu,(OH),,_,**, where ” is any positive integer. 

At suitable values of Z, the main copper species present in solution would be Cu‘**, 
Cu,(OH),**, and Cu,(OH),** (corresponding to the cases where » = 1, 2, 3, respectively), 
Under these conditions, and because *8,, is already known, it is possible to evaluate *8,, = 
[Cu,(OH),**](ag+)*/[Cu**]® from the experimental results (see Appendix). However, neglect 
of higher complex formation and restriction to low cencentrations of Cu,(OH),** limit the 
accuracy of such estimates. Better estimates of *8,, are obtained if correction is made for the 
amounts of higher complexes also present, by using the theoretical relation given in the Appendix, 
Within the rather large experimental uncertainty, consistent values of *8;, have been obtained 
from the data given in Table 3. As with *8,.., *8,, becomes greater with decreasing ionic 
strength when J is small. The greater dependence on /* is also to be expected. A short 
extrapolation gives —log *8,, ~ 21-1 at J = 0. P 


TABLE 3. Evaluation of *Bg4 at 20°. 


(1) [Cu(ClO,),] = 0-0002415m. I = 0-0007. —log *B,. = 10-53. 
(2) [Cu(ClO,),] = 0-000966m. J = 0-0330. — log *f,. = 10-80. 
(3) [Cu(ClO,),] = 0-000966m. J = 0-2029. —log *B,. = 11-04. 


[H+] + [KOH] — [HCIO,) (Cu**] 2[Cu,(OH),**] 3[Cu,(OH),**] __ ar 
(uM) pH 


Z (uM) (uM) ( (approx.) —_(corr.) 

(1) 39-3 6-580 0-163 203-2 35-2 ° 21-22 21-27 
49-2 6-635 0-204 194-3 41-5 , 21-13 21-19 

59-2 6-694 0-245 184-9 49-3 . 21-19 21-26 

69-2 6-730 0-287 176-3 52-9 , 21-04 21-13 

79-2 6-774 0-328 167-8 58-5 , 21-06 21-17 

99-2 6-818 0-410 152-3 59-2 , 20-82 20-97 

21-08 21-17 


273-3 6-584 0-283 703-1 230-8 p 21-85 21-91 
292-3 6-603 0-304 685-8 239-5 P 21-79 21-86 
313-2 6-620 0-324 669-4 246:8 . 21-74 21-83 
333-2 6-636 0-345 653-0 252-8 ‘ 21-69 21-79 
353-2 6-651 0-365 636-5 257-4 , 21-63 21-75 
373-2 6-665 0-386 620-5 261-0 , 21-59 21-72 

21-72 21-81 


220-2 6-633 0-228 753-0 190-8 . 22-29 22-33 
240-2 6-652 0-248 735-5 198-7 ° 22-18 22-24 
260-2 6-670 0-269 719-1 206-4 , 22-12 22-20 
280-2 6-686 0-290 702-5 211-9 ° 22-05 22-15 
300-2 6-698 0-311 686-8 214-1 , 21-97 22-09 
320-2 6-710 0-331 671-6 216-4 : 21-91 22-05 

Average 22-09 22-18 





* Sillén, Acta Chem. Scand., 1954, 8, 299. 
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At still higher values of Z, a large number of complexes, each with a different formation 
constant, would be expected to be present simultaneously. If the system is to be mathematically 
tractable, some simplifying assumption must be made. In the present instance it has been 
assumed that the formation constant, k, for the addition of a further Cu(OH), link to any 
complex is the same for all complexes. This approximation might be expected to be better 
for the larger complexes. The relevant equations are (see Appendix): 


[Cut*}> 
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[H*] + [KOH] —[HCIO) _2*By w 
(n+)? Sa” BtaPioten? stoi a5" 





where x = k[(Cut*]/(aq+)?. Elimination of x between eqns. (3) and (4) enables k to be obtained 
from suitable experimental data. In this way, the arbitrarily selected results for Z = 0-741 
in Table 4 give k = 10%°°. Knowing &, it is then possible to calculate x and hence [Cut*] for 
all points in a titration by using either eqn. (3) or eqn. (4). At low values of Z (0-082—0-410) 
the estimates of [Cu**] in cols. 4 and 5 of Table 4 are not in good agreement. This is because 


TABLE 4. Test of equations (3) and (4). 


[Cu(ClO,),] = 0-0002415m. Titrated with 0-lmM-KOH. Initial J = 0-0007, final J = 0-0005 
—log *B.. = 10-53. —logk, at Z = 0-741, is 10-20. 

[KOH] [Cu**] * [Cut t¢ [KOH] [(Cu*}* [Cut] t¢ 
Zz pH (um) (uM) (um) Zz pH (uM) (um) 

0 6-009 0-990 6-994 88-0 

0-041 6-226 231-8 229-9 260 1-073 7-020 81-3 

0-082 6-406 220-3 206-2 1-155 7-048 74:3 

0-122 6-506 208-4 192-3 1-237 7-074 68-3 

0-163 6-580 196-8 179-5 1-320 7°105 61-5 

0-204 6-635 186-0 169-4 1-403 7-136 55-2 

0-245 6-694 172-5 154-4 1-486 7-173 48-4 

0-287 6-730 163-3 147-5 1-569 7-216 41-2 

0-328 6-774 151-2 135-9 1-652 7-264 34-4 

0-410 6-818 138-6 128-2 1-735 7-326 27-0 

0-494 6-849 129-5 123-1 1-818 7-408 19-4 

0-576 6-875 121-7 118-7 1-901 7-500 13-3 
0-658 6-904 113-2 111-9 1-984 7-683 6-08 
0-741 6-928 (106-4) (106-4) 2-066 8-084 1-03 

0-824 6-950 100-0 101-4 
0-908 6-972 93-9 96-0 


* Calc. from eqn. (3). ft Calc. from eqn. (4). { A faint precipitate was observed at this point. 


~eSSSRSSI8S3 


Syrrtseeaces 


log *8,, (= —21-17 from Table 3) is appreciably less than the assumed value of log *8,. + log 
k = —20-73. However, over the range, Z = 0-494—2-066, the experimental data given in 
Table 4 yield values of [Cu**] which agree, in pairs, within 5%. As the two equations provide 
independent estimates of [Cut*] the agreement supports the postulated ‘‘ core-and-links ”’ 
mechanism. The low solubility of copper hydroxide prevents the testing of these equations 
at significantly higher copper concentrations. 


DISCUSSION 


Pedersen’s data on thé hydrolysis of dilute (0-001—0-010m) copper nitrate solutions ? 
have been re-examined on the assumption that the only complex present was Cu,(OH),**. 
Values of *8.. obtained in this way are listed in Table 5. They agree well with results 
obtained in the present study and support the conclusion that, at these concentrations 
and Z values, the species CuQH* is not present in appreciable amounts. The constant, 
*K,, must be much smaller than previously published estimates have suggested. The 
stability of Cu,(OH),** relative to CuOH* may be due to the chelate effect ® arising from 
ting formation. The suggestion that Cu,(OH),**+ is as shown in (I) is consistent with 


5 Schwarzenbach, Helv. Chim. Acta, 1952, 35, 2344. 
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TABLE 5. Recalculation of Pedersen’s data for dilute solutions, on the assumption 


10°[Cu(NO,),] 
(a1) 


100-7 
200-5 
500-7 
100-1 
198-0 
498-5 
991 


10°[Ba(NOs)q] 
(m) 


0 
0 
0 
891 
793 
493 
0 


that only Cu,(OH),** is formed. 


0-055 
0-078 
0-122 
0-172 
0-172 
0-172 
0-172 


Z 
0-024—0-232 
0-028—0-234 
0-015—0-187 
0-030—0-234 
0-016—0-177 
0-009—0-032 
0-002—0-023 


—log *B.. + Range 





(b) 
10-67 + 0-03 
10-75 + 0-02 
10-84 + 0-03 
10-84 + 0-04 
10-86 + 0-02 
10-86 + 0-02 
10-85 + 0-03 


- 
(c) 

10-76 
10-80 
10-87 
10-94 
10-94 
10-94 
10-94 


(a) [H*] being instead of ag+. (b) From Pedersen’s estimated pH values. (c) From eqn. (2) and 
Fig. 2 of present paper which give, at 18°, —log *B.. = 10-674 + 1-58/#. 


Werner’s interpretation of the structures of basic copper salts.® 
would have the structure (II). 


HOV, + rat OH, HON 3 - F dosan™ JON. OH, 
H or \on” “Non, H or \or~ No “Nou. 
(I) dD 


Similarly, Cu,(OH),**+ 


The structures of higher complexes would depend on whether, in this series, copper is 
always 4-co-ordinate or whether it may also be 6-co-ordinate. Thus Werner considered 
CuCl,,3Cu(OH)s, t.e., Cuy(OH),Cl,, to consist of a copper ion at the centre of an octahedron, 
co-ordinated, through the corresponding pairs of OH groups, to three Cu(OH), molecules 
which lie along three edges of the octahedron. On the other hand, X-ray and other 
evidence shows that in copper complexes there are usually four groups in a plane close to 
the copper ion with two groups perpendicular to this plane and lying further away.’ This 
is a consequence of the Jahn-Teller effect * which operates because Cu** has only nine 
3d-electrons and which greatly reduces the ability of Cu** to form stable 6-co-ordinate 
complexes. This would suggest that the hydroxyl complexes are more likely to consist 
of two-dimensional chains rather than three-dimensional aggregates. All copper ions 
except the terminal ones would be co-ordinated to four hydroxyl groups and, more weakly, 
to two water molecules perpendicular to the plane of the hydroxyl groups. In either case 
the complexes formed would belong to a series, Cu,(OH)2,_2**. 


TABLE 6. Thermodynamic date for copper-hydroxyl complexes in solution. 
2Cu,q*t === Cu,(OH),** + 2H,,*. 
RENTS ES 14-2 (15°), 14-1 (25°), 14-0 (36°), 13-9 (42°) 
AH? (kcal.) 17-5 
AS°® (cal./degree) 11-4 
Cugq** + Cu,(OH),**+ === Cu,(OH),** + 2H,q* 

14-0 (20°) 
Cuggtt + Cun(OH) on — ott <= Cun, (OH)entt + 2Hagt (m > 2) 

~ 13-7 (20°) 


BF” BID: cccescccccescsseusess 


I ai 


Estimates based on *$,, and & indicate that higher complexes than Cu,(OH),** are not 
present in significant amounts under the experimental conditions summarised in Tables | 
and 2. Egn. (2) can therefore be used to calculate the thermodynamic functions governing 
the formation of Cu,(OH),** in solution. The values given in Table 6 have been obtained 


* Werner, ‘‘ Neuere Anschauungen auf dem Gebiete der Anorganischen Chemie,” Zurich, Ist edn., 
1905; 2nd edn., 1908. 

7 Orgel, Proc. Tenth Solvay Conference, Brussels, 1956, 296. 

8 Jahn and Teller, Proc. Roy. Soc., 1937, A, 161, 229. 
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from eqn. (2) by using the identities, —AG° = 2-3026RT log *8,,; d(—AG°)/dT = AS°; 
and AH° = AG° + TAS®. The observed entropy is consistent with the effects of difference 
in the degree of hydration of the complex relative to its components. It has been 
suggested *® that co-ordination of a water molecule to an ion requires an entropy change 
equal to the entropy of crystallization of water, namely, —5:3 e.u. Although this is an 
oversimplification, particularly because it neglects differences in the extent of the region 
of disordered solvent molecules around the reacting species, the value of AS° = +106 
which it predicts for the formation of Cu,(OH),** is in good agreement with experiment. 
The same entropy change would also be predicted for each successive step in the building 
up of larger complexes. 


APPENDIX 


To find *K, and *8,, when both CuOH* and Cu,(OH),** ave present. When potassium 
hydroxide is added to a copper perchlorate solution containing perchloric acid, we have, from 
electroneutrality : 


[KOH] + [H*] + 2[Cu**] + [CuOH*] + 2[Cu,(OH),**] = (C10,-] + [OH™] 


=2[Cut}p+[HClOog .. (i) 
when [OH~] is negligible. 


But [Cutt], = [Cu**] + [CuOH*] + 2[Cu,(OH),**] . . . . - (ii) 
From (i) — (ii): [Cu*+] = [Cu*+]p — ((H*] + [KOH] — [HCIOJ) . . . . (iii) 
(H*] + [KOH] — [HCIO,] = [CuOH*] + 2[Cu,(OH),**] 
= *K,[Cu**)}/(aq+) + 2*B2_(Cu**}*/(aq+)* 
iz., ((H*] + [KOH] — [HCIO,)) . (ag+)/[Cu**] = *K, + 2*8,.[Cut*]/(aq+) . (iv) 


Both constants can then be obtained by plotting the quantity on the left of eqn. (iv) (which 
is known from the experimental data) against [Cu**]/(ag+). 

Evaluation of *B5, when *B.. is known. If experimental conditions are chosen such that 
Cu*t*, Cu,(OH),**, and Cu,(OH),** are the main copper species present, we have: 


[Cut*] ~ [(Cu*+] + 2[Cu,(OH),**] + 3[Cu(OH),**] . . . (v) 

and [H*] + [KOH] — [HCI1O,] ~ 2[Cu,(OH),**] + 4[Cu,(OH),**] - (vi) 
Hence, 

4(Cut*], + 3[HC1O,) — 3[H*] — 3[KOH] ~ 4[Cutt] + 2[Cu,(OH),**] . (vii) 


Making the substitution, [Cu,(OH),**] = *8,.[Cu**]?/(aq+)? in (vii) and solving the resulting 
quadratic equation, we have 


*ByolCut*]/(aq+)® + {1 + *Bye(4[Cu**]p + 3[HCIO,) — 3[H*] — 3[KOH])/2(aq+)*}# — 1 


Once [Cu**] is known, [Cu,(OH),**] and hence, from eqn. (v), [Cu,(OH),**] can be obtained. 
Finally, an approximate estimate of *8,, can be calculated by inserting these values in the 
identity, 

*Bsg = [Cus(OH),**](aq+)*/[(Cu**] 


To refine this estimate, eqn. (vii) must be expanded to allow for the presence of higher com- 
plexes, the exact form of (vii) being 


4[Cu**)p + 3[HCIO,) — 3[H*] — 3[KOH] = > (6 — 2n)[Cu,(OH)n_2**) 


n= @® 
n=1 


* Ulich, Z. Elektrochem., 1930, 36, 497. 
” Frank and Evans, J. Chem. Phys., 1945, 18, 507. 
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The necessary correction is made by assuming that # is a constant, given by *854/*g2, and using 
the relations developed in the next paragraph. From the initial estimates of (Cu**] and *g,, 
a more accurate value of *8,, is found. The process is repeated until constancy is obtained, 
[Results for 0-000242m-copper perchlorate, at higher Z values, suggest that this estimate of £ 
is too low. However, at higher copper concentrations, solubility limitations prevent the direct 
experimental determination of k by using eqns. (3) and (4).] 

Derivation of equations (3) and (4). It is assumed that hydrolysis of cupric ion proceeds by 
stepwise polynuclear complex formation, commencing with the ion, Cu,(OH),**, and adding 
“links” of Cu(OH),. If the formation constant, k, for the addition of any link is independent 
of the size of the complex, we have, for nm > 2: 


[Cun (OH) an _2**] = *Bagh”~*[Cu**]"/(aq+)™~* 


But the total copper concentration, 


[Cutt}y = "5 m[Cug(OH) ans] 


Hence [Cut+]p = [Cut] + *Byy SD (nk"~2[Cut*]"/(aq+)"-2} 
n=2 


That is, [(Cutt]y * “By *—" | 
a "ht Pa 


where + = k[Cu**]/(aq+)*._ Summation of this binomial series gives 


[Cu**}r _ 
(@q+)? 


* , *Byp 442-4) 
i + _ Ta’ which is eqn. (3). 


Similarly, if a solution of copper perchlorate, acidified with perchloric acid, is titrated with 
potassium hydroxide: 


(H*] + [KOH] — [HCIO}, = "(2m — 2){Cug(OH)an_a**] 


(H*] + [KOH] — [HCIO,] _ 2*Ba "S” BY * 
(4q+)? - &e 2, (» ” 





* 2 
ar ak Gaye Which is eqn. (4). 
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Arthur and Tam. 


642. Matteucinin (a New Flavanoid Glycoside) and Other 
Constituents of the Ericaceae of Hong Kong. 


By H. R. ARTHUR and S. W. Tam. 


A new flavanoid glycoside, matteucinin (I), and glycosides of aromaden- 
drin, farrerol, matteucinol, myricetin, and quercetin occur in Hong Kong 
species of the Ericaceae. Matteucinin is a matteucinol 7-(glucosidyl-f- 
glucoside). 


EARLIER work ? has shown that species of Hong Kong Ericaceae yield various triterpenoid 
and flavonoid compounds. Matteucinol! was obtained from an ethereal extract of the 
leaves of Rhododendron simsti, and farrerol * similarly from R. farrerae. These flavanones 
occur in the free state. 

Methanol extracts of the leaves (which were first extracted with light petroleum and 
then with ether) of these endemic plants? have now yielded products, all occurring as 
glycosides, as follows: Enkianthus quinqueflorus, quercetin; Rhododendron simiarum, 
aromadendrin and quercetin; R. westlandii, myricetin and quercetin; R. farrerae, 
farrerol; and R. simsii, matteucinol. Paper chromatography, infrared spectroscopy, and 
chemical methods were used in establishing the identity of the aglycones. A new glycoside 
has been isolated from the methanol extract of R. simsii and for it we propose the-name 
matteucinin since its aglycone is matteucinol 5 which was first obtained from the Japanese 
fern Matteucia orientalis. The methanol extract of R. championae yielded no flavonoid 
compound, 


Me 


R'O ‘ OMe , , 
¢ () R=H,R’=CygHg,Oy. (I) R=R’=H. 


Me 
RO fe) 


(Ill) R= H, R’ = Me. (IV) R= Me, R’ = H. 


Matteucinin (I), C,5H;,0,;, gave (—)-matteucinol (II) on hydrolysis with sulphuric 
acid or emulsin ($-linkage), and in both hydrolysates glucose (as the only sugar present) 
was identified by paper chromatography and by its osazone. Determination of matteucinol 
gravimetrically, and glucose colorimetrically, after acid-hydrolysis of matteucinin showed 
that two glucose units are present in the glycoside. Matteucinin, matteucinol, and 
matteucinol 7-methy]l ether (III) give green colours with ferric chloride, whereas matteucinol 
5-methyl ether (IV) and the product obtained on methylation of matteucinin with methyl 
sulphate give yellow-brown colours. This suggested that the 5-hydroxyl group of 
matteucinol is free in matteucinin, and this was supported in that matteucinin does not 
react with diazomethane and yet forms an octa-acetyl derivative, and was finally proved by 
methylation of the glycoside or its octa-acetyl derivative to a product which on hydrolysis 
yielded matteucinol 5-methyl ether (shown to differ from matteucinol and its 7-methyl 
ether). 

Therefore, matteucinin is a matteucinol 7-(glucosidyl-8-glucoside). 


EXPERIMENTAL 


Analyses were by Dr. Zimmermann, Melbourne. Paper used for chromatography was 
Whatman No. 1, and the solvent was phenol saturated with water. M. p.s were taken on a 
gas-heated copper block (except where otherwise stated). Methanol extracts for all species 


? Arthur and Hui, J., 1954, 2782. 

* Arthur and Hui, J., 1954, 4683. 

? Arthur, J., 1955, 3740. 

* Arthur, Lee, and Ma, J., 1956, 1461. 

5 Fujise, Sci. Papers Inst. Phys. Chem. Res., Tokyo, 1929, 11, 111. 
* Munesada, J. Pharm. Soc. Japan, 1924, 505, 185. 
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were made from leaves which were first extracted with light petroleum (b. p. 60—80°) and then 
with ether. The weights of leaves and yields of products refer to air-dried unextracted leaves, 

Extraction of Flavonoid Compounds (from All Species).—Air-dried leaves were extracted 
with light petroleum, then with ether, and finally with cold methanol during several days, 
The methanol extract, when evaporated under reduced pressure, left a brown tar. This was 
boiled with aqueous-methanolic 0-3—2n-sulphuric acid for at least $ hr. Removal of the 
methanol left a tar which was extracted repeatedly either with ether or chloroform. Removal 
of the solvent left usually a yellow or brown solid or a tar (A). 

(1) Enkianthus quinqueflorus. The tar A from 1-25 kg. of leaves was extracted with 
benzene (Soxhlet). The insoluble portion gave, after 3 recrystallisations from aqueous ethanol, 
yellow needles of quercetin (identical with the sample from R. simiarum) (0-8 g., 0-06%), m. p, 
309—311° (vac.) (decomp.), Rp 0-42 at ~20° [penta-acetate (from aqueous acetone) m. p. and 
mixed m. p. 189—191°; 3,7,3’,4’-tetramethyl ether (from methanol), m. p. and mixed m. p. 
155—157°}. 

(2) Rhododendron simiarum. Methanol was added to the tar A (from 7 kg. of leaves), 
Yellow needles of crude quercetin (2-3 g., 0-03%) separated. Three recrystallisations from 
aqueous ethanol gave quercetin, m. p. 304—311° (vac.) (decomp.) (Found: C, 57-4; H, 4-0, 
Calc. for C,;H,,0,,H,O: C, 56-3; H, 3-8%), Rp 0-42 at ~20°, 0-54 at ~30° [penta-acetate 
(prepared by acetic anhydride or acetyl chloride in pyridine), needles (from aqueous acetone), 
m. p. 191—193° (Found: C, 57-7; H, 4:2; Ac, 41-9. Calc. for C,,H,,0,.: C, 58-6; H, 4-0; 
5Ac, 420%); 3,7,3’,4’-tetramethyl ether (diazomethane in ether), yellow needles (from aqueous 
acetone), m. p. 155—157° (Found: C, 63-3; H, 5-2; OMe, 34-2. Calc. for C,,H,,O0,: C, 63-7; 
H, 5-1; 40M, 34-6%)]. 

The methanol filtrate deposited a product (1-2 g., 0-02%) which, after four recrystallisations 
from aqueous acetone, gave colourless needles of aromadendrin, m. p. 241—242° (Pyrex tube), 
m. p. 223—225° (soda-glass tube) 7 (Found: C, 55-3; H, 4-9; loss at 80°/vac. over P,O,, 11:3. 
Calc. for C,;H,,0,,2H,O: C, 55-6; H, 5-0; 2H,O, 11-1. Found on dried material: C, 62-4; 
H, 4-4. Calc. for C,;5H,,0O,: C, 62-5; H, 4.2%), Rp 0-83 at ~25°. The infrared spectrum was 
identical with that of a sample kindly supplied by Dr. W. E. Hillis. Acetylation by various 
procedures did not afford a pure derivative; methylation with excess of diazomethane gave an 
amorphous product; § a monomethy]l ether, obtained by use of ethereal diazomethane for only 
a few minutes, separated as needles (from aqueous acetone), m. p. 178—181° (decomp.) (Found: 
C, 63-6; H, 4:9; OMe, 10-8. Calc. for C,,H,,0O,: C, 63-6; H, 4:7; 10Me, 10-3%). 

(3) Rhododendron westlandii. Paper chromatography of the tar A revealed the probable 
presence of two flavonoids, one of which was shown to be quercetin (Rp 0-42 at ~20°, 0-54 at 
-~30°; identical values were obtained for authentic quercetin under these conditions). Tar A, 
obtained from 3 kg. of leaves by Hergert’s method,® was extracted with benzene (Soxhlet) for 
6 hr. The insoluble residue was triturated with warm acetone and then crystallised from 
ethanol. Yellow needles separated which on two recrystallisations from aqueous ethanol gave 
myricetin, m. p. >350° (brown at about 310°) (Found: C, 53-8; H, 4-1. Calc. for 
C,;H,.0,,H,O: C, 53-6; H, 3-6%), Rp 0-34 at ~30°, 0-21 at ~20°. The infrared spectrum was 
identical with that of a sample kindly provided by Dr. H. L. Hergert. The hexa-acetate 
(acetyl chloride and pyridine), m. p. 214—216°, separated as needles from aqueous acetone 
(Found: C, 57-1; H, 4:0; Ac, 45-5. Calc. for C,,H,,0,,: C, 56-8; H, 3-9; 6Ac, 45-3%). The 
3,7,3’,4’,5’-pentamethyl ether (diazomethane in ether) separated as pale yellow needles, m. p. 
139—140°, after five recrystallisations from methanol (Found: C, 61-8; H, 5-1; OMe, 38-4. 
Calc. for Cy>H,,O0,: C, 61-9; H, 5-2; 50Me, 40-0%). 

(4) Rhododendron farrerae. Leaves (0-63 kg.) were extracted with cold methanol (2 x 1-51) 
during 7 days. Removal of solvent from the extract left a dark brown semi-solid which was 
extracted exhaustively with ether. The dark green ethereal solution was treated with charcoal, 
then evaporated to dryness. Cream-coloured needles (0-03 g., 0-005%) separated. A sample 
gave on paper chromatography a single spot identical with that obtained from authentic 
farrerol (Ry 0-93 at ~20°). The scarlet ether-insoluble semi-solid residue yielded material 
A as cream-coloured needles (0-1 g., 0:02%), m. p. 216—222°, which gave a green colour with 
ferric chloride solution and an Ry value identical with that of farrerol. 


7 Hillis, Austral. J. Sci. Res., 1952, 5, 379. 


® Uoda, Fukushima, and Kondo, J. Agric. Chem. Soc. Japan, 1943, 19, 467. 
* Hergert, J. Org. Chem., 1956, 21, 534. 
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(5) Rhododendron simsii. Leaves (1 kg.) were extracted with cold methanol (2 x 3 1) 
during 7 days. Removal of the methanol left a dark green semi-solid which was repeatedly 
extracted with ether. The ethereal solution was treated with charcoal and then evaporated 
to dryness. The cream-coloured residue crystallised from methanol as colourless needles 
(0-12 g., 0-01%) of matteucinoi, m. p. and mixed m. p. 173—174°, Ry 0-95 at ~20° (identical 
with that of an authentic sample). To the ether-insoluble semi-solid residue was added water 
(1-41). After 3 days, the aqueous extract was decanted from the dark brown water-insoluble 
tar and was heated on the steam-bath with 2N-sulphuric acid (400 ml.) and methanol (400 ml.) 
for 30 min. The methanol was removed and the liquid which remained was extracted with 
ether. The ethereal extract was treated with charcoal and evaporated to a brown oil. The 
dark water-insoluble tar (above) was triturated with methanol. The solid deposited was 
collected and recrystallised twice from methanol and then twice from water. Light yellow 
needles (4:0 g., 0-40%) of matteucinin (I), m. p. 139—141° after sintering at 135°, m. p. 145— 
147° (Kofler), separated; they had Ry 0-89 at ~20°, [aJ,,2° —28-9° (c 1-0 in COMe,) (Found: 
C, 53-2, 53-4; H, 6-4, 6-4; OMe, 4-6, 49%; M, 580. Cy 9H ,0,;,2H,O requires C, 53-4; H, 6-2; 
10Me, 4:6%; M, 674). Matteucinin was freely soluble in acetone, dioxan, pyridine, and hot 
methanol and very sparingly soluble in ether and in cold water. The cream-coloured needles, 
obtained on crystallisation of matteucinin from water, became deep yellow when heated, but 
resumed the cream colour when left in air. 

Hydrolysis of Matteucinin.—(a) With acid. A solution of matteucinin (0-43 g.) in 0-7N- 
sulphuric acid (60 ml.) and methanol (20 ml.) was heated on the steam-bath for 1-5hr. A cream- 
coloured product separated. Methanol was removed. The product was collected after 12 hr., 
and, after 3 recrystallisations from methanol, it gave needles of matteucinol, m. p. and mixed 
m. p. 173—174°, Ry 0-95 at ~20° (identical with an authentic sample). A sample of the aqueous 
filtrate (which reduced Fehling’s solution and ammoniacal silver nitrate solution, and which 
gave a positive Molisch test) yielded glucose phenylosazone, m. p. and mixed m. p. 203—204°, 
on treatment with acetic acid and phenylhydrazine on the steam-bath for 11—12 min. A 
second sample of the aqueous filtrate, after neutralisation with barium carbonate in the cold, 
was concentrated in a vacuum-desiccator and on paper chromatography gave a single spot 
(developed with an ammonium molybdate spray !), Ry 0-46 at 22°, 0-36 at 15°, identical with 
values for D-glucose. 

(b) Enzymically. A suspension of matteucinin (0-3 g.) in water (20 ml.) and emulsin 
solution 1? (60 ml.) was held at 50° for 5 hr., then left at room temperature for 20 hr. The 
precipitate was collected and extracted (Soxhlet) with ether. The ethereal solution on evapor- 
ation yielded matteucinol (0-05 g.), m. p. 173—174° (from methanol). The residue after one 
recrystallisation yielded matteucinin (0-15 g.), m. p. 139—141°. In the aqueous filtrate glucose 
was identified as the osazone and by a paper chromatogram in which it gave a single spot 
identical with that of an authentic sample. 

Quantitative Determination of Aglycone and Sugar from Matteucinin.—Matteucinin was 
hydrolysed by acid as above but water only was used as solvent. Matteucinin (0-2590, 
02300 g.) yielded matteucinol (0-1182, 0-1095 g.) (45-6, 47-6%; matteucinol monoglucoside 
dihydrate requires 61-3; matteucinol diglucoside dihydrate requires 46-6%). Extraction of 
the aqueous filtrate with ether yielded less than 3 mg. of solids which gave faint positive tests 
in the Molisch reaction and with magnesium and hydrochloric acid in ethanol. The glucose 
(0-1133 g., 49-3%) in an aqueous filtrate obtained from hydrolysis of matteucinin (0-2300 g.) was 
determined colorimetrically !* with chromotropic acid, by comparison with a standard glucose 
solution (a monoglucoside dihydrate requires 35-2%; a diglucoside dihydrate requires 53-4%). 

Octa-O-acetylmatteucinin. Matteucinin (0-1 g.) was boiled with pyridine (2 ml.) and acetic 
anhydride (2 ml.) for 1 hr. * The octa-acetate, isolated in the usual manner and recrystallised four 
times from methanol as needles (0-015 g.), had m. p. 231—233° (Found: C, 57-2; H, 5-7; OMe, 
3-46; Ac, 33-7%; M, 555. Cy gH,,O,, requires C, 56-7; H, 5-6; 1OMe, 3-2; 8Ac, 35-3%; M, 
974). The same product was obtained after 60 hr. at room temperature. 

Methylation of Matteucinin and its Octa-acetate-—Neither compound was methylated by 


%” El Khadem and Mohammed, /J., 1958, 3320. 
“ “ Mann and Saunders, “‘ Practical Organic Chemistry,” 3rd edn., Longmans, Green & Co., London, 
52, p. 414. 
= Paech and Tracey, ‘“‘ Modern Methods of Plant Analysis,’ Vol. II, Springer Verlag, Berlin, 1955, 
p. 42. 
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diazomethane in ether or methanol-ether. Matteucinin (0-25 g.) in acetone (50 ml.) was 
heated with methyl sulphate (2 ml.) and potassium carbonate (4 g.) on the steam-bath until jt 
no longer gave a green colour with ferric chloride solution (6 hr.). After being filtered, the 
solution was distilled and the brown oil obtained was boiled under reflux for 2 hr. with 0-8y- 
sulphuric acid (80 ml.) and methanol (20 ml.). The methanol was removed at reduced pressure 
and the aqueous solution extracted with ether. The ethereal extract was evaporated. The 
yellow oil obtained slowly deposited crystals which, on recrystallisation from methanol, yielded 
matteucinol 5-methyl ether, m. p. 140°, which depressed the m. p. of matteucinol 7-methy| 
ether to 64—66°. 


The authors thank Professor J. E. Driver for his interest, Mr. H. C. Tang (Government 
Herbarium, Hong Kong) for identification of plant material, Dr. W. E. Hillis (Division of 
Forest Products, C.S.I.R.O., Melbourne), and Dr. H. L. Hergert (Rayonier Incorporated, 
Olympic Research Division, Shelton, Washington) for some samples, and the Research Grants 
Committee of the University of Hong Kong for financial assistance. 
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643. Organogermanium Compounds. Part I. Preparation of 
Substituted Triethyl- and T'ricyclohexyl-phenylgermanes. 


By C. Easorn and K. C. PANDE. 


Monosubstituted phenyltricyclohexylgermanes have been made from 
chlorotricyclohexylgermane and aryl-lithium compounds in_ benzene. 
Similar aryltriethylgermanes, and also mesityl-, and 1- and 2-naphthyl-tri- 
ethylgermane, have been made from bromotriethylgermane and an aryl- 
lithium compound in ether, an arylmagnésium halide in ether, or an aryl 
halide and sodium in boiling toluene. 

There is a linear relation between the refractive indices of aryltriethyl- 
germanes and the analogous aryltrimethylsilanes. 


Tuis paper describes the preparation of a range of aryl-triethyl- and -tricyclohexyl- 
germanes required for kinetic studies soon to be reported. 

The compounds X°C,H,°Ge(C,H,,)3, where X = H, m-Me, p-Me, p-Et, p-Pr', p-But, 
p-NMe,, p-OMe, and #-Cl, were made from chlorotricyclohexylgermane and the appropriate 
aryl-lithium in boiling benzene (cf. ref. 1). 

The compounds X-C,H,°GeEt,, where X = H, p-Me, #-Pr', p-Bu', p-OMe, m-Cl, 
p-Cl, and p-F, were made from bromotriethylgermane and the appropriate arylmagnesium 
bromide in ether. Triethylphenylgermane prepared by this method could not be freed 
from biphenyl, but a pure product was obtained from bromotriethylgermane and phenyl- 
lithium prepared by cross-metallation of bromobenzene in ether. Triethylphenyl- and 
triethyl-p-tolyl-germane have been prepared previously from the aryltrichlorogermane 
and ethylmagnesium chloride.” 

The compounds X°C,H,-GeEt,, where X = m-But, ~-Ph, o-NMe,, p-NMeg, 0-OMe, 
m-OMe, p-OPh, p-CH,SiMeg, p-Br, and -I, and also triethyl-2,4,6-trimethylphenylgermane, 
were made from bromotriethylgermane and the appropriate aryl-lithium in ether. 
Bromophenyltriethylgermane has been prepared previously, in low yield and impure, 
from bromotriethylgermane and #-bromophenylmagnesium bromide;* use of p-bromo- or 
p-iodo-phenyl-lithium made by cross-metallation of -dibromo- or /-di-iodo-benzene 
with a one-molar proportion of n-butyl-lithium, has given pure p-bromo- or p-iodo-phenyl- 
triethylgermane in 80% yield. 

1 Johnson and Nebergall, J. Amer. Chem. Soc., 1949, 71, 1720. 


2 Bauer and Burschkies, Ber., 1933, 66, 1156. 
* Chatt and Williams, J., 1954, 4403. 
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The compounds X-C,H,°GeEt,, where X = p-Et, o-Me, m-Me, o-Ph, and p-O-SiMe,, 
were made by Wurtz-Fittig synthesis involving bromotriethylgermane and an aryl 
bromide or chloride in boiling toluene. This method also gave 1- and 2-naphthyltriethyl- 

rmane. 
The preparation of bromotriethylgermane from tetraethylgermane * has been improved. 

A precise relationship exists between the refractive indices of the aryltriethylgermanes 
prepared and analogous aryltrimethylsilanes,5 viz., G = 0-800S + 0-320, where G and S 
are the values of ,”° for corresponding germanium and silicon compounds. The average 
error in G for the 1- and 2-naphthyl compounds and for the compounds X-C,H,-MRg, where 
X =H, m-Me, p-Me, p-F, m-Cl, p-Cl, p-I, p-O-SiMe,, m-OMe, p-OMe, p-OPh, is +0-0010. 
The relation can be used as a check on the purity of specimens of either class of compound 
in cases of doubt; thus when for X = Br one uses the value of m,,° for a sample of p-bromo- 
phenyltrimethylsilane which was believed ® to be impure, the deviation in G is +-0-0037. 
For the 1-naphthyl and the o-tolyl compound the deviations are —0-0042 and —0-0028 
respectively; we cannot say at this stage whether the relation fails for ortho-substituents 
or whether some of the samples were impure. 


EXPERIMENTAL 


Fractional Distillations.—A precision-made Vigreux column of ca. 15 theoretical plates was 
used. ’ 

Chlorotricyclohexylgermane.—This compound, b. p. 185°/1 mm., m. p. 96°, was prepared in 
80% yield from tetrachlorogermane and cyclohexylmagnesium chloride in ether.*® 

Bromotriethylgermane.—Kraus and Flood’s method for making this compound, which took 
6 days,* was modified by adding the bromine all at once and using a higher reaction temperature, 
as follows. Bromine (37 g.) in anhydrous ethyl bromide (50 ml.) was added all at once to 
tetraethylgermane (43 g.). A vigorous reaction began after a short time, and was controlled 
by ice-cooling. When this reaction subsided the mixture was kept at 40—50° for 24 hr., during 
which almost all the bromine disappeared. Fractionation gave bromotriethylgermane (44 g., 
80%), b. p. 191°. 

Substituted Phenyltricyclohexylgermanes.—Chlorotricyclohexylgermane (0-015 mole) in 
benzene (100 ml.) was added to a solution, of the aryl-lithium, prepared from the appropriate 
aryl bromide (0-04 mole) and lithium (0-10 g.-atom) in ether (50 ml.) [except for p-chlorophenyl- 
lithium, which was made from -bromochlorobenzene (0-04 mole) and n-butyl-lithium (0-04 
mole) in ether (50 ml.)]. The ether was distilled off and the residue was boiled under reflux 
for 1—2 hr. Excess of lithium was removed by filtration, and dilute hydrochloric acid (or 


TABLE 1. Aryltricyclohexylgermanes. 
Found (%) Required (%) 

M. p. Cc H Cc H 

124° 72-6 72-7 

135 72-7 72-7 

138 73-3 73-1 

129-5 73-3 73-5 

159-5 73-5 73-9 

132-5 70-0 70-0 

135 66-5 66-4 

190 70-8 70-8 

H (cf. ref. 1) ........ $3 210 pet _ 
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water in the case of the p-NMe, compound) was added, with the usual precautions, to the 
filtrate. The organic layer was separated, washed, and dried (Na,SO,). The solvent was 
removed, and the residue recrystallised from ethanol to give the aryltricyclohexylgermane 
(see Table 1), X-C,H,°Ge(C,H,,)5, in fine white crystals. 

* Kraus and Flood, J. Amer. Chem. Soc., 1932, 54, 1635. 

5 (a) Eaborn and Webster, J., 1960, 179; Deans and Eaborn, J., 1959, 2299; Deans, Eaborn, and 
Webster, ibid., p. 3031; Eaborn, Lasocki, and Webster, ibid., p. 3034; Eaborn, J., 1956, 4858; (5) 
Eaborn and Webster, J., 1957, 4449. 

* Bauer and Burschkies, Ber., 1932, 65, 956. 
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Preparation of Aryltriethylgermanes from Aryl-lithium Compounds.—Bromotriethylgermane 
(0-05 mole) in ether (50 ml.) was added, at such a rate as to maintain gentle reflux, to a solution 
of the appropriate aryl-lithium prepared from the aryl bromide (0-075 mole) and lithium (0-2 
g.-atom) in ether (100 ml.) [except for p-bromo- and p-iodo-phenyl-lithium, which were made 
from p-dibromo- or p-di-iodo-benzene (0-07 mole) and n-butyl-lithium (0-07 mole) in ether 
(100 ml.) 7]. The mixture was refluxed for 1—3 hr., excess of lithium was filtered off, and 
(except in the preparation of the o- and ~-NMe, compounds, for which water was used) dilute 
hydrochloric acid was added to the filtrate with the usual precautions. The ethereal layer 
was separated, washed, and dried (Na,SO,), and the ether was removed. The'residue was 
fractionated to give the aryltriethylgermane (see Table 2), X-C,H,-GeEt;. 


TABLE 2. Aryltriethylgermanes (cf. also Tables 3 and 4). 

Yield Found (%) Required (%) 

X in X-C,H, B. p./mm. np* Cc Cc H 
116—117°/4—5 1-5050 65-8 65-5 

135—136°/3—4 1-5088 59-1 59-2 

158—159°/0-7 1-5780 69-5 69-1 

128-5—129°/7 1-5203 58-5 58-5 

128-5°/6 1-5205 58-7 58-5 

179°/3 1-5581 65-9 65-7 

134-5°/4—5 1-5452 45-8 45-6 

127—128°/2 1-5724 39-9 39-7 

118°/3—4 1-5210 60-3 60-1 

149°/4-5 1-5438 59-8 60-1 

* Found: N, 5-3. C,,H,,NGe requires N, 5-0%. * Found: N, 4:8. 
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Triethyl-2,4,6-trimethylphenylgermane, b. p. 152°/9 mm., n,”° 1-5333, was made similarly in 
90% yield (Found: C, 64-8; H, 9-6. (C,,;H,,Ge requires, C, 64-6; H, 9-5%) 

Triethylphenylgermane, b. p. 117—118°/13-5 mm., n,”° 1-5147 (Found: C, 60-9; H, 8-55. 
Calc. for C,,H,»Ge: C, 60-8; H, 8-45%), was made in 93% yield by this method from phenyl- 
lithium derived from bromobenzene and n-butyl-lithium, and was shown by its ultraviolet 
absorption to be free from biphenyl. 

Preparation of Aryltriethylgermanes from Grignard Reagents.—Bromotriethylgermane (0-05 
mole) in ether (100 ml.) was added to the Grignard reagent prepared from the appropriate aryl 
bromide (0-07 mole) and magnesium (0-075 g.-atom) in ether (100 ml.), and the mixture was 
refluxed for 2—12 hr. Addition of dilute hydrochloric acid, followed by separation, washing, 
drying (Na,SO,), and fractionation of the ethereal layer gave the aryltriethylgermane (see 
Table 3), X°C,H,’GeEts. 


TABLE 3. Aryltriethylgermanes (cf. also Tables 2 and 4). 


Reflux Yield Found (%) Required (%) 
time (hr.) % B. p./mm. Np” Cc H Cc 
65 136°/16 1-5134 62-5 . 62-4 
70 136°/7 1-5095 64-7 ° 64-6 
85 125°/2 1-5105 65-6 . 65-5 
75 121°/15-5 1-4998 56-9 . 56-55 
60 132—133°/8 1-5289 53-4 . 53-1 
60 130°/6 1-5287 53-6 . 53-1 
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The ultraviolet absorption of triethylphenylgermane, b. p. 122°/22 mm., prepared by this 
method revealed that biphenyl was present, and this could not be removed by further 
fractionation. 

Preparation of Aryltriethylgermanes by Wurtz—Fittig Synthesis—A mixture of the aryl 
chloride (X = o-Me, m-Me, p-Et, o-Ph) or bromide (X = p-O-SiMe,) (0-05 mole) and bromo- 
triethylgermane (0-05 mole) was added carefully with vigorous stirring to sodium (0-11 g.-atom) 
in boiling toluene (110 ml.). The mixture was kept boiling during the addition, heat being 
supplied if necessary. The mixture was refluxed and stirred for an additional 1 hr. and then 
filtered. The filtrate was fractionated to give the aryltriethylgermane (see Table 4), 
X'C,H,’GeEt,. 


7 Gilman, Langham, and Moore, J. Amer. Chem. Soc., 1940, 62, 2327. 
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TABLE 4. Aryltriethylgermanes (cf. Tables 2 and 3). 

X in X-C,H, (%) B. p./mm. np* Cc H C H 

7 126°/11 1-5200 61-9 : 62-3 , 

128°/12 1-5140 62-5 P 62-3 . 
131—133°/11—12 1-5136 63-5 ‘ 63-6 “15 

159°/3 1-5701 69-4 . 69-1 ° 
126—127°/2 1-5050 55-4 4 55-4 8-7 
From l- or 2-bromonaphthalene in the same manner were prepared iriethyl-1-naphthyl- 
(25%), b. p. 153°/4 mm., ,*° 1-5120 (Found: C, 67-1; H, 7-6. C,sH,,Ge requires C, 67-0; 
H, 7:7%), and -2-naphthyl-germane (64%), b. p. 151°/3—4 mm., n,*° 1-5785 (Found: C, 67-1; 

H, 7-7%). 


We thank the General Electric Co. Ltd. for a gift of germanium dioxide, and the Royal 
Society for the loan of apparatus from the Government Grant-in-Aid. The work was supported 
and sponsored in part by the U.S. Department of Army, through its European Research Office. 
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644. Organic Peroxides. Part I1I.* Di-(9-benzyl-9-fluorenyl) 
Peroxide: A New Source of Benzyl Radicals. 
By J. I. G. Capocan, D. H. Hey, and W. A. SANDERSON. 


Fluorenone and bibenzyl are the main products of the decomposition of 
di-(9-benzyl-9-fluorenyl) peroxide in bromobenzene, pyridine, 4-picoline, 
thiophen, and NN-dimethylaniline. From the products of reactions of the 
peroxide with thiophen and with 4-picoline in the presence of di-t-butyl 
peroxide, it is concluded that free benzyl radicals are present. The mode of 
formation of these and other products is discussed. 


Since the formation of free benzyl radicals by the pyrolysis of tetrabenzyltin was first 
reported by Paneth and Lautsch ! they have been prepared in the gas phase by a variety 
of routes,? none of which is readily applicable to the liquid phase. Benzyl radicals in 
solution have been prepared by the decomposition of di(phenylacetyl) peroxide,® ««’-azo- 
toluene, and 1-benzyl-3-phenyltriazen,5 by the electrolysis of benzylmagnesium bromide ® 
in ether, and by fission of benzyl ethers with Grignard reagents ? or with t-butoxy-radicals.8 
In addition, any sufficiently reactive radical, if generated in toluene solution, will abstract 
hydrogen from the methyl group to form a benzyl radical, and this method has been 
widely used for the study of the reactions of benzyl radicals.® The available sources of 
benzyl radicals are not always entirely satisfactory, since they entail either (i) the primary 
generation of other radicals, as in the decomposition of di-t-butyl peroxide in toluene, 
(ii) the use of a single substance, such as a 1-benzyl-3-aryltriazen, which produces other 
radicals in addition to benzyl, or (iii) the use of substances, such as a«’-azotoluene or 
di(phenylacetyl) peroxide, which are unstable at low temperatures. In an attempt to 
obtain a compound which, although stable under normal conditions of storage and purific- 
ation, would decompose, on being heated, to give free benzyl radicals in high yield, the 


* Part II, J., 1958, 4498: 


1 Paneth and Lautsch, J., 1935, 380. 

* Hein and Mesée, Ber., 1943, 76, 4830; Szwarc, J]. Chem. Phys., 1949, 17, 505; Szwarc and Taylor, 
ibid., 1953, 21, 1746; Horrex and Miles, Discuss. Faraday Soc., 1951, 10, 187. 

* Kharasch, Kane, and Brown, J. Amer. Chem. Soc., 1942, 64, 1621. 

* Bickel and Waters, Rec. Trav. chim., 1950, 69, 312. 

5 Dolgoplosk, Erusalimskii, Krol, and Romanor, Zhur. obschei Khim., 1954, 24, 1775. 

* Evans, Pearson, and Braithwaite, J]. Amer. Chem. Soc., 1941, 68, 2574. 

? Huang and Sing Sow Si-Hoe, J., 1957, 3988. 

— and Sing Sow Si-Hoe, “‘ Vistas in Free Radical Chemistry,’’ Pergamon Press, London, 1959, 

p. 242. 
* (a) Beckwith and Waters, J., 1957, 1001; (b) Farmer and Moore, J., 1951, 131. 
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hitherto unknown di-(9-benzyl-9-fluorenyl) peroxide (I) has been prepared and its reactions 
have been studied. The peroxide was readily formed by condensing 9-benzylfluoren-9-9] 
with 9-benzyl-9-fluorenyl hydroperoxide in acetic acid in the presence of a small amount 
of sulphuric acid. 

By analogy with the decomposition of related peroxides,!®" it would be expected that 
di-(9-benzyl-9-fluorenyl) peroxide would give the radical (II) on Selb decomposition in 
solution. In theory, this ai -radical can react in three ways: (a) by elimination of a 


CH,Ph pg CH,Ph O-. CH,Ph 
~o—oO Or 2% 


benzyl radical with the formation of Pall (b) by auiee of the five-membered ring 
to give an ortho-substituted phenyl radical (III), or (c) by rearrangement to a new radical 
(IV) which could dimerise to give a bis-dibenzyl ether. The last process resembles the 
well-known Wieland rearrangement of triarylmethoxy-radicals.” 

In view of the known stability '* of the benzyl radical, the first path appeared to be 
most favourable energetically. 

Di-(9-benzyl-9-fluorenyl) peroxide was allowed to decompose in bromobenzene, pyrid- 
ine, 4-picoline, thiophen, and NN-dimethylaniline, and the products were isolated and 
identified where possible. 


(IV) 


EXPERIMENTAL 

Chromatographic separations were carried oyt on activated alumina (Peter Spence & 
Sons, Ltd., Type ““H’’). Gas—liquid chromatographic determinations were carried out by 
using a Perkin-Elmer ‘‘ Fraktometer,’’ Model 116, fitted with a high-sensitivity, dual thermal- 
conductivity detector which normally gives a response proportional to molecular weight. This 
response was tested wherever possible by analysis of mixtures of known composition, and was 
satisfactory. 

Solvents.—Pyridine (‘“‘ AnalaR ’’) was dried (KOH) and fractionally distilled from barium 
monoxide. 4-Picoline (Hopkin and Williams Ltd.) was similarly purified, having b. p. 
143°/752 mm. NN-Dimethylaniline (500 g.) was boiled under reflux with acetic anhydride 
(250 g.) for 3 hr. under nitrogen. The solution was then distilled in an atmosphere of nitrogen 
until the temperature of the distillate was constant (193°); the distillation was completed 
under reduced pressure, the fraction of b. p. 84°/15 mm. being collected and redistilled from 
zinc dust and stored over potassium hydroxide. Thiophen (Hopkin and Williams Ltd.) was 
shaken successively with 7N-hydrochloric acid, 4n-sodium hydroxide, and water, and dried 
(CaCl,); it was fractionally distilled from sodium (b. p. 84°/765 mm.). Bromobenzene was 
washed with aqueous 7N-sodium hydroxide, dried (Na,SO,), and fractionally distilled. 

Preparation of Compounds.—9-Benzylfluoren-9-ol was prepared by the method of Ullmann 
and von Wurstemberger.44 The product (72%) was recrystallised from ethanol to constant 
m. p. 143—144°. Ullmann and von Wurstemberger ™ report m. p. 139°. 

9-Benzyl-9-fluorenyl hydroperoxide. To hydrogen peroxide (86% w/w; 55 ml.), sulphuric 
acid (d 1-8; 0-25 ml.), and ether (135 ml.) was added 9-benzylfluoren-9-ol (25 g.). The mixture 
was stirred magnetically at room temperature for 3 hr. Special precautions against explosion 
were taken.* Water (200 ml.) was added, the mixture was separated, and the aqueous layer 


* It should be noted that mixtures containing organic material and hydrogen peroxide of this strength 
sometimes result in explosion (see Criegee and Dietrich, Annalen, 1948, 560, 135), although some twenty 
experiments of the type described above were carried out without incident. 


10 Hawkins, Quart. Rev., 1950, 4, 251. 

11 Cadogan, Hey, and Sanderson, /., 1958, 4498. 

12 Wieland, Ber., 1911, 44, 2550. 

13 See, for example, Szwarc, Discuss. Faraday Soc., 1947, 2, 39. 
144 Ullmann and von Wurstemberger, Ber., 1905, 38, 4105. 





lmann 
nstant 


phuric 
ixture 
losion 
; layer 


rength 


twenty 


[1960] Organic Peroxides. Part III. 3205 


was extracted with ether. The ether solution was washed with sodium hydrogen carbonate 

solution and with water, and was dried (MgSO,). Evaporation of the solution left a yellow 

gum (24 g.). Iodometric analysis by the method of Davies, Foster, and White * showed that 

it contained 75% of the hydroperoxide. Purification by recrystallisation proved to be wasteful. 

The crude hydroperoxide was satisfactory for the preparation of di-(9-benzyl-9-fluoreny]) 
xide. 

Di-(9-benzyl-9-fluorenyl) peroxide. Sulphuric acid (d 1-8; 0-5 ml.) in acetic acid (5 ml.) was 
added with stirring to a solution of the crude hydroperoxide (10 g.; 75% purity) and 9-benzyl- 
fluoren-9-ol (7-5 g.) in acetic acid (35 ml.) at 0°, and the solution was left overnight at room 
temperature. The product was collected and washed with ethanol (10 ml.) to give di-(9-benzyl- 
9-fluorenyl) peroxide as a colourless amorphous powder (7 g., 50%). After crystallisation from 
chloroform—ethanol it had m. p. 170—170-5° (decomp.) (Found: C, 88-6; H, 5-4. Cy H ,0, 
requires C, 88-5; H, 5-6%). The infrared spectrum of the peroxide showed a strong peak at 
10-1 u (peroxide linkage). The peroxide is stable in the dark at room temperature but rapidly 
discolours in sunlight, with lowering of m. p. The peroxide is stable to detonation and liberated 
iodine from potassium iodide in acid only when heated. 

9-Benzyl-9-benzyloxyfluorene. 9-Benzylfluoren-9-ol (1-0 g.) was added to a solution from 
sodium (0-085 g.) in ethanol (10 ml.) and the whole was distilled to dryness. Benzyl chloride 
(10 ml.) was added and the solution was boiled under reflux for 4 hr., during which a brown 
solid separated. The mixture was evaporated almost to dryness at 20 mm. and the residue was 
boiled with light petroleum (b. p. 60—80°; 50 ml.). After filtration the solution was distilled 
to leave an oil, which at 0-05 mm. gave the following fractions: (a) a colourless oil (b. p. <90°), 
(b) a yellow oil (0-5 g.; b. p. 90—140°), and (c) a yellow oil (0-4 g.; b. p. 140—150°). Infrared 
spectrography indicated that fraction (a) was benzyl chloride, fraction (b) was probably 
a mixture of fluorenone and a compound absorbing strongly at 9-13 uw and fraction (c) was 
impure 9-benzylidenefluorene (by comparison with a sample m. p. 76° prepared by heating 
9-benzylfluoren-9-ol with acetic and hydrochloric acid #4). Fraction (b) was chromatographed 
on alumina, elution with light petroleum (b. p. 60—80°)—benzene (2:1) giving a yellow gum 
(0-2 g., 15%), which crystallised from aqueous ethanol to give 9-benzyl-9-benzyloxyfluorene, 
m. p. 106—107° (Found: C, 89-3; H, 6-3. C,,H,,O requires C, 89-5; H, 6-1%). The com- 
pound had a strong absorption peak at 9-13 » (alkyl ether). 

2-Benzylthiophen (b. p. 75°/0-15 mm., ,,** 1-5891) was prepared by the method of Steinkopf 
and Hanske,?* who reported b. p. 262—265°/765 mm. 2-Benzyl-5-chloromercurithiophen, m. p. 
187—-189°, was prepared by the method of Steinkopf,!” who reported m. p. 189—191°. 

3-Benzylthiophen. Diethyl acetosuccinate (b. p. 120—128°/0-4 mm.), from ethyl sodio- 
acetoacetate and ethyl chloroacetate,#® was converted into 2-benzylsuccinic acid (m. p. 160— 
163°) by the method of Haworth, Jones, and Way ” who reported m. p. 157—160°. The 
disodium salt (10 g.) was intimately mixed with phosphorus trisulphide (B.D.H.; 15 g.), trans- 
ferred to a distillation flask, and heated in a bath of Wood’s metal, while a slow stream of 
carbon dioxide was passed through the apparatus. Reaction occurred very suddenly at 260° 
to give a pale yellow liquid (2 ml.), which was redistilled to give 3-benzylthiophen as an unstable 
colourless oil (1-5 g., 22%), b. p. 120°/20 mm., m,,*5 1-5868 (Found: C, 74-3; H, 5-85. C,,Hy9S 
requires C, 75-8; H, 5-75%). The chloromercuri-derivative, prepared as described for 2-benzyl- 
thiophen, was a colourless amorphous powder, m. p. 245—247° (from dimethylformamide— 
ethanol) (Found: C, 20-2; H, 1-26. C,,H,Hg,Cl,S requires C, 19-1; H, 1-7%). The analysis 
and the well-inown activation of the «-positions in thiophen make it evident that the product 
is 3-benzyl-2,5-di(chloromercuri)thiophen. 

Bis-(p-dimethylaminophenyl)methane was prepared by Cohn’s method *° from NN-dimethyl- 
aniline and formaldehydé. The product crystallised from ethanol in leaflets, m. p. 89—90-5° 
(Pinnow * reported m. p. 90—91°). 

Thanks are accorded to Dr. G. H. Williams for the provision of samples of 4-phenethyl- 
pyridine, m. p. 69—70°, and of 1,2-di-4’-pyridylethane, m. p. 110—111°. 4-Phenethylpyridine 

8 Davies, Foster, and White, J., 1953, 1541. 

#* Steinkopf and Hanske, Annalen, 1939, 541, 238. 

7 Steinkopf, Annalen, 1921, 424, 23. 

® Adkins, Isbell, and Wojcik, Org. Synth., Coll. Vol. II, p. 262. 

* Haworth, Jones, and Way, J., 1943, 10. 

*® Cohn, Chem. Zig., 1900, 24, 564. 

_—" Ber., 1894, 27, 3166. 
L 
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picrate, crystallised from acetone, had m. p. 167—168° (Fels * reported m. p. 162—163%), 
1,2-Di-4’-pyridylethane dipicrate, crystallised from dimethylformamide, had m. p. 272—273 
(decomp.) (Found: C, 45-0; H, 3-1; N, 18-1. C,,H,,.N,,2C,H,O,N, requires C, 44-9; H, 2-8. 
N, 17-5%). 

Decomposition of Di-(9-benzyl-9-fluorenyl) Peroxide in Bromobenzene and in Pyridine.—The 
peroxide (2-000 g.) in bromobenzene (100 ml.) was boiled under reflux for 24 hr. under nitrogen 
to give a yellow solution. The bulk of the bromobenzene was removed at 20 mm., and the 
residue was distilled (0-05 mm.) to give a yellow semicrystalline product (1-934 g.; b. p. 75— 
150°) and a residue (0-0236 g.; b. p. >220°). A portion (1-002 g.) of the homogenised distillate 
was chromatographed on alumina. Elution with light petroleum (b. p. 60—80°) gave bibenzy| 
(0-250 g.), m. p. and mixed m. p. 45—52° (correct infrared spectrum). Elution with benzene 
(130 ml.) gave a yellow viscous oil (0-077 g.), which crystallised from ethanol to give 9-benzyl-9- 
benzyloxyfluorene, m. p. and mixed m. p. 104—105-5° (Found: C, 89-3; H, 6-1. Calc. for 
Cy,H,,0: C, 89-5; H, 6-1%). Further elution with benzene (1 1.) gave fluorenone (0-6420 g), 
m. p. and mixed m. p. 79—82° (correct infrared spectrum). Elution with methanol gave 
slightly impure (by infrared spectrum) 9-benzylfluoren-9-ol (0-0251 g.). The recovery from the 
column was 0-9941 g. (99%). When a synthetic mixture containing bibenzyl (45%), fluorenone 
(50%), and 9-benzylfiuoren-9-ol (5%) was chromatographed as above, bibenzyl (43%), 
fluorenone (49%), and 9-benzylfluoren-9-ol (5%) were isolated. 

A similar reaction with the peroxide (2-0247 g.) in pyridine (100 ml.) at 115° for 48 hr. gave 
bibenzyl (0-5250 g.; m. p. 47—50°), 9-benzyl-9-benzyloxyfluorene (0-1324 g.; m. p. 104~— 
105-5°), fluorenone (1-2382 g.; m. p. 77—81°), and 9-benzylfluoren-9-ol (0-0932 g.). 

Decomposition of Di-(9-benzyl-9-fluorenyl) Peroxide in 4-Picoline.—The peroxide (2-002 g) 
was allowed to decompose in 4-picoline (100 ml.) under nitrogen for 48 hr. at 115°. The mixture 
was distilled to leave a residue (ca. 10 ml.); the fraction of b. p. <143°/760 mm. was collected 
separately. Carbon tetrachloride (20 ml.) was added to this low-boiling fraction, which was 
extracted with 7N-hydrochloric acid (5 x 50 ml.) and with water, and dried (Na,SO,). The 
carbon tetrachloride solution was boiled under reflux with a mixture of nitric acid (d 1-5; 4 ml) 
and sulphuric acid (d 1-8; 4 ml.) for 2 hr. Evaporation of the solvent followed by dilution 
with water gave impure 2,4-dinitrotoluene (0-0047 g.). 

The residue which remained after the removal of the bulk of the 4-picoline was chromato- 
graphed, and the fractions obtained on elution with light petroleum (b. p. 60—80°) (a), benzene 
(b), and ethanol (c) were distilled under reduced pressure, the 4-picoline obtained in each fraction 
being rejected in each case. Fraction (a) gave bibenzyl (0-3920 g.), b. p. 70—80°/0-05 mm., 
m. p. and mixed m. p. 46—50°, 9-benzyl-9-benzyloxyfluorene (0-0880 g.), m. p. and mixed m. p. 
104—105-5°, and a residue (0-0177 g.), b. p. >240°/0-05 mm. Fraction (b) gave fluorenone 
(1-172 g.), m. p. and mixed m. p. 70—78°, b. p. 105/0-1 mm., and a residue (0-1163 g.), b. p. 
>250°/0-l mm. Fraction (c) gave a brown viscous liquid (0-2288 g.), b. p. 100—120°/0-1 mm., 
and a residue (0-0744 g.), b. p. >250°/0-1 mm. The infrared spectrum of this distillate showed 
it to be largely 9-benzylfluoren-9-ol, a sample of which (m. p. and mixed m. p. 138—141°) was 
isolated by means of chromatography. 

Decomposition of Di-(9-benzyl-9-fluorenyl) Peroxide in 4-Picoline in the Presence of Di-t- 
butyl Peroxide.—Di-(9-benzyl-9-fluorenyl) peroxide (3-003 g.) and di-t-butyl peroxide (6-007 g.) 
in 4-picoline (100 ml.) were heated at 115° under nitrogen for 48 hr. The mixture was distilled 
under nitrogen to leave a residue (ca. 15 ml.). Ether—benzene (1: 1, 50 ml.) was added and the 
solution was extracted with 7N-hydrochloric acid (5 x 25 ml.). The acid extracts were washed 
with ether (2 x 15 ml.), and the combined ether—benzene solutions were washed with water 
(2 x 15 ml.), dried (MgSO,), and allowed to evaporate (product A). The combined aqueous 
extracts were basified with sodium hydroxide at 5° and extracted with chloroform (5 x 25 ml.). 
The chloroform solution was dried (MgSO,) and allowed to evaporate (product B). 

Product A (0-9737 g.) was a mixture of colourless crystals and a yellow oil. A portion 
(0-8560 g.) of the homogenised product was chromatographed, as described in the previous 
experiments, to give bibenzyl (0-2893 g.; m. p. 47—57°), 9-benzyl-9-benzyloxyfluorene 
(0-1013 g.; m. p. 102—104°), fluorenone (0-1808 g.; m. p. 82—83°), and 9-benzylfluoren-9-ol 
(0-2603 g.; m. p. 141—143°). The identities of the products were confirmed by mixed m. p. 
and infrared spectrography. The recovery from the column was 0-8317 g. (97%). 


% Fels, Ber., 1904, 37, 2137. 
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Product B was distilled (0-05 mm.) to give a yellow semi-solid product C (2-479 g.; b. p. 70— 
110°) and a residue (2-723 g.; b. p. >110°). The residue was redistilled (0-05 mm.) to give 
fluorenone (0-4238 g.; b. p. 100—110°, m. p. and mixed m. p. 70—80°, correct spectrum), an 
orange viscous oily product D (0-9882 g.; b. p. 160—180°), and a residue (1-038 g.; b. p. >220°). 
A portion (1-352 g.) of the homogenised product C was chromatographed. Elution with benzene 
gave fluorenone (0-1984 g.; m. p. and mixed m. p. 74—81”, correct infrared spectrum) ; elution 
with benzene-chloroform (9:1; 3 1.) gave 4-phenethylpyridine as a pale yellow semi-solid 
(0-2652 g.) whose picrate had m. p. and mixed m. p. 165—167°. Further elution with benzene- 
chloroform (9:1, 800 ml.) and with chloroform (1 1.) gave 1,2-di-4’-pyridylethane (0-8187 g.), 
m. p. and mixed m. p. 109—111° (from ether). The recovery from the column was 1-282 g. 
(95%). A portion (0-9733 g.) of the homogenised product D was chromatographed. Elution 
with benzene gave fluorenone (0-0693 g.; m. p. and mixed m. p. 82—83°, correct spectrum). 
Elution with chloroform—benzene (1:1) gave an unidentified yellow oil (0-7730 g.), whose 
infrared spectrum indicated that it was derived from 4-picoline. Elution with ethanol gave a 
yellow oil (0-1787 g.), similar to that in the preceding fraction. 

Decomposition of Di-(9-benzyl-9-fluorenyl) Peroxide in Thiophen.—The peroxide (3-495 g.) 
in thiophen (100 ml.) was boiled under reflux under nitrogen for 22 days. Excess of thiophen 
was removed under nitrogen and the residue was distilled (0-05 mm.) to give the following 
fractions: (a) a pale yellow oil (0-4120 g.; b. p. 60—70°), (b) fluorenone (2-092 g.; b. p. 102°; 
m. p. and mixed m. p. 80—83°), (c) a pale yellow viscous oil (0-4725 g.; b. p. 145—155°), and 
(d) a residue (0-3605 g.; b. p. >250°). A fraction of thiophen (19-0 g.) boiling immediately 
before fraction (a) was collected separately and analysed by gas-liquid chromatography. A 
two-metre Perkin-Elmer “‘ C ’’ Column (Dow Corning silicone oil D.C. 200/50cST on “‘ Celite ’’) 
was used at 84°, column pressure 1 kg./cm.? with nitrogen at a flow rate of 15-2 ml./min. as the 
carrier gas and detector voltage 6 v. The composition of the forerun was diethyl ether (solvent) 
(56%), thiophen (93-6%), and toluene (0-8%) with relative retention times 1: 2-5:4-8. A 
portion of fraction (a) was analysed by gas-liquid chromatography, using a two-metre Perkin— 
Elmer ‘‘C”’ column at 194°, column pressure 1-2 kg./cm.*, flow of nitrogen 12-8 ml./min., 
detector voltage 6v. The analysis showed the presence of two major and one minor com- 
ponent. Comparison with authentic mixtures established that 2-benzylthiophen and bibenzyl 
were the major components. The composition of the mixture was 2-benzylthiophen (58-3%), 
bibenzyl (37-5%), unknown component (4-2%). (To obtain the last figure a molecular weight 
of 178, i.e., midway between that of bibenzyl and 2-benzylthiophen was assumed.) The 
retention times were 21-9, 30-3, and 17-7 min. respectively. It was not possible to separate 
2- and 3-benzylthiophen by gas-liquid chromoatography, hence the figure quoted for the 
2-isomer includes any of the 3-isomer also present (see below). 

The remainder of fraction (a) was treated with mercuric chloride solution according to the 
procedure described by Steinkopf,!” which precipitated 2-benzyl-5-chloromercurithiophen, m. p. 
and mixed m. p. 186—187° (from toluene). The infrared spectrum of this product showed 
no extraneous peaks. The filtrate from the first precipitation was evaporated to dryness, the 
residue was extracted with boiling light petroleum (b. p. 60—80°; 50 ml.), and the extracts 
were chromatographed on alumina. Elution with light petroleum (b. p. 60—80°) gave bibenzyl, 
m. p. and mixed m. p. 47—49°. When an authentic mixture of 2- and 3-benzylthiophen, 
containing 5% of the 3-isomer, was submitted to the procedure used for the preparation of the 
chloromercuri-derivatives, the initial precipitate had m. p. 175—184°. Its infrared spectrum 
showed extra peaks at 11-9 and at 13-2 yw, which are present in the spectrum of the chloro- 
mercuri-derivative of the 3-isomer. The absence of these peaks in the infrared spectrum of the 
initially produced chloromercuri-derivative obtained from fraction (a), coupled with the observed 
greater insolubility of the mercuri-derivative of the 3-isomer, indicates that the amount of 
3-benzylthiophen present, if any, is significantly less than 5%. 

A portion (0-4401 g.) of the homogenised fraction (c) was chromatographed. Elution with 
light petroleum (b. p. 60—80°)—benzene (2: 1) gave 9-benzyl-9-benzyloxyfluorene (0-3190 g.), 
m. p. and mixed m. p. 106—107° (from aqueous ethanol). Elution with benzene gave fluorenone 
(0-0303 g.). Elution with ethanol gave 9-benzylfluoren-9-ol (0-0965 g.), m. p. and mixed m. p. 
142° (from aqueous ethanol). The recovery from the column was 0-4358 g. (99%). 

Decomposition of Di-(9-benzyl-9-fluorenyl) Peroxide in NN-Dimethylaniline.—The peroxide 
(2-001 g.) in the amine (100 ml.) was heated at 115° under nitrogen for 48 hr. to give a brown 
solution. After removal of the bulk of the solvent under nitrogen, the residue (10 ml.), dissolved 
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in benzene (80 ml.), was extracted with 7N-hydrochloric acid (4 x 30 ml.). The benzene 
solution was washed with water (2 x 20 ml.) and dried (MgSO,). The combined aqueons 
extracts were basified with sodium hydroxide at 0—5° and extracted with benzene (4 x 99 
ml.). These extracts were washed with water, dried (MgSO,), and distilled (0-05 mm.) to give 
(a) an orange oil (0-1896 g.; b. p. 56—100°), (5) a pale yellow solid (0-3397 g.; b. p. 144—150%, 
and (c) a residue (0-0597 g.; b. p. >200°). 

Fraction (a) (Found: C, 80-9; H, 8-41%), which was shown by gas-liquid chromatography 
to contain at least five components, three of them major, was not further investigated, 
Fraction (b) crystallised from ethanol to give bis-(p-dimethylaminophenyl)methane, m. p. and 
mixed m. p. 89—90-5° (Found: C, 80-0; H, 8-6; N, 10-9. Calc. for C,,H,,N,: C, 80-3; H, 
8-7; N, 110%). The dimethylaniline distillates were combined and boiled under reflux with 
acetic anhydride (100 ml.) under nitrogen for 3hr. Distillation left a residue (10 ml.). Chloro- 
form (100 ml.) was added and the solution was extracted with 2n-hydrochloric acid (6 x 30 ml), 
and the combined acidic extracts were washed with chloroform (2 x 15 ml.). The combined 
chloroform extracts were washed with water and dried (MgSO,). Evaporation of the chloro- 
form left N-methylacetanilide (0-5490 g.), m. p. and mixed m. p. 99—102°. When pure N- 
methylacetanilide (0-5002 g.) in dimethylaniline (10 ml.) was submitted to the above procedure, 
N-methylacetanilide (0-4992 g.) was recovered. The benzene solution of the non-basic portion 
of the reaction product was distilled to give a yellow semi-solid (1-686 g.; b. p. 76~— 
160°/0-05 mm.). A portion of the homogenised product (0-7008 g.) was chromatographed as 
described above, to give bibenzyl (0-0961 g.; m. p. 48—51°), 9-benzyl-9-benzyloxyfluorene 
(0-0280 g.; correct infrared spectrum), fluorenone (0-4326 g.; m. p. 77—83°), and 9-benzyl- 
fluoren-9-ol (0-1361 g.; m. p. 139—141°). The identities of the products were confirmed by 
mixed m. p. and infrared spectrography. The recovery from the column was 0-6883 g. (98%). 


DiscussION 


The results from the decompositions of di-(9-benzyl-9-fluorenyl) peroxide, summarised 
in the Table, show that the predominant reaction is decomposition of the initially produced 
alkoxy-radical (II) to fluorenone and a benzyl radical. In solvents such as bromobenzene, 


Decomposition of di-(9-benzyl-9-fluorenyl) peroxide in solution.* 
Experiment no. 1 2 3 4 5 6 


Bromo- Dimethyl- 
Solvent benzene Pyridine 4-Picoline 4-Picoline’ Thiophen aniline 
Vol. of solvent (ml.) ............... 100 100 100 100 100 100 
Peroxide (moles x 10%) , 3-737 3-693 5-540 6-445 3-692 
Temperature 115° 115° 115° 84° 115° 
Time (days) 2 2 2 22 2 
Fluorenone ° 1-84 1-76 1-07 1-80 1-57 
0-78 0-58 4 0-33 5 0-13 ° 0-33 
9-Benzyl]-9-fluorenol + 0-09 * 0-23 4 0-20 0-06 0-33 
9-Benzyl-9-benzyloxyfluorene ... 0-1 0-07 0-06 0-15 0-057 
Benzyl accounted for (%) # 93 77 74 55 55 
Peroxide accounted for (%) # ... 99 94 64 75 88 


* Figures, unless otherwise stated, represent moles/mole of peroxide. 

1 Di-t-butyl peroxide (4-114 x 10 mole) was also present. * Calc. from the weights of each 
product recovered, including, where found, toluene, 4-phenethylpyridine, and 2-benzylthiophen. 
* Maximum figures due to impure specimens. ‘ Toluene (0-007 mole/mole of peroxide) was also 
formed. * 4-Phenethylpyridine (0-49 mole/mole of peroxide) and 1,2-di-4’-pyridylethane (3-07 moles/ 
mole of 4-phenethylpyridine) were also formed. * 2-Benzylthiophen (0-22 mole/mole of peroxide) 
and toluene (0-25 mole/mole of peroxide) were also formed. 7 Bis-(p-dimethylaminopheny])methane 
(0-36 mole/mole of peroxide) and N-methylaniline (1-00 mole/mole of peroxide) were also formed. 


pyridine, and thiophen, this accounted for 90°, or more of the peroxide, and very little 
abstraction of hydrogen by the radical (II), to give 9-benzyl-9-fluorenol, occurred. It 
appears unlikely that hydrogen-abstraction by these radicals took place at the expense of 
the aromatic solvent, since this would have given rise to aryl radicals and hence to 
binuclear products, no evidence for which was found. 

It is conceivable that the presence of traces of moisture or of solvent of crystallisation 
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might account for the small amounts of 9-benzyl-9-fluorenol, but no direct evidence is 
available on this point. ; 

During the decompositions in bromobenzene and in pyridine, which are inert to attack 
py the resonance-stabilised benzyl radical, the benzyl radicals dimerised to give bibenzyl. 
The experiments in these solvents do not distinguish between an intramolecular “ cage ”’ 
decomposition of the peroxide and the normal dimerisation of free benzyl radicals. 
Accordingly reactions were carried out in thiophen and in 4-picoline. The reactivity of 
the 2-position in the heterolytic substitution of thiophen is well known, but few homolytic 
reactions with thiophen have been reported. 

Gomberg and Bachmann,”* who prepared various 2-arylthiophens by the Gomberg 
reaction, were interested only in the preparative aspects of the reaction. More recently, 
Ford and McKay ™ qualitatively investigated the decomposition of dibenzoyl peroxide in 
thiophen and isolated 2-benzoyloxythiophen in good yield. They also reported the 
formation of 2-benzylthiophen in the reaction of di-t-butyl peroxide with thiophen in 
toluene. It is evident therefore that thiophen is also very reactive towards free radicals 
because, in general, homolytic benzylation and benzoyloxylation will occur to a great 
extent only in very reactive compounds.®%* Accordingly, thiophen was employed to 
trap any free benzyl radicals formed during the decomposition of di-(9-benzyl-9-fluoreny]l) 
peroxide. The isolation of 2-benzylthiophen is considered to support the conclusion that 
free benzyl radicals are generated in this reaction. It appears that benzylation of thiophen 
takes place exclusively at the 2-position and that the hydrogen displaced by this substitu- 
tion is removed as toluene, probably by abstraction from a o-complex of the type 
postulated * for homolytic arylation. It is noteworthy that in spite of the activity of 
thiophen a small amount of bibenzyl was still formed and that no evidence of substitution 
by the 9-benzylfluoren-9-oxy-radical was obtained. Ford and McKay ™ found no bibenzyl 
in their reaction, but they did not have our advantage of the use of gas-liquid 
chromatography. 

From the decomposition of the peroxide in 4-picoline the main products were again 
fluorenone and bibenzyl. The appreciable amount of 9-benzyl-9-fluorenol also formed 
indicates that the alkoxy-radical (II) is itself capable of abstracting hydrogen from the 
reactive side chain of 4-picoline to give the alcohol and, presumably, a 4-pyridylmethyl 
radical. It has been shown ” that this radical will dimerise to give 1,2-di-4’-pyridylethane 
or will react with a benzyl radical to give the “‘ crossed’ product, 4-phenethylpyridine. 
It is therefore surprising that neither product was detected in our reaction with 4-picoline. 
It is well-known ® 2? that the decomposition of di-t-butyl peroxide in toluene, in substituted 
toluenes, and in the picolines gives rise to free benzyl and free benzyl-type radicals; 
accordingly di-(9-benzyl-9-fluorenyl) peroxide was allowed to decompose in 4-picoline in 
the presence of di-t-butyl peroxide. The isolation, in this instance, of 4-phenethyl- 
pyridine together with 1,2-di-4’-pyridylethane and bibenzyl is considered to be further 
evidence for the existence of free benzyl radicals formed by the decomposition of di-(9- 
benzyl-9-fluorenyl) peroxide. 

In the reaction of di-(9-benzyl-9-fluorenyl) peroxide with NN-dimethylaniline no 
nuclear benzylation was detected and the main reaction appeared to be the normal 
decomposition to give fluorenone and bibenzyl. In addition to these products, N-methyl- 
aniline, 9-benzy]-9-fluoreriol (0-33 mole/mole of peroxide) and bis-(f-dimethylaminopheny])- 
methane (0-36 mole/mole of peroxide) were isolated. These basic products have also been 
isolated from the reaction of dibenzoyl peroxide %® and of cumene hydroperoxide, and 


*® Gomberg and Bachmann, J. Amer. Chem. Soc., 1924, 486, 2339. 
™ Ford and McKay, J., 1957, 4620. 
* Roitt and Waters, J., 1952, 2695. 
ate terete and Blanchard, J. Org. Chem., 1956, 21, 229; Chang-Shih, Hey, and Williams, J., 
, 1871. 
® Johnston and Williams, Chem. and Ind., 1958, 328. 
* Horner and Schwenk, Angew. Chem., 1949, 61, 411. 
* A. Thomas, Ph.D. Thesis, London, 1958, 
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NN-diphenyl-N’-picrylhydrazy] ® with NN-dimethylaniline. Although the mechanisms 
of these reactions are still in doubt it appears that the first step involves bimolecular 
reaction of the peroxide and dimethylaniline to give an intermediate which ultimately 
decomposes to give formaldehyde and N-methylaniline, the aldehyde then reacting with 
NN-dimethylaniline to give the observed bis-(p-dimethylaminophenyl)methane. 

It is noteworthy that, whereas the decompositions of peroxides in NN-dimethylaniline 
are different from those in other solvents, di-(9-benzyl-9-fluorenyl) peroxide appears to be 
an exception, both unimolecular decomposition to give fluorenone and bibenzyl and 
bimolecular reaction with solvent to give bis-(p-dimethylaminophenyl)methane, 9-benzyl- 
9-fluorenol, and N-methylaniline seem to occur simultaneously, although further experi- 
mentation with related peroxides may Q a more subtle interpretation. 


CH,Ph ¢ O-CH,Ph 
CH,Ph 
a‘ 


In all the decompositions of di-(9- al -9-fluorenyl) peroxide reported in this paper, 
small amounts of 9-benzyl-9-benzyloxyfluorene (V) were isolated. In theory this com- 
pound could arise by any of the following routes: (a) intramolecular breakdown of the 
peroxide (reaction i), (b) combination of a benzyl and a 9-benzylfluoren-9-oxy-radical, or 
(c) induced decomposition of the peroxide by benzyl radicals. Although the results of our 
experiments do not permit a decision to be made concerning the genesis of this compound, 
it is considered that the second alternative is least likely. 
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645. The Reactions of Methoxyl Radicals with Alkanes. 
By R. SHAw and A. F. TROTMAN-DICKENSON. 


Methoxyl radicals have been produced in a circulating system by the 
pyrolysis of methyl nitrite and dimethyl peroxide between 200° and 400°. 
From measurements of the rates of disappearance of alkanes, when their 
mixtures with nitric oxide reacted with the methoxyl radicals, the relative 
reactivities of the alkanes have been deduced. It can be seen from the 
results that the methoxyl radical probably has a reactivity similar to that of 
methyl or trifluoromethyl. 


Gray ! has recently reviewed extensively the properties and reactions of alkoxyl radicals. 
Despite the wealth of material available on the subject as a whole, very little is known 
about the kinetics of alkoxyl-radical reactions, expecially those that occur in the gas 
phase. Our object has been to study the hydrogen-abstraction reactions of the simplest 
member of the series. 

The reasons for the indirect approach now employed are best understood in the light 


1 Gray and Williams, Chem. Rev., 1959, 59, 239; Chem. Soc. Special Publ., 1957, No. 9, p. 97; Trans. 
Faraday Soc., 1956, 62, 344; 1959, 55, 408, 760. 
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of the limiting conditions and preliminary investigations. Methoxyl radicals can be 
formed by either photolysis or thermal decomposition. Wijnen? has investigated the 
kinetics of reaction of alkoxy] radicals produced by the photolysis of esters. Unfortunately, 
these systems are complicated because alkyl radicals are produced simultaneously. 
Thermal decomposition of nitrites was thought to yield alkoxyl radicals and nitric oxide, 
which although it contains an unpaired electron does not attack normal molecules. 
Nitrites are more readily available and more stable than symmetrical dialkyl peroxides 
which have the advantage that they only yield alkoxyl radicals. The abstraction of a 


CHs°O + R'H —— CH,°OH + R? ~ ee . oO 


hydrogen atom by a methoxyl radical (reaction 1) yields methanol which can oad be 
estimated by gas chromatography. This provides a means of following the reaction. 
Methoxyl radicals disproportionate to methanol and formaldehyde. The relative concen- 
trations of methoxyl radicals in different runs could therefore be found by analysis for 
formaldehyde. Unfortunately formaldehyde is difficult to handle in a conventional 
vacuum line because of its reactivity and tendency to polymerize. Furthermore it cannot 
be estimated by gas chromatography without special precautions. This approach was 
abandoned when it had been shown that the presence of isobutane during the decom- 
position of methyl nitrite substantially increased the yield of methanol. 

Iodine was next added to the reaction system in order to convert radicals formed in 
reaction (1) into identifiable iodides. A possible advantage was that it should have’ made 
it possible to distinguish between attack on, say, the primary and secondary hydrogen 
atoms in propane by determination of n-propyl and isopropyl iodide produced. Con- 
siderable quantities of alkyl iodides were produced, but it was found that under the 
experimental conditions iodides readily isomerized. 

Finally, the attempt to measure the products of the reaction was abandoned and the 
reactions were followed by measurements of the amounts of reactants consumed. Both 
methyl nitrite and dimethyl peroxide were used as sources. The relative rate constants 
were determined from the equation: 


ky _ log [R*H initia — log [R*H ana 
ky ~~ log [R*H Jinitian — log [R*H] ana 


where k, is the rate constant of reaction (2): 





CHO + RH—t CHOH +R? 6 www ee te @ 


This relation can only be employed if the radicals, R! say, react without re-forming R1H or 
producing R*H. This condition was secured by the addition of nitric oxide. Additional 
nitric oxide was, of course, formed in the pyrolyses of methyl nitrite. The amounts of 
hydrocarbon remaining at the end of the runs were found not to depend on the quantity 
of nitric oxide added. For every pair of hydrocarbons, runs were done with each reactant 
alone to ensure that their partners were not by-products of the methoxyl attack. Although 
R*H was never formed from R!H, it was often difficult to adjust the chromatographic 
conditions so that the by-products from R!H and the decompositions of the sources did 
not interfere with the analysis. 

Table 1 lists the results obtained from the investigation of propane—isobutane mixtures. 
The derived rate constants are plotted in Fig. 1. They do not vary with the amount of 
nitric oxide present or with the relative or total concentrations of the hydrocarbons. The 
results from the runs with dimethyl peroxide are in excellent agreement with those with 
methyl nitrite, though the former are more reproducible. The large quantities of by- 
products formed in the presence of methyl nitrite limit the extent of reaction so that the 
differences between the initial and final hydrocarbon concentrations are small and hence 
more sensitive to analytical errors. Only about 5 molecules of alkane were attacked for 


* Wijnen, J. Chem. Phys., 1958, 28, 939, and earlier papers. 
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TABLE 1. The reaction of methoxyl radicals with propane-isobutane. 


Temp. C,H, (c.c.) 

°K initial 
571 7-345 
571 4-850 
572 7-330 
574 7-474 
578 4-746 
580 4-448 
589 8-786 
595 7-224 
595 8-933 
599 7-369 
624 7-330 
625 8-254 
625 7-899 
659 4-407 
661 8-672 
663 7-925 
664 8-119 
666 8-012 
453 8-314 
453 7-709 
454 3-715 
454 7-778 
493 7-973 
493 4-048 
532 7-964 
533 9-189 
533 4-704 
533 8-788 
562 8-847 
562 3-810 


Fic. 1. Arrhenius plot showing the variation with temperature of the relative rates of attack of methoxyl 
radicals on propane and isobutane. Ratio of propane to isobutane @ 1:1, @ 2:1, @ 1: 2 (source, 


dimethyl peroxide); © 1 


°o > 
@ ° 


log [AC propane) | (isobutan ®| 
9° 


every 100 molecules of methyl nitrite decomposed. Furthermore the by-products 
Consequently, the rate constants obtained with dimethyl 
peroxide are more precise. The results obtained with each pair of hydrocarbons with 
methyl nitrite and dimethyl peroxide are summarized in Tables 2 and 3, respectively. 
The errors calculated by the method of least squares show the considerable scatter of the 
Nevertheless, no trends were observed when the 
conditions were changed, and the mean points for each pair of alkanes at 350° fall as close 
to the Arrhenius plots drawn from the dimethyl peroxide results as do the peroxide points 


complicate the analysis. 


results obtained with methyl nitrite. 





Shaw and Trotman-Dickenson: 


CyHyjp (c.c.) CH, (c.c.) C,H (c.c.) NO (c.c.) 
initial final final initial 
(a) Methyl nitrite source. 
7-168 6-325 6-060 0 
8-245 4-235 6-662 7 
7-743 6-331 6-340 7 
7-532 6-279 6-256 0 
7-532 4-106 6-095 0 
7-785 3-915 6-498 0 
8-584 7-769 7-403 0 
8-106 6-661 7-147 0 
8-366 8-215 7-379 0 
4-737 6-805 4-164 0 
7-743 6-117 6-340 0 
7-807 7-129 6-518 0 
8-206 6-885 6-937 8 
6-797 3-939 6-087 0 
8-060 7-521 6-797 8 
7-949 6-719 6-554 0 
8-002 7-055 6-630 0 
4-403 6-673 3-741 0 
(b) Dimethyl peroxide source. 

7-324 4-093 1-863 14 
3-875 4-395 1-434 14 
7-941 1-600 1-729 11 
7-900 4-088 2-439 14 
8-245 2-878 1-499 14 

11-68 1-397 1-922 16 
7-900 4-771 , 3595 12-5 
8-658 4-742 2-974 12-5 
8-110 2-013 2-013 14 
4-551 3-712 "1-234 12-5 
4-394 5-152 2-057 14 
8-766 1-758 3-020 14 


:1,06 2:1, @ 1: 2 (source, methyl nitrite). 
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0-890 
0-636 
0-791 
0-955 
0-684 
0-705 
0-831 
0-631 
0-668 
0-618 
0-904 
0-815 
0-811 
1-010 
0-835 
0-851 
0-747 
0-968 


0-517 
0-565 
0-553 
0-548 
0-598 
0-589 
0-652 
0-618 
0-609 
0-661 
0-712 
0-726 
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themselves. Results with cyclopropane differ markedly. Since the unreactivity of 
cyclopropane towards the peroxide is in keeping with its behaviour with other radicals, 
it may be that at 350° cyclopropane is removed by reactions in addition to hydrogen 
abstraction. More experiments are needed. 


TABLE 2. Arrhenius parameters and rate constants relative to propane, methyl nitrite 
being used as source of methoxyl radicals between 300° c and 400° c. 


Hydrocarbon Runs log A E k at 250° c 
PLOPANE ....-eeeeeeeereeeeeeeees —_ 0 1-00 
ere. Cree 18 +0-08 + 0-23 +1200 + 700 0-46 
BHBUtane.........ccsccssreresese 5 —0-96 + 0-61 — 3000 + 1700 1-21 
Isobutane .........ccccscseees 18 —0-38 + 0-17 — 1300 + 500 1-24 
Neopentane ..........eeeeees 9 —1-:77 + 0-15 —4700 + 400 0-77 
Cyclopropane .............0004 7 —0-63 + 0-25 —1100 + 700 0-59 


TABLE 3. Arrhenius parameters and rate constants relative to propane, dimethyl 
peroxide being used as source of methoxyl radicals between 200° c and 300° c. 


Hydrocarbon Runs log A E k at 250° c 
PrOPAN€ .....-ceeeeeeeeeeceeerenees _ 0 0 1-00 
DEE... nnncnadedeuenpandoondaeqess 7 +0-24 +1830 0-30 
ED | -cconmegaisbaangdacsiccy 7 —0-75 — 2300 1-61 
PUIEIND . ic coctspnseRchoamdeiddene 12 —0-27 —1110 1-56 
Neopentane  ........seeeeeeeeeres 9 +0-55 +2130 0-46 
Cyclopropane ...........sseseeeeee 2 _ _— 0-17 at 297° c - 


The more accurate results with peroxide show that the variations of the A factors are 
small, as would be expected on theoretical grounds. Probably the experimental errors 
are too great to warrant a detailed comparison of the values with those deduced from 
transition-state theory. It was to be expected that ethane and neopentane would have 
activation energies similar to, and greater than, those of propane for hydrogen abstraction, 
as they only contain primary hydrogen atoms. n-Butane was expected to have a slightly 
lower activation energy than propane but not lower than isobutane. The results are 
probably not sufficiently accurate for these comparisons either, so discussion may most 
profitably be focussed on the rate constants, at 250°, relative to that for attack on propane, 
which were directly determined. The relative rate constant for attack on a single hydrogen 
atom in ethane is 0-30/6 = 0-050, and in neopentane is 0-46/12 = 0-038, giving a mean of 
0-044. Hence, if all primary hydrogens have the mean reactivity, secondary hydrogen 
atoms have specific rate constants of 0-37 (propane) and 0-34 (n-butane), and tertiary hydro- 
gen atoms of 1-16 (isobutane). It is likely that this last figure is an underestimate as the 
primary hydrogens in isobutane probably resemble those in neopentane more than those 
in ethane. If the primary atoms in isobutane have relative rate constants of 0-40, then 
the tertiary constant should be 1-20. These rate constants are in the ratio 1: 8: 27, for 
primary, secondary, and tertiary hydrogens, respectively. These reactivities are compared 
in Table 4 with those found for other radicals in the gas phase. The reactivities for each 
radical increase as the C-H bond attacked becomes weaker, as might have been expected 
on general grounds. Also in line with expectations is the observation that the differences 
between the relative reactivities of the C-H bonds increase with decreasing reactivity of 
the attacking radical. The reactivity of the radical X can conveniently be correlated 
with the activation energy of its attack on ethane (column 7), which roughly follows the 
order of the strength of the X-H bond that is formed. On the other hand, the figures can 
also be used, along with others, to show that bond strength is not of overwhelming impor- 
tance in determining activation energies.® 

Consideration of the activation energies for the attack of the various radicals on ethane 
Suggests that the value for methoxyl should be about 9 kcal. mole. The only activation 
energy reported for the abstraction of a hydrogen atom by methoxy] is the reaction with 


* Trotman-Dickenson, ‘‘ Free Radicals,’’ Methuen, London, 1959. 




























































Shaw and Trotman-Dickenson: 


TABLE 4. Relative rate constants for X +- RH —» XH + R. 





Temp. Rate constant 

Radical, R Me Prim. Sec. Tert. E (ethane) D(X-H) Note 
D(R-H)............ 102-5 96-9 93-2 90-0 a 

Radical, X 
Bi peRictecdedcseseee 25 0-8 1 1-2 1-4 0-3 134 b 
OF Aathisercoseqcpes 250 0-03 1 3 3 1-0 103 c 
HO,, RO,,orOH 350 <0-07 1 + ll —- == d 
Cig © eisedasctoccoes 182 0-08 1 6 36 7-5 102 e 
II birehcecceceses 250 — 1 8 27 — 102 f 
BED Wi ciancieecscoeses 182 0-04 1 7 50 ll 102-5 g 
BP Watbdbedesicoovess 98 0-002 1 250 6300 13-4 86 h 


All energies are in kcal. mole“. 


a Fettis and Trotman-Dickenson, ]. Amer. Chem. Soc., 1959, 81, 5260. b Fettis and Trotman- 
Dickenson, J., 1960, 1064. c Knoxand Nelson, Trans. Faraday Soc., 1959, 55, 937; Pritchard, Pyke, 
and Trotman-Dickenson, J. Amer. Chem. Soc., 1955, 77, 2629. d Knox, Smith, and Trotman. 
Dickenson, Trans. Faraday Soc., 1958, 54, 1509; ‘‘ Seventh Symposium on Combustion,’ Butter- 
worths, London, 1959, p. 126; Falconer, Knox, and Trotman-Dickenson, unpublished results, 
e Ayscough, Polanyi, and Steacie, Canad. J. Chem., 1955, 38, 743; Ayscough and Steacie, ibid., 1956, 
34, 103; Ayscough, J. Chem. Phys., 1956, 24, 944; Pritchard, Pritchard, Schiff, and Trotman-Dicken- 
son, Trans. Faraday Soc., 1956, 52, 849. f This work; D(MeO-H) is higher than the value adopted 
by Gray, who appears to have based his calculation on an old value for the heat of formation of methyl 
nitrite which he now considers incorrect. g Trotman-Dickenson, “‘ Gas Kinetics,”” Butterworths, 
London, 1955. h Kistiakowsky and Van Artsdalen, J]. Chem. Phys., 1944, 12, 469; Anson, Fredricks, 
and Tedder, J., 1959, 918; Fettis and Trotman-Dickenson, J. Amer. Chem. Soc., 1959, 81, 5260. 


methyl acetate. Wijnen* deduced a value of about 4-5 kcal. mole'. This may bea 
considerable underestimate. The rate constants were obtained from the experimental 
results by different methods above and below 150°. Considerable reliance must have been 
placed on the observation that the point for 177° appears to lie on the line of points for 
63°, 92°, and 143°. The point for 217° which would give a higher activation energy is 
neglected. The point for 177° only lies on the line because it has been taken as the mean 
of runs 51 and 53. Run 52 yields a much higher value and would considerably raise the 
point if it were included in the average. Accordingly the activation energy is not yet 
established and a value of, say, 7 or 8 kcal. mole which would be in keeping with a value 
of 9 kcal. mole for ethane is not ruled out. 


EXPERIMENTAL 
Methyl nitrite. This was prepared from methanol and nitrous acid and fractionated in a 
low-temperature still. It was stored in a bulb painted black; no decomposition could be 
detected during one month. The decomposition of the pure substance was followed by measure- 
ment of pressure changes. Good first-order plots were obtained, corresponding to the formation 
of two molecules of products from each molecule of reactant up to 90% decomposition. The 
rate constants obtained were: 


k = 3-5 x 10% sec.! at 212°; 1-7 x 10°? sec.*! at 233°. 


These rate constants are almost exactly one half Steacie and Shaw’s values.’ The latter 
agree well with the rate constant at 200° which we have deduced from Carter and Travers’s* 
determinations of the rate of formation of nitric oxide in the decomposition. Gas-chromato- 
graphic analysis of the products showed that, contrary to the mechanism suggested by Steacie 
and Shaw, methanol only formed a small proportion of the final products. More methyl 
formate and dimethoxymethane, and an equal amount of an unidentified substance were produced. 
The unknown substance was eluted between dimethoxymethane and methanol from a column 
of Celite—diethyl phthalate-glycerol in the ratio 40: 10: 1, at room temperature. Furthermore, 
considerable quantities of nitrous oxide were formed. The apparent agreement with Carter 
and Travers’s work therefore casts doubt on the reliability of the rate constants rather than 
supports them. No explanation for the discrepancies can be suggested. None of the subsequent 
« Wijnen, J. Chem. Phys., 1957, 27, 710. 


5 Steacie and Shaw, Proc. Roy. Soc., 1934, A, 146, 388. 
* Carter and Travers, Proc. Roy. Soc., 1937, A, 158, 495. 
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work was based on the value of the rate constant or upon the precise nature of the products 
formed. Different apparatus was employed for the study of the transfer reactions, so that 
it is unlikely that common systematic errors occur. None of the uncertainties about the 
decomposition of methyl] nitrite invalidate the present conclusions. 

Dimethyl peroxide. This was prepared, 0-05 mole at a time, by Hanst and Calvert's’ 
method and stored in a blackened bulb in which no appreciable decomposition occurred during 
one month. 

Hydrocarbons. These were normal commercial samples except for the neopentane which 
was supplied by the National Chemical Laboratory. The only impurities that could be 
detected by gas chromatography were ethylene (1-2%) in the ethane and isobutane (0-5%) in 
the propane. Suitable corrections were applied. 


Fic. 2. The flow system. 








Nitric oxide. This was prepared by the reaction of sodium nitrite with potassium iodide 
in the presence of hydrochloric acid.® 

The reaction system (Figure 2). Appropriate amounts of the hydrocarbons were measured 
in the gas burette A and injected into the circulating system where they were mixed with 
nitric oxide admitted through tap B to a pressure measured on the manometer C. The gases 
were circulated by the automatic Toepler pump D protected by the anti-splash device E. The 
pump ® displaced 45 c.c. at each stroke of 25 cm. with a period of 7 sec. Before the gases 
reached the reaction vessel F, contained in an electric furnace, they passed the capillary leak G 
through which the methoxyl source was bled. The capillary H controlled the residence time 
of the gases in the reaction zone, from which they flowed into the adjustable buffer volume I. 
The circuit was completed by the trap J which was normally cooled in a carbon dioxide bath 
to reduce the concentration of involatile by-products. At the end of the run the source leak 
was shut off and liquid oxygen placed round the chromatography trap K; the gases were 
circulated until the condensation was complete. 

Chromatography. The chromatography system was of the conventional Janak design. 
The columns employed were as follows. 

Methyl nitrite source: Ethane—propane—300 cm. of activated alumina (25/52 mesh), 13°. 
Propane-n-butane, propane—neopentane, and propane-cyclopropane—split columns, each 75 
cm. of activated alumina (25/52 mesh), 20°. Propane—isobutane—300 cm. of alumina (25/52 
mesh)-1% squalane, 20°. 

Dimethyl peroxide source: Ethane—propane—150 cm. of alumina (25/52 mesh)-1% 
squalane, 20°; 20 cm. of activated charcoal (25/32 mesh), 78°. Propane-n-butane, propane- 
neopentane, and propane—cyclopropane—75 cm. of alumina (25/52 mesh)-1% squalane, 20°. 
Propane—isobutane—split columns, each 75 cm. of alumina (25/52 mesh)-1% squalane, 20°. 


We are indebted to the Institute of Petroleum for a grant. 


CHEMISTRY DEPARTMENT, UNIVERSITY OF EDINBURGH, 
West Mains Roap, EDINBURGH, 9. [Received, December 28th, 1959.) 


7 Hanst and Calvert, J. Phys. Chem., 1959, 68, 104. 
§ Miller and Steacie, J. Chem. Phys., 1951, 19, 73. 
* Maass, J. Amer. Chem. Soc., 1919, 41, 53. 
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646. Polycyclic Cinnoline Derivatives. Part III.* The Synthesis of 
the 4,5,9,10-T'etra-azapyrene Ring System and Some Non-planar 
Benzo[c|cinnolines. 

By P. F. Hott and A. N. HuGHEs. 


A 4,5,9,10-tetrazapyrene di-N-oxide has been prepared but attempts 
to prepare 4,5-diazapyrene failed. Several new non-planar_ 1,10-di- 
substituted benzo[c]cinnolines are described. 


MOLECULAR models suggest that the benzo[c]cinnoline (I) molecule is planar but that it 
becomes non-planar when substituted in the 1- and the 10-position. The non-planarity 
of 4,7-diamino-1,10-dimethylbenzo[c]cinnoline has been established by its resolution into 
optical isomers.! It is probably because of the non-planarity of 1,10-disubstituted benzo- 
[c)cinnoline intermediates that attempts to prepare the 4,5,9,10-tetra-azapyrene (II) ring 
system have previously failed. No attempts to prepare 4,5-diazapyrene (III) appear to 
have been reported. 





oO 
(II) (111) (IV) (V) 


The azo-group of the pyridazine ring in polycyclic cinnoline derivatives is usually 
formed by the reduction of suitably placed nitro-groups, but pyridazine rings are not 
formed when 2,6,2’,6’-tetranitrobiphenyl is reduced. Ruby,? as well as Braithwaite, 
Holt, and Hughes* who extensively investigated the reduction of 2,6,2’,6’-tetranitro- 
biphenyl and its 4,4’-dicarboxylic acid using twelve different reducing agents, produced 
only insoluble and unidentified substances or, in two cases, a diaminodinitrobiphenyl. 

As the difficulty in forming the 4,5,9,10-tetra-azapyrene ring system appeared to be due 
to steric factors, we attempted a synthesis via 2,2’-diamino-6,6’-dinitrobiphenyl and 1,10- 
diaminobenzo[c]cinnoline which reduced steric effects to a minimum. 

2,2’-Diamino-6,6’-dinitrobiphenyl was prepared by the reaction of 6,6’-dinitrobiphenyl- 
2,2’-dicarboxyamide with sodium hypobromite. It proved to be identical with a diamino- 
dinitrobiphenyl obtained by the reduction of 2,6,2’,6’-tetranitrobiphenyl with aqueous 
alcoholic sodium polysulphide,® the constitution of which was in doubt. 

2,2’-Diamino-6,6’-dinitrobiphenyl reacts abnormally with most reducing agents. 
Sodium sulphide in aqueous ethanol, which normally converts 0o’-dinitrobiphenyls into 
the corresponding cinnoline N-oxides, is ineffective. Zinc dust and aqueous-alcoholic 
potassium hydroxide which normally give a benzo{c]cinnoline, or its oxide or dioxide, give 
a low yield of an unidentified compound, m. p. 86—92°. Sodium amalgam and methanol 
usually convert 0o’-dinitrobiaryls into polycyclic cinnoline derivatives but in this case 
give 2,6,2’,6’-tetra-aminobiphenyl. Lithium aluminium hydride behaves normally, 
reducing 2,2’-diamino-6,6’-dinitrobiphenyl to 1,10-diaminobenzo{c]cinnoline. 

The unusual behaviour of 2,2’-diamino-6,6’-dinitrobiphenyl towards reducing agents 


* Part II, J., 1959, 3025. 
1 Theilacker and Baxmann, Amnalen, 1953, 581, 117. 

* Ruby, University Microfilm, Ann Arbor, Michigan, 1853. 
* Braithwaite, Holt, and Hughes, J., 1958, 4073. 
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js difficult to explain since the steric effects are similar to those in 2,2’-dimethyl-6,6’- 
dinitrobiphenyl and the electronic effects are similar to those in 4,4’-diamino-2,2’-dinitro- 
biphenyl, both of which are reduced to the cinnoline or its oxide.* 

1,10-Diaminobenzo{c]cinnoline is oxidised by peracetic acid to an orange compound 
having the empirical formula of a tetra-azapyrene dioxide, C,,H,O,N,. This could be 
either a di-N-oxide of 4,5,9,10-tetra-azapyrene in which the oxygen atoms are on different 
aza-atoms, or 1,10-dinitrosobenzo[c]cinnoline which may also be regarded as 4,5,9,10- 
tetra-azapyrene 4,5-dioxide (IV) owing to the tendency of nitroso-compounds to dimerise 
(cf. Ross and Kuntz ®). The new compound is almost certainly 4,5,9,10-tetra-azapyrene 
4,9(?10)-dioxide for the following reasons. 

(1) Peracetic acid normally oxidises primary aromatic amines to azo- or azoxy-com- 
pounds.*’ For example, aniline usually yields 85% of azoxy- and 15% of nitro-benzene ad 
although mixtures of azoxy- and nitroso-benzene containing up to 57% of the nitroso- 
compound may be formed under some conditions.’ In 1,10-diaminobenzoj[c]cinnoline 
the mutual proximity of the amino-groups would favour the formation of an intra- 
molecular azoxy-link. Badger and Walker ® used a similar method to form a polycyclic 
cinnoline derivative. They oxidised 1-o-aminophenyl-2-naphthylamine to dibenzo- 
(c,f|cinnoline (V) with ammonium persulphate in sulphuric acid. 

Fic. 2. Absorption spectra of: A, benzo- 
Fic. 1. Absorption spectra of: A, pyrene in ethanol;™ B, (c]cinnoline; B, benzo[c]cinnoline 5- 


4,5,9,10-tetra-azapyrene dioxide in (210—260 my) ethanol oxide in hexane. 
and (260—440 my) dioxan; C, reduction product of the 
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(2) Polycyclic cinnoline derivatives form N-oxides on oxidation with peracetic acid,®® 
but no example of the further oxidation of an N-oxide of a polycyclic cinnoline derivative 
to an NN’-dioxide has been reported. Hence it is likely that, once oxidation of the amino- 
groups of 1,10-diaminobenzo[c]cinnoline has occurred, further oxidation will follow giving 
4,5,9,10-tetra-azapyrene 4,9(?10)-dioxide. The 4,9-dioxide is the more likely since the 
induced charges on the nitrogen atoms are further apart. 

(3) The ultraviolet absorption spectrum of the new compound, compared with that of 
pyrene © in Fig. 1, is consistent with that to be expected from a 4,5,9,10-tetra-azapyrene 

* Kenner and Stubbings, J., 1921, 593; Sako, Bull. Chem. Soc. Japan, 1934, 9, 393; Tauber, Ber., 
1891, 24, 3081. 

5 Ross and Kuntz, J. Amer. Chem. Soc., 1952, '74, 1297. 

* Greenspan, Ind. Eng. Chem., 1947, 39, 847. 

7 D’Ans and Kneip, Ber., 1915, 48, 1144. 

* Badger and Walker, J., 1956, 122. 

M Braithwaite and Holt, J., 1959, 3025; Corbett, personal communication; Hughes, unpublished 
work. 


10 Friedel and Orchin, “ Ultraviolet Spectra of Aromatic Compounds,” John Wiley, 1951, spectrum 
no. 472. 
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derivative. The spectra of aromatic aza-hydrocarbons are similar to those of their 
carbocyclic analogues except that there is some loss of fine structure and an increase jn 
intensity of the longest-wavelength absorption band. Where there are more than two 
nitrogen atoms in the ring system, a hypsochromic shift in the spectrum, particularly at 
the shorter wavelengths, may result.12 The absorption curves for benzo{c]cinnoline and 
its 5-oxide in hexane (Fig. 2) show that N-oxidation further increases the intensity of the 
band of longest wavelength, leads to a partial merging of the two longest-wavelength 
bands, and produces a bathochromic shift. 

All these effects are observed in the spectrum of the new compound which is similar 
is shape to that of pyrene: fine structure is almost absent, log « of the longest wavelength 
band is increased from 2-6—2-9 to about 4-2, the shortest wavelength absorption peak is 
moved hypsochromically from 241 to 223 my, and the two longest-wavelength bands 
appear to have merged. 

In view of this evidence it is reasonable to suppose that the new compound is 4,5,9,10- 
tetra-azapyrene 4,9(?10)-dioxide. 

Reduction of the dioxide with stannous chloride_and hydrochloric acid yielded a small 
quantity of a dark red powder, insufficient of which was obtained for analysis. The 
spectrum of this compound is recorded in Fig. 1. The compound was insoluble in the 
usual solvents and so slightly soluble in acetic acid that the concentration could not be 
accurately determined and the values for log « are almost certainly low. Similarities and 
the expected variations between this curve and that of pyrene are apparent but it is 
impossible to say with certainty that the compound was 4,5,9,10-tetra-azapyrene. 

No example has been found in the literature of the analogous ring system 4,5-diaza- 
pyrene (III) and our attempts to synthesise it were unsuccessful. However, several new 
1,10-disubstituted benzo[c]cinnolines which are more distorted than 1,10-diaminobenzo- 
[cjcinnoline occurred as intermediates in the attempted synthesis. An attempt to 

0-CH,! synthesise a dihydro-4,5-diazapyrene was made by a method similar 
HC J°1 , to that used by Hall and Turner * for the preparation of 9,10-dihydro- 
phenanthrene. This involved the reduction of dimethyl 6,6’-dinitro- 
biphenate to 1,10-bishydroxymethylbenzo{c]cinnoline with the object of 
converting this into 1,10-bisbromomethylbenzo[c|cinnoline and thence 
into 9,10-dihydro-4,5-diazapyrene. 1,10-Bishydroxymethylbenzof{c]- 
cinnoline was prepared but with hydrobromic acid or phosphorus tr- 
bromide yielded, instead of the bromo-compound, a cyclic ether (VI). 
In this compound the ether group bridging the 1- and the 10-positions in the benzo{c]cinnoline 
is under strain and molecular models (Courtauld) indicate that the molecule can be either 
planar or non-planar. 

The strained nature of the compound suggested that it might be dehydrated to give 
4,5-diazapyrene. It was unaffected, however, by hot concentrated sulphuric acid or by 
a hot solution of phosphorus pentoxide in phosphoric acid. Molten aluminium chloride 
converted the cyclic ether into a brown polymeric substance. 

When heated at 200° for several hours with hydrobromic acid in an attempt to prevent 
the formation of an ether link, the bishydroxymethylbenzo[c]cinnoline gave a black, 
infusible polymer, similar to the polyazo-compounds described by Braithwaite, Holt, 
and Hughes.* With hydriodic acid, the cyclic ether (VI) gave a tar. 

Although 1,10-bishydroxymethylbenzo[c]cinnoline could not be converted into the 
bisbromomethyl compound, it was converted by thionyl chloride into 1-chloromethyl-10- 
hydroxymethyl- and then into 1,10-bischloromethyl-benzo{c|cinnoline. Treatment of 
the latter product in boiling toluene with molten sodium gave, not the expected 9,10- 
dihydro-4,5-diazapyrene, but a mixture of coloured polymers which was slightly soluble 





6 5 
(VI) 


11 Badger, Pearce, and Pettit, J., 1951, 3199. 
12 Leese and Rydon, /., 1955, 303. 
18 Hall and Turner, Nature, 1949, 168, 537. 
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jn alcohol. It is likely that in this reaction the sodium adds across the azo-group, the 
resulting disodio-derivative reacting with the chlorine atoms in other molecules to give 


a polymer. 


EXPERIMENTAL 


Methyl 2-Iodo-3-nitrobenzoate.—2-lodo-3-nitrobenzoic acid (50 g.) was heated under reflux 
(14 hr.) in dry methanol (1 1.) saturated with hydrogen chloride. The solution was left for 
crystallisation. Methyl 2-iodo-3-nitrobenzoate (51 g.; m. p. 62—64°) was obtained as bright 
yellow needles (Found: C, 31-3; H, 2-2; N, 4-9; I, 41-4. C,H,INO, requires C, 31-3; H, 2-0; 
N, 4:6; I, 41-4%). 

Dimethyl 6,6’-Dinitrobiphenate——Methyl 2-iodo-3-nitrobenzoate (20 g.) was treated at 
160—170° during 25 min. with activated copper bronze (17 g.). The temperature was then 
slowly raised over 15 min. and kept at 210—220° for a further 30 min. with constant stirring. 
After cooling, the mixture was extracted with benzene (3 x 250 ml.). The resulting dark 
brown solution was boiled with charcoal, filtered, and evaporated. Pale yellow crystals of 
dimethyl 6,6’-dinitrobiphenate (m. p. 125—128°; lit.“ m. p. 129°) were obtained. This 
product was pure enough for the next stage. 

2,2’-Diamido-6,6’-dinitrobiphenyl_—Dimethyl 6,6’-dinitrobiphenate was hydrolysed to 
6,6’-dinitrobiphenic acid by the method of Ingersol and Little. A 94% yield of the acid was 
obtained (m. p. 255—258°; lit.,44m. p. 259°). 

6,6’-Dinitrobiphenic acid (10 g.) was heated under reflux with thionyl chloride (60 ml.) 
until all the acid had dissolved (ca. 34 hr.). The excess of thionyl chloride was removed by 
distillation and the remainder of the mixture was slowly added to aqueous ammonia (d 0-880). 
The flocculent cream-coloured precipitate was collected, washed with water, and dried at 100°. 
The diamide was obtained as a cream-coloured powder (9-0 g.), m. p. 268—272° (lit.,4 m. p. 

76°). 

2,2’-Diamino-6,6’-dinitrobiphenyl.—The preceding diamide (10-8 g.) was slowly added to an 
ice-cold solution of sodium hypobromite prepared by dissolving bromine (4 ml.) in aqueous 
sodium hydroxide (13 g. in 136 ml.)._ The ice-cold solution was stirred for 10 min., then filtered, 
and the temperature was raised to 80—90° for 10 min. The solution was then filtered and 
poured into concentrated aqueous ammonium chloride. The resulting brown precipitate 
recrystallised from alcohol to give orange 2,2’-diamino-6,6'-dinitrobiphenyl (4-26 g.), m. p. 
242—244° (Found: C, 52-6; H, 3-8; N, 20-2. ‘C,,H,)9N,O, requires C, 52-7; H, 3-8; N, 20-4%). 
Deviation from these conditions seriously reduces the yield. 

Reduction of 2,2’-Diamino-6,6’-dinitrobiphenyl_—(a) With zinc and aqueous-alcoholic 
potassium hydroxide. 2,2’-Diamino-6,6’-dinitrobiphenyl (0-4 g.) in boiling 90% alcohol was 
treated with aqueous potassium hydroxide (5 g.) and zinc dust (10 g.). The solution was 
boiled for 25 min., filtered, evaporated, and poured into concentrated aqueous sodium 
hydroxide (200 ml.). The resulting tar was dissolved in ethanol and filtered through alumina. 
The solution was concentrated and fine maroon needles of an unidentified substance (56 mg. ; 
m, p. 86—92°) were isolated. Recrystallisation did not raise the m. p. and chromatography 
in alcohol on alumina gave a single band which yielded the unknown substance (Found: C, 63-2; 
H, 5-0; N, 20-3. The expected cinnoline requires C, 68-6; H, 4:8; N, 26-7%). 

(b) With sodium amalgam and methanol. To 2,2’-diamino-6,6’-dinitrobiphenyl (0-4 g.) in 
dry methanol (400 ml.) was slowly added 3% sodium amalgam (100 g.) with vigorous stirring. 
The mixture was cooled in ice and set aside. After 4 hr. the solution was filtered, treated with 
water, and concentrated. The resulting crystals were dissolved in alcohol, the solution was 
boiled with charcoal, filtered, and evaporated to give 2,6,2’,6’-tetra-aminobiphenyl (0-21 g.) as 
colourless needles, m. p. 192—194° (lit.,3 m. p. 198°). 

(c) With lithium aluminium hydride. To 2,2’-diamino-6,6’-dinitrobiphenyl (0-5 g.) in dry 
ether (1 1.) was added ethereal lithium aluminium hydride (2 g. in 100 ml.). The mixture was 
heated under reflux for 1 hr. The excess of hydride was decomposed with water, and the 
mixture was filtered. The filtrate,was shaken with 20% hydrochloric acid, and the acid layer 
was basified with dilute aqueous potassium hydroxide. The crystals obtained were recrystal- 
lised from alcohol to give golden needles (160 mg.) of 1,10-diaminobenzo[c]cinnoline, m. p. 
217—221° (Found: C, 68-3; H, 4-8; N, 26-7. C,,H,N, requires C, 68-6; H, 4-8; N, 26-7%). 


™ Ingersol and Little, J. Amer. Chem. Soc., 1934, 56, 2124. 
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(d) Aqueous-alcoholic sodium sulphide. Saturated aqueous sodium sulphide (1 g.) did not 
affect 2,2’-diamino-6,6’-dinitrobiphenyl (0-5 g.) in boiling 90% ethanol (250 ml.). 

4,5,9,10-Tetra-azapyrene 4,9(?10)-Dioxide.—To 1,10-diaminobenzo{c]cinnoline (160 mg.) in 
acetic acid were added 15 ml. of a solution of 85% hydrogen peroxide (6 ml.) in acetic aciq 
(19 ml.). The dark solution obtained was heated on a water-bath until it became orange. 
yellow (ca. 14 hr.) and then evaporated. The orange precipitate formed was recrystallised 
from hot dimethylformamide, to give orange needles of 4,5,9,10-tetra-azapyrene 4,9(?10)- 
dioxide (110 mg.), decomp. >270° (Found: C, 60-1; H, 2-5; N, 23-5. C,,H,N,O, requires C, 
60-5; H, 2-5; N, 23-5%). 

Reduction of 4,5,9,10-Tetra-azapyrene 4,9(?10)-Dioxide.—The dioxide (40 mg.) in concen- 
trated hydrochloric acid (10 ml.) was treated with the theoretical quantity of stannous chloride, 
The mixture immediately became deep blue, indicating the formation of a 1,10-diaminobenzo- 
{c]cinnoline derivative. The mixture was heated on a water-bath for 30 min. and poured into 
an excess of aqueous sodium hydroxide. The dark red precipitate thus obtained was dissolved 
in alcohol and filtered through alumina. On concentration the filtrate yielded a red-brown 
powder (2-5 mg.) which decomposed above 250°. 

1,10-Bishydroxymethylbenzo[c)cinnoline—Dimethyl 6,6’-dinitrobiphenate (2 g.) in dry 
benzene (200 ml.) and dry ether (500 ml.) was treated with lithium aluminium hydride (1-25 g) 
in ether (120 ml.). The mixture was heated under reflux for 20 min. and the excess of hydride 
was decomposed with water. The mixture was filtered and concentrated, yielding fine yellow 
crystals. These were filtered in acetone through alumina, and allowed to recrystallise, 
Bright yellow needles (m. p. 227—230-5°) of 1,10-bishydroxymethylbenzo[c]cinnoline (0-18 g.) 
were obtained (Found: C, 70-0; H, 4:9; N, 11-5. C,,H,,.N,O, requires C, 70-0; H, 5-0; 
N, 11-7%). 

On treatment with methyl iodide in hot nitromethane this compound forms a methiodide, 
m. p. 160° (decomp.) (Found: C, 47-1; H, 4-1; N, 7-6; I, 32-9. C,,;H,,IN,O, requires C, 47-2; 
H, 39; N, 7:3; I, 33-2%). 

Action of Hydrobromic Acid on 1,10- Cee eee a a eee —The alcohol (0-14g,) 
in 60% hydrobromic acid (10 ml.) was heated at ca. 75° for 30 min. The solution was left 
overnight and then poured into dilute aqueous sodium hydroxide. The pale yellow flocculent 
precipitate was washed with water, dissolved in acetone, and filtered through alumina. The 
filtrate yielded pale yellow needles (89 mg.) of 9,11-dihydro-10-0xa-4,5-diazacycloheptajde}- 
phenanthrene, m. p. 171—172° (Found: C, 75-0; H, 4-6; N, 12-9. C,,H,)N,O requires C, 75-6; 
H, 4:5; N, 12-6%). 

If the reaction is carried out at 200° for 16 hr. a black, infusible, insoluble polymer is obtained 
(Found: C, 76-6; H, 3:2; N, 8-7%; Br, 0). 

On treatment with 80% hydrogen peroxide in acetic acid the cyclic ether forms an N-oxide, 
m. p. 224—226° (Found: C, 70-1; H, 4:1; N, 11-8. C,H )N,O, requires C, 70-6; H, 42; 
N, 11-8%), and with methyl iodide in hot nitromethane a methiodide, m. p. 185—-188° (Found: 
C, 49-6; H, 3-7; N, 7-8; I, 35-2. C,;H,,IN,O requires C, 49-4; H, 3-6; N, 7-7; I, 349%). 

1-Chloromethyl-10-hydvoxymethylbenzo[c]|cinnoline and _ 1,10-Bischloromethylbenzo[c]cinnol- 
ine.—The bishydroxymethylbenzo[c]cinnoline (115 mg.) was dissolved in thionyl chloride (3 ml.). 
After effervescence had ceased the solution was heated under reflux for 10 min. and then added 
slowly to dilute aqueous potassium hydroxide. The resulting precipitate was washed with 
water, dissolved in acetone, and filtered through alumina. The filtrate was concentrated and 
water was added until crystallisation commenced. Greenish-yellow crystals (68 mg.) of 
1-chloromethyl-10-hydroxymethylbenzo[c]cinnoline, m. p. 131—133° (decomp.), were obtained 
(Found: C, 65-8; H, 4:3; N, 10-7; Cl, 13-6. C,,H,,CIN,O requires C, 65-0; H, 4:3; N, 10-8; 
Cl, 13-7%). 

When the reaction time was extended to 2 hr., 1,10-bischloromethylbenzo[c]cinnoline, m. p. 
171° (decomp.), was obtained as yellow needles (from acetone) (57-5% yield) (Found: C, 61-0; 
H, 3-7; N, 10-1; Cl, 25-4. C,,H,,Cl,N, requires C, 60-7; H, 3-6; N, 10-1; Cl, 25-6%). 

Wurtz Reaction of 1,10-Bischloromethylbenzo[c]cinnoline.—Sodium (0-4 g.) was melted in 
boiling dry toluene (30 ml.) under nitrogen. To the stirred mixture was slowly (15 min.) added 
1,10-bischloromethylbenzo[c]cinnoline (0-3 g.) in dry toluene (50 ml.). The mixture was then 
heated under reflux for 30 min., cooled, and filtered to remove sodium and some black material. 
The solution was concentrated and filtered through alumina. It gave a series of ill-defined 
bands which ranged from orange to dark brown. The column was eluted with alcohol. On 
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evaporation, the eluate gave only a brown sticky polymeric material. The solid was re- 
dissolved in alcohol, boiled with charcoal, filtered, and concentrated but no crystalline product 
was isolated. 

Ultraviolet absorption spectra were determined with a Unicam S.P. 500 spectrophotometer. 


Stock, Williams, and Pinchtin. 
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647. The Polarography of Quinoline Derivatives. Part VII.* The 
Reduction Waves of Quinoline-3-, -5-, -6-, and -7-carboxylic Acids. 
By Joun T. Stock, T. R. WiLtiams, and (in part) F. J. PINcHIN. 


The polarography of quinoline-3-, -5-, -6-, and -7-carboxylic acid in 
buffered solutions of constant ionic strength, covering the approximate 
pH range 2—12, and in 0-1m-sodium hydroxide, has been examined. In 
general, the behaviour of these acids resembles that of the other three 
isomers. Except for quinoline-6-carboxylic acid, the order of increasing 
(negative) half-wave potentials in strongly alkaline solution of the seven 
isomers approximates closely to the order of increasing electron densities 
at the carbon atoms at which the substituent is attached. 


TuE polarographic behaviour of quinoline-2- and -8-carboxylic acid in buffered solutions 
has been studied by Stock,)}? and Casimir and Lyons * have examined the 4-isomer. The 
behaviour of quinoline-2-carboxylic acid in solutions of low buffer capacity at an electrode 
of short drop-time has also been described.* Preliminary observations concerning the 6- 
and the 7-isomer have been reported. The present work completes the examination of 
all seven of the quinolinemonocarboxylic acids. As in previous studies, deoxygenated 
well-buffered solutions covering a pH range of about 2—12 were used. In the present case, 
however, the solutions were of higher but constant ionic strength. The behaviour in 
0-Im-sodium hydroxide (‘‘ pH 13’) was also examined. 


EXPERIMENTAL 

Apparatus.—Current-voltage curves at 25° + 0-1° were obtained with a Leeds and Northrup 
Type E Electrochemograph, operated without damping. Data for wave analysis and deter- 
mination of half-wave potentials were obtained by manual operation. The polarographic cell, 
teference electrode, coulometric apparatus, and general technique were as used previously.® 
On open circuit in 0-1M-potassium chloride at 25°, the characteristics of the dropping-mercury 
electrodes were (A) m = 1-752 mg. sec.1, ¢ = 3-88 sec, and (B) m = 1-622 mg. sec.}, ¢ = 3-97 
sec. Electrode (A) was used with quinoline-6-carboxylic acid solutions, those of the other 
three isomers being examined with electrode (B). 

All potentials are with reference to the saturated calomel electrode at 25° and are corrected 
for iR drop. 

Reagents.—Quinoline-3-carboxylic acid, m. p. 273° (lit., 275°,7 270—272° *), was prepared 
from 3-bromoquinoline.* Quinoline-5-carboxylic acid, m. p. 338—339° (lit.,® 342°), was 
synthesized by the method of Bradford, Elliott, and Rowe.® Quinoline-6-carboxylic acid, m. p. 


* Part V, J.,1949, 2470; Metallurgia, 1949, 40, 179, 229, is regarded as being Part VI of this work. 


1 Stock, J., 1944, 427. 

* Stock, J., 1949,763. 

* Casimir and Lyons, J., 1950, 783. 
* Wenger, Monnier, and Epars, Helv. Chim. Acta, 1952, 35, 561. 
* Pinchin and Stock, Chem. and Ind., 1953, 1204; 1954, 347. 

* Stock, J., 1957, 4532. 

? Mills and Watson, J., 1910, 97, 71. 

® Gilman and Spatz, J. Amer. Chem. Soc., 1940, 62, 446. 

* Bradford, Elliott, and Rowe, J., 1947, 437. 
















































































3222 Stock, Williams, and Pinchin: 


291° (lit.,2 291°) (Found: C, 69-3; H, 4:1; N, 8-3. Calc. for C,JH,O,N: C, 69-3; H, 41; 
N, 81%), and quinoline-7-carboxylic acid, m. p. 251—252° (lit.,° 251°) (Found: C, 69-1; H, 
4-1%), were obtained by the dichromate oxidation of the corresponding methylquinolines."412 
A second sample of quinoline-6-carboxylic acid (Distillation Products Corpn.), washed with 
water and dried in vacuo, gave polarographic waves indistinguishable from those of the first 
sample and was used in the greater part of the work with this acid. 

Buffer solutions of ionic strength 0-5* were checked polarographically for absence of 
reducible impurities. 

Preparation of Solutions.—The low solubilities of the above four quinolinemonocarboxylic 
acids and of their sodium salts precluded the use of stock solutions. For each run, the appro- 
priate acid was therefore weighed directly into the buffer solution contained in the polaro- 
graphic cell and dissolved by passage of nitrogen through the solution. Except in current- 
concentration experiments, a concentration of 5-0 x 10m of quinolinecarboxylic acid was 
used throughout. 


RESULTS 
Quinoline-3-carboxylic Acid.—Within the approximate pH limits 2—7, quinoline-3-carboxylic 
acid yields one major wave A (Fig. 1), which is accompanied by a pre-wave. A second wave B 


Fic. 2. Diffusion-current constant-pH 
relations. 





Fic. 1. Polarograms of 5 x 10-‘m-quinoline-3- 
carboxylic acid. 
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(d) -7-carboxylic acid, 


is visible in the pH interval 7—10. Whereas the half-wave potential (E ,) of wave B is —1-6lv 
and independent of pH, that of wave A varies with pH according to —E, = 0-77 + 0-067pH 
in the pH range 2—5, or according to —E, = 0-50 + 0-100pH in solutions of pH greater than 5. 
Waves A and B therefore coalesce at about pH 11 to form a single wave C. At pH 9, waves 
A and B are both well-defined and their individual or combined wave-heights increase linearly 
with the concentration of quinoline-3-carboxylic acid when this concentration does not exceed 
about 1-5 x 10%m. The diffusion-current constants of the waves are markedly pH-dependent 
(Fig. 2a). 

Quinoline-5-carboxylic Acid.—The polarographic behaviour of quinoline-5-carboxylic acid 
qualitatively resembles that of the 2-isomer.! A large ill-defined wave A, accompanied by a 

10 Alamela and Dey, Proc. Nail. Inst. Soc. India, 1941, 7, 215. 


il Seibert, Norton, Benson, and Bergstrom, J. Amer. Chem. Soc., 1946, 68, 2721. 
12 Glenn and Bailey, J]. Amer. Chem. Soc., 1941, 68, 641. 
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small pre-wave, is obtained in the pH range 2—5. Above pH 5, the definition of this, wave 
improves and a second wave B appears. The diffusion-current constants of both waves are 
highly pH-dependent (Fig. 2b), that of wave A becoming negligible at pH 11. Above pH 6 the 
equation of wave A is —E, = 0-59 + 0-095pH, but the equation —E, = 0-73 + 0-125pH for 
wave B holds up to pH 8 only. In more alkaline solutions, the half-wave potential of wave B 
is nearly independent of pH. At pH 6, the individual or combined heights of the two waves 
increase linearly with the concentration of quinoline-5-carboxylic acid when this concentration 
does not exceed 3 x 10m. 

Quinoline-6-carboxylic Acid.—In contrast to all other isomers, quinoline-6-carboxylic acid 

yields no measurable wave in acid solutions.® The lowering of the hydrogen overpotential 
normally caused by quinoline derivatives is, however, apparent. In neutral or alkaline solutions 
a well-defined wave A of equation —E,; = 0-35 + 0-105pH is observed. A second wave B, 
of pH-independent half-wave potential —1-60 v, appears at about pH 8. Between the pH 
limits 8—10, the sum of the heights of these two waves is constant and approximately equal to 
that of the single wave C which is formed by their coalescence in strongly alkaline solutions 
Fig. 2c). 
Quinoline-7-Carboxylic Acid.—The polarographic behaviour of quinoline-7-carboxylic acid 
qualitatively resembles that of the 8-isomer.* Within the approximate pH limits 2—5, 
quinoline-7-carboxylic acid yields one major wave which is accompanied by a pre-wave and a 
small maximum. The half-wave potential, —0-96 v at pH 2:1, first rises as the pH is increased 
to —1-19 v at pH 4-9, falls to —0-99 v at pH 6, and then rises again as the pH is further in- 
creased. At pH 6a second wave, of half-wave potential — 1-23 v, becomes visible. This half- 
wave potential rises to — 1-51 v at pH 7-5 and is then almost unaffected by further pH increase 
or by the merging in of the first wave at about pH 10. Until the two waves merge, the heights 
of both decrease as the pH is increased (Fig. 2d), 


DIscUSSION 

Since the polarography of quinoline derivatives has already been reviewed, probable 
reaction mechanisms are here only outlined. 

The diffusion-current constants of the single wave obtained in strongly alkaline solutions 
are about the same, not only for the present four quinolinemonocarboxylic acids, but also 
for the other isomers. Coulometric electrolysis and, in the case of the 2-isomer, 
conductivity data,! indicate that, in such solutions, the reduction involves the uptake of 
two electrons per molecule. 

Apart from the large wave (probably due to catalytic discharge of hydrogen ion) given 
by quinoline-5-carboxylic acid in solutions of pH about 3, there is no indication that the 
reduction of any of the quinolinemonocarboxylic acids proceeds beyond the dihydro-stage. 
The magnitude of the diffusion-current constants of waves A and B for the 3, 6-, and 
7-isomers indicates that these waves are each associated with the uptake of one electron 
per molecule. Since their heights are approximately proportional to the square root of 
the pressure of mercury at the dropping-mercury electrode, these waves are diffusion- 
controlled.4 Hydrogen ions are presumably involved directly in the electrode reaction 
associated with wave A, but not in that associated with wave B. 

Exaltation of wave B of the 5-isomer in the pH range 6—8 may be due to the inclusion 
in the measured height of almost coincident small waves associated with secondary processes 
(cf. the complex wave system of quinoline-2-carboxylic acid in this pH range }4). 

Logarithmic analysis’ of the waves listed in Table 1 yields linear curves. In 


TABLE 1. Wave analysis of quinolinemonocarboxylic acids. 








Isomer 3 5 6 7 
¢ An ee a — EE SSO" 
a etapa 6-93 8-83 883 10-75 643 850 990 990 814 11-74 693 883 8-83 
MD Séeone A A B G A B A B A Cc A A B 
i beresennce 0-70 1:20 0-66 0-37 089 O79 042 064 O51 054 066 1:39 0-53 





* Stock, Proc. Ist Internat. Polarographic Congr., Prague, 1951, 371. 
% ‘egy and Lingane, “‘ Polarography,” Interscience Publ. Inc., New York, 1952, 2nd edn., 
ol. I, p. 274. 


* Kolthoff and Lingane, ref. 14, p. 215. 
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practically all cases, the reciprocal slopes of these curves are considerably greater than 
those required for reversible electron uptake and hence lead to fractional «-values in the 
Kolthoff—Lingane equation.” The waves therefore appear to be associated with 
irreversible processes. 

Various relationships have been described in attempts to correlate the reduction poten- 
tials of aromatic hydrocarbons with some fundamental property related to molecular 
structure.!7-8 In strongly alkaline solution, where the quinolinemonocarboxylic acids will 
exist as anions, the two-electron mechanism of reduction is consistent with Hoijtink’s 
scheme !* of reaction for conditions where the rate of protonation is high. The reduction 
may consist of the reversible addition of an electron, followed by the rapid addition of a 
proton. This makes possible the immediate addition of the second electron at the same 
reduction potential, followed by the abstraction of another proton from the solvent (in this 
case water). In the following schemes R represents the quinolinemonocarboxylic acid 
anion: 

ReememR. . . ... (I) RH+++e——wRH-. . . . . (3) 
R>+Ht——pRH . . . . . RH- + H+ —— RH, (4) 


Reactions (2) and (4) are probably irreversible, and thus the overall process for these 
compounds may appear to be irreversible, as deduced above. The view that the potential- 
determining step involves only one electron is not universally accepted 1” but this does not 
affect the present argument. 

Reaction (1) may be regarded as a nucleophilic attack by an electron on the quinoline 
ring system. The electron need not be localised at this stage.2® Reduction in a given 
medium will be facilitated (for attack by a nucleophilic reagent) by a substituent which 
withdraws electrons from the ring, and made more difficult by a substituent which 
increases the charge on the quinoline nucleus. According to Gore,” a reactivity number 
of a position (such as the localisation energy) can be taken, as a first approximation, as a 
measure of the extent to which conjugation will take place when a substituent is in that 
position, at least in alternant hydrocarbons. The electron density of the carbon atom to 
which the substituent is attached may serve as a suitable reactivity number, and will 
determine the magnitude of the effect on the electron density at the point of attack. Thus 
the electron density at the carbon atoms in the quinoline ring will indicate approximately 


TABLE 2. Half-wave potentials of quinolinemonocarboxylic acids in 0-1M-sodium 


hydroxide. 
TSOGNOE  cccccceseces 2 3 £ 5 6 7 8 
SIE cevceneecacsoce 1-53 } 1-71 1-518 1-70 1-64 1-59 1-742 
TABLE 3. Electron densities for quinoline. 
Position of atoms N 2 3 4 5 6 7 8 
COE secccvissccssccscndie 1-63 0-79 0-98 0-77 0-96 0-99 0-95 00 


l- 
Brown and Harcourt **... 1-22 0-89 1-01 0-93 0-99 1-00 0-98 1-01 
* Abbreviated to three significant figures, for h = 0-5, h’ = 0, k = 1-0 (from ref. 23). 


the relative ease of reduction of the isomeric quinolinemonocarboxylic acids, which in 0-IM- 
sodium hydroxide will exist as anions in which the carboxyl group will tend to push 
electrons into the ring. 


16 Kolthoff and Lingane, ref. 14, p. 267. 

17 Gardner, Nature, 1959, 188, 320. 

18 Gergeley and Iredale, J., 1953, 3226; Coulson, Crowell, and Tendich, J. Amer. Chem. Soc., 1957, 
79, 1354; Given, Nature, 1958, 181, 1001; J., 1958, 2684. 

1® Hoijtink, van Schooten, de Boer, and Aalbersberg, Rec. Trav. chim., 1954, 78, 355. 

%© Matsen, J. Chem. Phys., 1956, 24, 602. 

%1 Gore, J., 1954, 3166. 
*2 Coulson, ‘“‘ Valence,”” Oxford, 1952, p. 243. 
%3 Brown and Harcourt, J., 1959, 3451. 
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The half-wave potentials in 0-1M-sodium hydroxide, wherein the effect of changes in pH 
and in ionic strength upon the polarographic characteristics is small, are listed in Table 2. 
Difficulty of polarographic reduction of the acid anions thus increases in the order 

~2,7,6,5,3~8. Except for the 6-isomer this approximates closely to the order 
of increasing electron density at the carbon atoms at which the substituent is attached. 
According to Coulson ** this order is 4,2,7,5,3,6,8 and according to Brown and Harcourt ® 
it is 2,4,7 ~ 5,6,3 = 8 (Table 3). 


This work was carried out with the partial support of the U.S. Atomic Energy Commission. 
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648. Organic Fluorine Compounds. Part XVI.* The 
Preparation and Reactions of Ethyl Ethoxalylfluoroacetate. 


By IsRAEL SHAHAK and Ernst D. BERGMANN. 


The influence of reaction conditions on the yield of ethyl ethoxalylfluoro- 
acetate has been studied. The sodio-derivative of this compound gives 
C-acyl derivatives on treatment with chlorides of carboxylic acids or benzene- 
sulphonyl chloride; hydrolysis of these acyl derivatives has been investigated. 
The properties of ethyl bromoethoxalylfluoroacetate are described. 


TuE synthesis ! of ethyl ethoxalylfluoroacetate from diethyl oxalate and ethyl fluoroacetate 
in the presence of sodium ethoxide or sodium hydride gives yields of 40% (in benzene) to 
50% (in ether). Increasing the amount of condensing agent decreases the yield, e.g., with 
double the theoretical quantity of sodium ethoxide to 15—20%. An excess of diethyl 
oxalate has no beneficial influence; sodium hydride gives better yields than sodium 
methoxide, ethoxide, or t-butoxide. 

These observations can be related to two facts: the condensation leads to an 
equilibrium, and ethyl sodioethoxalylfluoroacetate is split by the alcohol set free in the 
condensation : 


[RO,C-CO-CF*CO,R]-Nat + 2R’OH == RO,CCO,R’ + CHyF*CO,R + NaOR’ == 
RO,C*CO,R’ + [CHF*CO,R]}-Nat 


This fission was realised for ethyl sodioethoxalylfluoroacetate, prepared from the pure 
ester, and the solid product obtained in the condensation always contained a significant 
amount of the sodio-derivative of ethyl fluoroacetate. Under the best conditions (see 
p. 3226) the yield in this condensation was 55%. Asa by-product, ethyl «-ethoxalyl-«y- 
difluoroacetoacetate was obtained in 12—15% yield; its structure followed from its 
analysis, non-reactivity with periodate, and partial hydrolysis to 88-difluoro-«y-dioxovaleric 
acid, isolated as its propyl ester, though in small yield. (The absence of a colour reaction 
with ferric chloride proved, in any event, that this compound was not the difluoro- 
derivative EtO,C-CHF-CO-CO-CHF-CO,Et, the parent of which had been obtained ? in 
the analogous reaction between diethyl] oxalate and ethyl acetate.) 

It was to be expected that, the above complex equilibrium would be affected by the 


* Part XV, Nature, 1960, 185, 529. 

a Blank, Mager, and Bergmann, Bull. Res. Council Israel, 1957, 3, 101. 

* Fittig, Daimler, and Koller, Ber., 1887, 20, 202, 3183; Annalen, 1888, 249, 182; Wislicenus, Ber., 
1887, 20, 590; Annalen, 1888, 246, 328; Hantzsch and Zeckendorf, Ber., 1887, 20, 1309. 
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solvent. Indeed the yield was 68% on condensation in tetrahydrofuran whose value for 
such reactions has been reported by Lawesson and Busch.® 

In view of the above by-product the acylation of ethyl sodioethoxalylfluoroacetate 
was studied systematically. Benzoyl chloride, acetyl chloride, ethyl chloroformate, and 
benzenesulphonyl chloride gave acyl derivatives which might be C- or O-acyl derivatives, 
That benzenesulphonyl chloride reacted like other chlorides, made the latter improbable, 
Moreover, partial hydrolysis of the benzoyl derivative with hydrobromic acid in acetic 
acid (aqueous acid was ineffective) gave «-benzoyl-«-fluoropyruvic acid, isolated as its 2,4 
dinitrophenylhydrazone. 

The main products of this treatment were always fluoropyruvic acid and the acid corre- 
sponding to the acyl radical; only in the two cases mentioned above, were C-acyl 
derivatives of fluoropyruvic acid isolated. Alkoxides caused complete fragmentation of 
the acyl derivatives: e¢.g., the benzoylation product and sodium ethoxide gave ethyl 
benzoate, diethyl oxalate, diethyl carbonate, ethyl «-benzoyl-«-fluoroacetate and ethyl 
ethoxalylfluoroacetate (the last two as their sodio-derivatives); the remaining frag- 
ment, ethyl benzoylfluoropyruvate, has not been isolated. 

Et,C,O, + 
Bz-CHF*CO,£t 


} ~<— £t0,C-cO-crB2CO,Et—> { TO ,C-CO-CHFB«) 


EtOBz ++ EtO,C*CO*CHF*CO,Et 


The product from ethyl sodioethoxalylfluoroacetate and ethyl chloroformate was broken 
down almost entirely in one direction, giving diethyl carbonate and ethyl ethoxalylfluoro- 
acetate (as sodio-derivative); only very small amounts of diethyl fluoromalonate (and 
diethyl oxalate) were formed in addition. ; 

It has been shown * that the sodio-derivative of ethyl ethoxalylfluoroacetate reacts 
with bromine, to give the bromo-derivative; this-reaction fails if the free ester is treated 
with bromine or N-bromosuccinimide. The bromine in ethyl «-bromo-a-ethoxalyl-s- 
fluoroacetate is ‘“‘ positive: ’’ sodium ethoxide regenerates ethyl ethoxalylfluoroacetate; 
diethyl sodiomalonate has the same effect, yielding diethyl bromomalonate. In the 
Experimental Part, better conditions for the preparation of the bromo-compound and of 
bromofluoropyruvic acid are described, based on these observations. 


EXPERIMENTAL 


Preparation of Ethyl Ethoxalylfluoroacetate—To a stirred suspension (24 g., 1 mole) of 
sodium hydride in ether (750 ml.), diethyl oxalate (150 g., 1 mole), ethyl fluoroacetate (10 ml.), 
and a few drops of anhydrous ethanol were added, and the mixture was refluxed until the 
evolution of hydrogen set in and the product became yellow. The remainder (96 g., in all 
1 mole) of ethyl fluoroacetate was then added at such a rate that the ether continued to boil 
gently. After 15 hr. at room temperature, the mixture was cooled to —15° and 50% hydro- 
chloric acid (200 ml.) added slowly, so that the temperature did not exceed 0°. (If the temper- 
ature rises at this point, the yield is lower than expected.) The organic layer was separated 
and the aqueous phase extracted with benzene (100 ml.). The combined organic solutions were 
dried and concentrated at 60°/1 atm. and finally at 25 mm. (the fraction thus obtained contained 
ethyl fluoroacetate, which can be isolated by re-distillation in an efficient column). The 
residue was distilled at 1-5 mm.; under these conditions the excess of diethyl oxalate boiled at 
55—57°, and the product at 95—98°. The distillation was repeated in a short column; the 
yield was 110—115 g. (55%). The residue boiled at 165—166°/0-1 mm. and was ethyl] «-ethox- 
alyl-wy-difluoroacetoacetate (see below). When the reaction was carried out in benzene under 
the same conditions, the yield was only 35%. It was raised again to 45% when, before the 
decomposition, 450 ml. of the solvent were distilled off at 50 mm. so that the ethanol formed in 
the reaction was removed. 


* Lawesson and Busch, Acta Chem. Scand., 1959, 18, 1717. 
* Bergmann and Shahak, /., 1960, 462. 











tate 
and 
ves, 
ble, 
etic 
2,4 


rTe- 
acyl 
1 of 
thyl 
thyl 


ken 
oro- 
(and 


acts 
ated 
yl-a- 
tate; 


id. of 


e) of 
ml), 
1 the 
in all 
» boil 
ydro- 


rated 
were 
ained 


ed at 
- the 
thox- 
ander 
e the 
ed in 





(1960) Organic Fluorine Compounds. Part XVI. 3227 


The presence of the sodio-derivative of ethyl fluoroacetate in the crude product of the 
condensation was established by reaction with benzoyl chloride. From the product, obtained 
as above from sodium hydride (9-6 g.), diethyl oxalate (60-0 g.), and ethyl fluoroacetate (42-5 g.) 
in benzene (250 ml.), 150 ml. of the solvent were distilled off at 25 mm. and freshly distilled 
penzoyl chloride (56 g.) in benzene (100 ml.) was added. The whole was refluxed with stirring 
for 3 hr., then cooled and poured into water containing 50 ml. of concentrated hydrochloric 
acid. After removal of the benzene at 25 mm., distillation at 1 mm. gave ethyl «-benzoyl-a- 
fluoroacetate,® b. p. 125—127° (16 g., 19%), identified as its 2,4-dinitrophenylhydrazone, m. p. 
190°, and ethyl «-benzoyl-«-fluoro-«-oxaloacetate, b. p. 162—165° (57 g., 46%). 

Preparation of Ethyl Ethoxalyifluoroacetate in Tetrahydrofuran.—To a suspension of sodium 
hydride (24 g.) in tetrahydrofuran (300 ml.) and diethyl oxalate (150 g.), ethyl fluoroacetate 
(10 g.) was added and the mixture heated until a yellow colour appeared and the evolution of 
hydrogen set in. Then, the balance (96 g.) of ethyl fluoroacetate was added at such a rate that 
the solution refluxed gently. The mixture was refluxed, with stirring, for 2-5 hr., then cooled 
to —10° and poured into benzene (150 ml.), ice (150 g.), and concentrated hydrochloric acid 
(110 ml.). The aqueous phase was separated and extracted with benzene (50 ml.), and the 
combined organic phase dried and distilled im vacuo. Thus, ethyl ethoxalylfluoroacetate 
(139 g., 68%), b. p. 96—98° 1 mm., and ethyl «-ethoxalyl-«y-difluoroacetoacetate (7 g.), b. p. 
160—165°/0-05 mm., were obtained. 

Reversal of the Condensation.—At 0°, ethyl ethoxalylfluoroacetate (41 g., 0-2 mole) was 
added to a suspension of sodium hydride (9-6 g., 0-4 mole) in ether (200 ml.) and the whole 
stirred at this temperature for 3 hr. Light petroleum (b. p. 40—60°) (200 ml.) was added and 
the solid product filtered off. Distillation of the filtrate in an efficient column gave ethyl 
fluoroacetate (3—5 g.), b. p. 116—117° (identified as the amide, m. p. 108°), diethyl oxalate 
(16 g.), b. p. 90—92°/25 mm., and ethyl oxalylfluoroacetate (8 g.), b. p. 140—142°/25 mm. 
Decomposition of the solid phase with concentrated hydrochloric acid (10 ml.) and ether 
(100 ml.), treatment of the ether extract with sodium hydrogen carbonate solution, and distil- 
lation gave ethyl fluoroacetate (8 g.). This proves that the reaction yielded ethyl fluoroacetate 
both in its free form and as sodio-derivative. 

Ethyl «-Bromo-a-ethoxalyl-x-fluoroacetate.—From the product obtained as described above, 
half of the benzene (375 ml.) was distilled off in a column (50 mm., bath-temp. 40—45°), and the 
residue was cooled, diluted with dry benzene (300 ml.), and treated with bromine (stirring) 
at }35°. When the colour of the halogen remained [usually 140—150 g. (0-9 mole) of bromine], 
stirring was continued for 10 min. and the product poured into ice-water (500 ml.) which con- 
tained a little sulphur dioxide. The organic layer was washed with water, dried, and distilled, 
first at 30 mm., then at 1—1-5 mm. The product (170—175 g., 60—62%) boiled at 94— 
96°/0-5 mm. The yield is somewhat higher than that of ethoxalylfluoroacetate prepared under 
analogous conditions. 

Bromofluoropyruvic Acid.—When the preceding compound (57 g.) had been treated with 
20% hydrochloric acid (100 ml.) for 15 min. at room temperature and for 3 hr. under reflux, 
removal of the water under 30 mm. and distillation gave bromofluoropyruvic acid, b. p. 95— 
97°/0-5 mm. (24 g., 65%; lit.,435%). Trituration of the product with benzene and recrystallis- 
ation therefrom gave the acid, m. p. 102—103° (Found: C, 19-8; H, 1-4; F, 10-6; Br, 42-9. 
Cale. for C,H,BrFO,: C, 19-5; H, 1-1; F, 10-3; Br, 43-2%). A small higher-boiling fraction 
(160°/1 mm.) was also secured; although it was not pure (Found: C, 23-8; H, 1-0; F, 8-5. 
Cale. for C,BrFO,: C, 22-7; H, 0; F, 9-0%), it appears to be the bromofluoro-oxaloacetic 
anhydride as successive treatment with water and diazomethane gave methyl «a-bromo-a-fluoro-a- 
methoxalylacetate, b. p. 90—91°/0-5 mm. (Found: C, 28-2; H, 2-5; F, 7-7. C,H,BrFO, requires 
C, 28-0; H, 2-3; F, 7-4%). . This has maxima at 1845 and 1750 cm.“! (C=O) and a shoulder at 
1780 cm.1. According to Stork and Breslow,* five-membered cyclic anhydrides absorb at 
1865 and 1782 cm.!; the ketonic-carbonyl of cyclopentanone causes a peak at 1745cm.7. The 
C-F frequency was observed at 1015 cm.*. 

Mesoxaldehydic acid bis-2,4-dinitrophenylhydrazone, obtained from bromofluoropyruvic 
acid and 2,4-dinitrophenylhydrazine as described before,* had m. p. 260° (decomp.) (Found: C, 
386; H, 2-3; N, 24-0. Calc. for C,,H,.N,O,9: C, 39-0; H, 2-2; N, 242%). 


5 Bergmann, Cohen, and Shahak, J., 1959, 3278. 
* Stork and Breslow, J. Amer. Chem. Soc., 1953, 75, 3291. 
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Ethyl Bromofluoropyruvate.—This was obtained directly from ethyl bromoethoxalylfluoro- 
acetate (28-5 g.) by hydrolysis with toluene-p-sulphonic acid sesquihydrate (5 g.) and water 
(1 ml.). The mixture was heated slowly until the temperature reached 150—160°. At this 
point, a reaction set in and ethanol distilled. The residue was heated at 180° for 10 min., then 
distilled at 1mm. Redistillation through a short column gave the ester (10-5 g., 50%), b. p, 
90—92°/30 mm. (Found: C, 28-4; H, 3-1; F, 8-6. C,;H,BrFO, requires C, 28-2; H, 2-8; F, 
8-9%). 

oes of Ethyl Bromoethoxalylfluoroacetate with Sodium Ethoxide.—At <10°, ethyl bromo- 
ethoxalylfluoroacetate (28-5 g.) was added slowly to a suspension of sodium ethoxide (6-8 g.) in 
benzene (100 ml.). When the exothermic reaction had subsided, the product was poured into 
ice-cold 10% hydrochloric acid (50 ml.). The benzene layer gave, on distillation, ethy] 
ethoxalylfluoroacetate (11-5 g., 60%), b. p. 98°/0-8 mm., which was identified by its ferric 
chloride reaction and analysis. 

Reaction of Ethyl Bromoethoxalylfluoroacetate with Diethyl Sodiomalonate.—A mixture of 
sodium hydride (2-4 g.), diethyl malonate (16-6 g.), and benzene (150 ml.) was stirred for 30 min, 
at room temperature, and ethyl bromoethoxalylfluoroacetate (28-5 g.) was added at such a rate 
that the temperature did not exceed 30°. After 12 hr. at room temperature, the product was 
poured into ice-cold 10% hydrochloric acid (50 ml.), and the benzene layer dried and distilled 
through a column, giving diethyl bromomalonate (15 g., 60%), b. p. 78—80°/0-5 mm. (Found; 
C, 35-6; H, 49. Calc. for C,H,,BrO,: C, 35-2; H, 46%), and ethyl ethoxalylfluoroacetate 
(14 g., 70%), b. p. 95°/0-6 mm. (Found: C, 46-3; H, 5-1; F, 8-8. Calc. for C,H,,FO,: C, 46-6; 
H, 5:3; F, 92%). 

Diethyl Ethoxalylfluoromalonate.—Ethyl chloroformate (104 g.) was added to ethyl sodio- 
ethoxalylfluoroacetate which had been prepared from sodium hydride (24 g.), diethyl oxalate 
(146 g.), and ethyl fluoroacetate (106 g.) in benzene (750 ml.) and freed from alcohol by distil- 
lation in vacuo of part of the benzene (400 ml.) at 30—40°. The mixture was refluxed for 3 hr. 
with stirring. After cooling, the product was poured into water and the organic layer dried and 
distilled. After a fraction of diethyl oxalate (b. p. 50—55°/1 mm.), the product (171 g., 61%) 
boiled at 135—136°/1 mm. and had v,,, (liquid) 174Q (broad; shoulder at 1785) and 1025 cm. 
(C—F) (Found: C, 47-7; H, 5-5; F, 7-0. C,,H,,FO, requires C, 47-5; H, 5-4; F, 6-8%). 

Ethyl a-Benzoyl-a-ethoxalyl-a-fluoroacetate.—This ester, b. p. 162—165°/18 mm., was obtained 
analogously in 45% yield (139 g.) (Found: C, 57-8; H, 5-8; F, 6-4. C,,;H,,FO, requires C, 
58-1; H, 4:8; F,6-1%). It was accompanied by diethyl oxalate and ethyl benzoylfluoroacetate, 
b. p. 125—127°/1 mm. (43 g., 20%), formed by sodium ethoxide-fission of the main product 
(see below); it gave a 2,4-dinitrophenylhydrazone, m. p. 190°. 

Ethyl «a-ethoxalyl-a-fluoroacetoacetate, b. p. 105—107°/1 mm., was prepared in 48% yield 
(119 g.) by using acetyl chloride (Found: C, 48-2; H, 5-3; F, 7-9. C,9H,,FO, requires C, 48-4; 
H, 5-2; F, 7-7%). 

Ethyl a-benzenesulphonyl-a-ethoxalyl-a-fluoroacetate, b. p. 169—170°/0-5 mm. (yield, 57%), 
was synthetised analogously (Found: C, 48-8; H, 4-6; F, 5:1. C,,H,,FO,S requires C, 48-6; 
H, 4-3; F, 5-5%). The infrared spectrum showed, in the carbonyl region, an intense peak 
at 1750 and a smaller one at 1675 cm... The C-F frequency was at 1030 cm.}. For the 
sulphone group, intense bands at 1335—1310 and 1160—1130 cm."1, have been found to be 
characteristic.? In this region, intense bands were observed at 1130, 1200, 1310, 1390 cm.7. 

Ethyl a-ethoxalyl-ay-difluoroacetoacetate was isolated from the higher fractions formed in the 
condensation of diethyl oxalate and ethyl fluoroacetate; yields up to 15% were obtained when 
sodium ethoxide was used as condensing agent. The ester boiled at 175—177°/1-2 mm. and 
had Vmax. (liquid) 1740—1770 (C=O) and 1025 cm.! (C-F) (Found: C, 45-2; H, 4-7; F, 146. 
C,)H,,F,0, requires C, 45-1; H, 4-5; F, 14:3%). 

Hydrolyses.—({a) The acylated product (0-05 mole) in anhydrous ethanol (50 ml.) was treated 
at +35° with alcoholic potassium hydroxide until the solution remained alkaline for some time 
(0-2—0-25 mole of hydroxide required). The solution was then heated and filtered and the 
solid extracted with 150 ml. of boiling anhydrous alcohol. The solid residue consisted of 
potassium oxalate and a little potassium fluoride. The combined alcoholic solutions were 
evaporated to dryness im vacuo, and this residue was filtered and washed with ether. From 
diethyl ethoxalylfluoromalonate, potassium fluoroacetate was thus obtained [identified, by 
successive treatment with thionyl chloride and ammonia, as fluoroacetamide, m. p. 106° (from 


? Barnard, Fabian, and Koch, J., 1949, 2442; Schreiber, Analyt. Chem., 1949, 21, 1168. 
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chloroform)]; ethyl ethoxalylfluoroacetoacetate gave potassium acetate (identified as 4-phenyl- 
phenacyl ester, m. p. 110°); ethyl benzenesulphonylethoxalylfluoroacetate gave potassium 
penzenesulphonate (identified as benzylthiouronium salt, m. p. 150°). Ethyl ethoxalyldi- 
fluoroacetoacetate gave no alcohol-soluble salt. 

(b) Acetic acid and 48% hydrobromic acid caused complete hydrolysis in 2 hours’ refluxing. 
From the solution, fluoropyruvic acid was isolated (as 2,4-dinitrophenylhydrazone), and from 
the benzoyl derivative also benzoic acid. In the latter case, the dinitrophenylhydrazone was 
accompanied by a second, dark red one which was insoluble in all organic solvents, melted at 
260—262° (decomp.), and exploded on attempted combustion analysis. It appeared to be 
benzoylfluoropyruvic acid bis-2,4-dinitrophenylhydrazone (Found: N, 19-4. C..H,,FN,Oj, 
requires N, 19-7%). 

(c) Acetic acid was added to ethyl ethoxalyldifluoroacetoacetate (27 g.) and 48% hydro- 
promic acid (10 ml.) until a homogeneous solution resulted. After 1 hour’s refluxing the 
solution was diluted with water (25 ml.), neutralised with sodium hydrogen carbonate, and 
extracted with ether (which dissolved only traces of organic matter). To the alkaline aqueous 
solution propyl alcohol (100 ml.), and then a mixture of propyl alcohol (50 ml.) and concentrated 
sulphuric acid (12 g.), were added. Sodium sulphate was filtered off and the clear solution 
azeotropically distilled with benzene (100 ml.). When no more water collected, the product 
was neutralised with solid sodium hydrogen carbonate, and the filtered solution was distilled, 
giving propyl fluoropyruvate (8-5 g.), b. p. 73—80°/1 mm. (Found: C, 49-3; H, 6-2; F, 12-5. 
C,H,FO, requires C, 48-7; H, 6-2; F, 13-0%), and propyl 88-difluoro-ay-dioxovalerate (2-5 g.), 
b. p. 102—103°/1 mm. (Found: C, 46-5; H, 5-2; F, 18-0. C,H, F,O, requires C, 46-2; H, 5-0; 
F, 183%), which gave a strong red colour reaction with ferric chloride. 

Alcoholyses.—(a) To diethyl ethoxalylfluoromalonate (28 g.) in methanol (60 ml.) a solution 
from sodium (2-3 g.) in methanol (100 ml.) was added at +20° with stirring. Benzene (50 ml.) 
and hydrochloric acid were added until the mixture was acidic, and the benzene solution was 
concentrated. The residue (15 g., 75%) was distilled in vacuo and identified as ethyl ethoxalyl- 
fluoroacetate. 

After the ester (28 g.) had been added at 10° to a suspension of sodium methoxide (5-4 g.) 
in ether (100 ml.), addition of low-boiling light petroleum (50 ml.), filtration, and distillation 
gave ethyl methyl carbonate (6 g., b. p. 104—108°) and ethyl methyl oxalate (0-5 g.; b. p. 
165—170°; identified as oxanilide, m. p. 242°). The solid product was treated with dilute 
hydrochloric acid and an excess of ether, and the residue from this ethereal extract was 
fractionated twice at 1 mm. The products consisted of diethyl fluoromalonate (0-3 g.), b. p. 
82—83°/1 mm. (identified as the diamide,* m. p. 188—189°), and ethyl ethoxalylfiuoroacetate 
(12-5 g., 62%), b. p. 988—99°/1 mm. 

(b) Ethyl benzoylethoxalylfluoroacetate (62 g.) was added at >+10° to a suspension of 
sodium ethoxide (13-6 g.) in anhydrous ether (150 ml.). After addition of low-boiling light 
petroleum (100 ml.), the solid product was filtered off and the solution fractionated through a 
column, giving diethyl carbonate, mainly boiling at 123—124° (2 g.), diethyl oxalate, b. p. 
175—185° (11 g.) (identified by hydrolysis to the acid), and ethyl benzoate, b. p. 208—218° 
(15 g.; identified as acid). The solid product was treated with dilute hydrochloric acid and 
extracted with ether. Distillation of the residue from this extract at 1 mm. gave ethyl 
ethoxalylfluoroacetate, b. p. 95—102° (16 g.), and ethyl benzoylfluoroacetate, b. p. 121—130° 
(13 g.). The ester therefore gave 50% of benzoate plus ethoxalylfluoroacetate, 40% of oxalate 
plus benzoylfluoroacetate and, probably, 10% of carbonate plus benzoylpyruvate. 


This study was sponsored by the U.S. National Institutes of Health. 
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* Bergmann, Cohen, and Shahak, /., 1959, 3286. 
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649. The Ozonolysis of Polynuclear Aromatic Hydrocarbons. 
Part I. 


By P. G. CopELanp, R. E. DEAN, and D. McNEIL. 


The reaction of ozone with both fluorene and benzo[b]fluorene has been 
shown to occur at the aromatic portion of the molecule and only to a very 
limited extent at the methylene bridge. From fluorene, homophthalic acid 
was the main product accompanied by a small amount of fluorenone. 
Benzo[b]fluorene gave equal amounts of homophthalic and phthalic acid and 
rather less fluorene-2,3-dicarboxylic acid. 

The ozonolysis of fluorenone yielded phthalic acid. This was also a 
product from benzo[b}fluorenone, with a similar quantity of fluorenone-2,3- 
dicarboxylic acid. 


STEPWISE degradation of solvent fractions of coal tar pitch may offer a possible method 
for the more precise designation of the structure of the aromatic nuclei they contain. To 
provide data for such a study the ozonolysis of selected polynuclear hydrocarbons has 
been studied. Part of this work has already been summarised. 

This paper describes the ozonolysis of fluorene, benzo[d]fluorene, and the derived 
fluorenones. The usual oxidising agents attack fluorene at the reactive methylene group, 
giving fluorenone as the main product.? Similarly, with ozone, Cavill e¢ al.3 have reported 
that compounds containing reactive methylene groups are converted mainly into the 
ketones with occasionally some intermediate alcohol formation; fluorene, for example, is 
stated to give 24%, of fluorenone. 

This tendency is not apparent from the results of the present work. When fluorene 
reacted with two mols. of ozone in chloroform or sym-tetrachloroethane and the product was 
decomposed with alkaline peroxide, only 6% of fluorenone was obtained, the major 
product (64°) being homophthalic acid; some unchanged fluorene (13-8°%) was recovered. 
When a three-molar proportion of ozone was used all the fluorene reacted, the yields of 
homophthalic acid and fluorenone remaining almost unaltered. 

Fluorenone reacted only very slowly with ozone, giving 73% of phthalic acid. The 
absence of this acid from the products of the fluorene ozonolysis confirms the finding that 
the ketone is not formed in any appreciable quantity even as an intermediate product. 

Benzo[b]fluorene is oxidised by chromic acid to the ketone. With a two-molar 
proportion of ozone in chloroform solution it gives homophthalic (29%), phthalic (30%), 
and fluorene-2,3-dicarboxylic acid (19%). No benzo[b]fluorenone was detected although 
it might have been present since from the esterification product of the crude fluorene-2,3- 
dicarboxylic acid was separated a small amount of the dimethyl ester of the corresponding 
fluorenone diacid which was shown to be an ozonolysis product of the ketone; alternatively 
this acid could have been an oxidation product of the fluorene diacid. 

It is concluded that, under the conditions used, the reactive methylene group in fluorene 
and benzo[b]fluorene is only slightly attacked by ozone. 

Badger has classified ozone with osmium tetroxide and diazoacetic ester as double-bond 
reagents; ® with aromatic molecules the attack occurs at the most reactive double bonds. 
Wibaut, on the other hand, suggests that ozone behaves as an electrophilic reagent attack- 
ing the positions of highest electron-density.6 The most reactive carbon atom in the 
fluorene molecule, as indicated by nitration, halogenation, etc., is that at the 2-position. 


1 Copeland, Dean, and McNeil, Chem. and Ind., 1959, 329; 1960, 98. 
® Fittig and Schmitz, Annalen, 1878, 198, 141; Graebe and Rateanu, ibid., 1894, 279, 258; Randall, 
Benger, and Groocock, Proc. Roy. Soc., 1938, A, 175, 432. 
* Cavill, Robertson, and Whalley, J., 1949, 1567. 
* Koelsch, J]. Amer. Chem. Soc., 1933, 55, 3885. 
5 Badger, Quart. Rev., 1951, 5, 155. 
* Wibaut, J. Chim. Phys., 1956, 58, 111. 
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The most reactive bond should be the 1,2-linkage since Burns and Iball? have shown by 
quantitative crystal analysis that this is the shortest. Pullman and Berthier,® however, 
suggested on the basis of calculations of bond and valence indices by the molecular-orbital 
method that the 3,4-linkage has the highest bond order. Their claim that the 1,9a-bond 
has the next highest order is markedly at variance with the implications of the bond-length 
measurements. If it is assumed that the 1,2-bond is the most reactive, then reaction with 
ozone will involve this bond irrespective of whether ozone behaves as an electrophilic or a 
double-bond addition reagent. Only if it acts as a normal oxidising agent will reaction 
occur at the methylene group. 

As formation of homophthalic acid as the main product of ozonolysis of fluorene involves 
complete rupture of a benzene ring it is impossible to say whether attack occurs first at the 
1,2- or the 3,4-bond. If 1,2-attack is assumed a reaction scheme can be postulated as 
shown, based on the mechanism suggested by Criegee et al. and applied to polycyclic 
hydrocarbons by Bailey.” The initial complex assumes the zwitterion structure (I) 
containing the vinylindene moiety. Another mol. of ozone then reacts to give the 
awitterion (II), which on further reaction followed by decomposition with alkaline peroxide 
gives homophthalic acid (III). 


+ 
() S CH-0-07 CO,H 
— —_ 
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H 
om ° (11) 


Reagents: |, Os; 2, HxO,-NaOH. 


It has previously been observed that ozonolysis of indene in ethanol gives a peroxide 
which could be converted into homophthalic acid in 82% yield.“ Also 2,3-diphenyl- 
indene gives an ozonide which ultimately yields 2-phenacylbenzophenone.” In both 
these examples, as in the above scheme, the methylene group remains intact. 

Similar reactions, sufficiently explained by the chart, could occur during the ozonolysis 
of fluorenone. The production of phthalic acid is paralleled by that of benzoic and 
o-propionylbenzoic acid on ozonolysis of 3-ethyl-2-phenylindenone.* 

The lengths and orders of the bonds in benzo[b]fluorene have not been determined. 
Bond multiplicities indicate that the 1,2-, 3,4-, 5,5a-, and 10a,11-linkages should be the 
most reactive. This suggests that the compound could be regarded as a 2,3-substituted 
naphthalene, for which 90% of the reaction occurs at the substituted ring. With benzo- 
[bjfluorene this preference is not so marked: reaction with two mols. of ozone gives 30% 
of phthalic and 29% of homophthalic acid, as against 19% of fluorene-2,3-dicarboxylic acid 
obtained by reaction at the unsubstituted ring. Some unchanged benzofluorene (4-6%) 
was also recovered. 

One step in our scheme, (V) —» (III), is known to be achieved by hydrogen peroxide. 

In the ozonolysis of benzo[b}fluorenone a rather larger yield (34%) of the diacid (VI) 
was obtained than from the hydrocarbon. Phthalic acid was the only other product 
isolated. The reaction sequence is presumably similar to that for benzo[d]fluorene. Here 
scission of the ketone corresponding to (IV) would yield 2 mols. of phthalic acid and the 


7 Burns and Iball, Nature, 1954, 178, 635. 
® Pullman and Berthier, Bull. Soc. chim. France, 1948, 551. 
® Criegee et al., Annalen, 1949, 564, 9; 1953, 588, 12; Chem. Ber., 1954, 87, 766; 1955, 88, 1878. 
Bailey, Chem. Rev., 1958, 58, 925. 
11 Warnell and Shriner, J. Amer. Chem. Soc., 1957, 79, 3165. 
1 Bailey, Chem. Ber., 1954, 87, 993. 
#8 Frank, Eklund, Richter, Vanneman, and Wennerberg, J. Amer. Chem. Soc., 1944, 66, 1; Criegee, 
de Bruyn, and Lohaus, Annalen, 1953, 583, 19. 
* Wibaut and Kampschmidt, Proc. k. ned. Akad. Wet., 1950, 58, 1109. 
48 Perkin, Roberts, and Robinson, J., 1912, 101, 232. 
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quoted yield (36%) is based on this assumption. Thus benzo[bd]fluorenone is attacked by 
ozone at both rings of the naphthalene portion to a roughly equal extent. The same rings 
are attacked when the ketonic is replaced by a methylene group, the one adjacent to the 
five-membered ring being preferred. 
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EXPERIMENTAL 


Apparatus.—The electrolytic ozoniser used was similar to that described by Boer.’* The 
ozone content of the output gas varied between 10 and 15% w/v depending on the construction 
of the anode, but with none of the anodes used was difficulty experienced in maintaining a 
constant output during a daily run. The ozone-oxygen mixture, dried by passage through 
glass spirals immersed in ethanol-solid carbon dioxide, was led into the base of a glass reaction 
vessel. This was equipped with a recycle stirrer plated immediately above the ozone inlet, 
thus giving a very effective gas-liquid contact. The amount of ozone absorbed was estimated 
iodometrically as the difference between the ozone content of the exit gas and that in a blank 
run under identical conditions. 

Solvents—The carbon tetrachloride, chloroform, and sym-tetrachlorethane were purified 
before use as described by Vogel.?” 

Decomposition of the Products of Ozonolysis.—To obtain acidic rather than aldehydic 
materials from the ozonolysis products, oxidative decomposition methods were used, alkaline 
peroxide being preferred. 

Ozonolysis of Fluorene.—Fluorene, m. p. 114° (1-66 g., 10 mmoles), in chloroform (40 ml.) 
at 0° was treated with ozone until 20 mmoles had been absorbed. The vessel was purged with 
nitrogen, and 10% aqueous sodium hydroxide (20 ml.) and 30% hydrogen peroxide (10 ml) 
were added. The whole was heated at 60° with stirring for 1 hr. The chloroform was distilled 
off and the alkaline liquors were acidified with 10% hydrochloric acid. The yellow precipitate 
(0-5 g.) was filtered off and chromatographed on alumina, giving unchanged fluorene (0-23 g., 
13-8%), fluorenone (0-1 g., 6%), m. p. and mixed m. p. 84°,, and an orange resin (0-13 g.). The 
acidic filtrate was evaporated to dryness and the residue extracted with acetone in a Soxhlet 
apparatus. Removal of the acetone left a fawn powder (1-1 g.) which on crystallisation from 
10% hydrochloric acid (charcoal) gave homophthalic acid (0-64 g., 64%), m. p. and mixed m. p. 
182°; its identity was confirmed by its infrared spectrum. 

When this experiment was repeated with 3 mols. of ozone all the hydrocarbon reacted, 
giving fluorenone (0-09 g., 6%) and homophthalic acid (1-12 g., 62%) in almost the same yield 
as before. 

Ozonolysis of Fluorenone.—Ozone was passed through a solution of fluorenone (1-80 g., 
10 mmoles) in carbon tetrachloride (60 ml.) at —20° until 20 mmoles had been absorbed 
(200 min.). The solution, after treatment with alkaline peroxide and removal of the solvent, 
was acidified with 10% hydrochloric acid. Unchanged fluorenone (0-89 g., 49-4%) was 


16 Boer, Rec. Trav. chim., 1948, 67, 217; 1951, 70, 1020. 
17 Vogel, ‘‘ A Textbook of Practical Organic Chemistry,’’ Longmans, Green and Co., 2nd edn., p. 174. 
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filtered off and the filtrate evaporated to dryness. A hot acetone extract of the residue yielded 
a solid which on crystallisation from 10% hydrochloric acid afforded plates of phthalic acid 
(0-72 g., 73%), m. p. 196° (decomp.) and mixed m. p. 197° (decomp.). 

Benzo[b]fluorene.—(a) The synthesis used was that described by Koelsch * except that an 
alternative method of dehydrogenation was used in the last stage. 1,2,3,4-Tetrahydrobenzo- 
[bjfluorene (2 g.) was heated under reflux for 12 hr. with a 10% palladium-charcoal catalyst 
(0-5 g.) in redistilled p-cymene (50 ml.) in a stream of carbon dioxide. After removal of the 
catalyst and solvent, benzo[b]fluorene remained as a solid residue which crystallised in plates 
(1-75 g., 89%), m. p. 210°, from benzene. Koelsch obtained a 22% yield of material, m. p. 
204—206° by using sulphur. 

(b) Benzo[b]fluorenone (13-3 g.), potassium hydroxide (13-3 g.), ethylene glycol (350 ml.), 
and 80% hydrazine hydrate (40 ml.) were together heated under reflux for 6 hr. Water and 
excess of hydrazine were distilled off until the temperature rose to 197—198°. After a further 
§ hours’ heating, during which the red solid hydrazone gradually disappeared, the mixture was 
cooled and poured into 10% hydrochloric acid (1500 ml.), and the precipitated benzo[b]fluorene 
(12-24 g., 98%), m. p. 210°, was filtered off. 

Ozonolysis of Benzo[b] fluorene.—Benzo[b]fluorene (2-16 g., 10 mmoles) was ozonised in chloro- 
form (60 ml.) at 0° until a 2-molar absorption occurred. After treatment with alkaline peroxide 
and removal of the solvent as before, the mixture was filtered to remove a yellow powder 
(0-32 g.) which was chromatographed on alumina, giving unchanged starting material (0-1 g., 
46%) and a brown resin (0-21 g.). Acidification of the filtrate gave a powder which on 
crystallisation from aqueous acetone (charcoal) yielded fluorene-2,3-dicarboxylic acid (0-48 g., 
19%), m. p. 264—265°, as pale yellow needles (Found: C, 70-65; H, 42%; equiv., 127. 
CHO, requires C, 70-9; H, 40%; equiv., 127). Its dimethyl ester separated from light 
petroleum (b. p. 100—120°) in colourless needles, m. p. 86° (Found: C, 72-1; H, 5-0. C,,H,,O, 
requires C, 72-3; H, 5-0%). Decarboxylation of the acid with copper powder and quinoline 
gave bifluorenylidene, m. p. and mixed m. p. 187°. The acid filtrate after removal of the 
fluorenone diacid was evaporated to dryness and extracted with hot acetone. Fractional 
crystallisation of the acetone-soluble material from ethyl acetate, in which phthalic is less 
soluble than homophthalic acid, followed by crystallisation of the fractions from water, gave 
these two acids in yields of 30% (0-46 g.) and 29% (0-50 g.) respectively. 

In a repetition of this experiment the esterification of the crude fluorenedicarboxylic acid 
gave a small quantity, about 10%, of dimethyl fluorenone-2,3-dicarboxylate, m. p. and mixed 
m. p. 154°. 

Benzo[b]fluorenone.—This was prepared in 36% yield by condensing indan-l-one with 
phthalaldehyde and crystallised in yellow prisms, m. p. 154°, from ethanol.** Indan-l-one 
was obtained in 57% yield by adding a solution of chromic oxide (125 g.) in acetic anhydride 
(11) to one of indane (100 g.) in the same solvent (250 ml.) during 2 hr. at 5—10°. After a 
further 2 hours’ stirring the mixture was poured on ice and extracted with ether. The solution 
was washed, dried and evaporated, and the residue distilled under reduced pressure, giving 
indane (13-6 g.), b. p. 85—95°/23 mm., and indan-l-one (57-3 g.), b. p. 127—130°/23 mm., m. p. 
40—42°. 

Ozonolysis of Benzo[b]fluorenone.—Benzo[b]fluorenone (2-30 g., 10 mmoles) was ozonised in 
chloroform (60 ml.) at 0° until 20 mmoles had been taken up. Treatment with alkaline peroxide 
and removal of the solvent yielded a yellow resin (0-18 g.) which was filtered off. Acidification 
of the filtrate gave crude fluorenone-2,3-dicarboxylic acid (0-99 g., 34%), m. p. 314—316°. 
Crystallisation from acetic acid gave yellow needles, m. p. 320—321° (sealed and open tubes) 
(Found: C, 66-7; H, 3-2. Calc. for C,,H,O,: C, 67-2; H, 30%). The anhydride, prepared 
from the acid by treatment with acetic anhydride, crystallised from this solvent in yellow needles, 
m. p. 322—-323° (Found: C, 72-0; H, 2-5. Calc. for C,;H,O,: C, 72-0; H, 2-4%). It gavea 
dimethyl ester, yellow needles [from light petroleum (b. p. 100—120°)], m. p. 154° (Found: C, 
68-9; H, 4:2. Calc. for C,,H,,0,: C, 68-9; H, 4:1%). Lothrop and Coffman ™ give m. p. 
250-—275° for the acid, 322—-323° for the anhydride, and 131—133° for the ester. Decarboxyl- 
ation of the acid with copper powder and quinoline gave fluorenone (54%). The acidic filtrate 
after removal of the fluorenone diacid was evaporated to dryness and the residue extracted with 


8 Thiele and Schneider, Annalen, 1909, 369, 287; Thiele and Wanscheidt, ibid., 1910, 376, 269. 
* Lothrop and Coffman, J. Amer. Chem. Soc., 1941, 68, 2564. 
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acetone; the extracted material gave phthalic acid (1-20 g., 36%) on crystallisation from 
10% hydrochloric acid. 


The authors thank Dr. H. Boer for his most helpful advice, Mr. G. A. Vaughan for the 
analyses, Mr. W. G. Wilman for the infrared examinations, and Mr. F. Brook for experimental 
assistance. 
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650. T'hiadiazoles. Part IX.* Reactions of Diazonium Salts 
Derived from 3-Amino-1,2,4-thiadiazoles. 
By FREDERICK KURZER and SHEILA A. TAYLOR. 


3-Halogeno- and 3-hydroxy-1,2,4-thiadiazoles are synthesised from the 
corresponding 3-amino-compounds by way of the diazonium salts. 

Of the properties of the new 3-halogeno-1,2,4-thiadiazoles, their remark- 
able stability, and the relative inertness of the 3-halogen substituent are 
noteworthy. 


3-HALOGENO-1,2,4-THIADIAZOLES (IV; X = halogen) have not previously been described. 
Unlike the 5-halogeno-isomers?? they are not available by ring-closure of suitable 
precursors. No 1,2,4-thiadiazoles [except the parent compound (IV; R = X = H)] are 
known in which the free 3-position is available for direct halogenation. Our preliminary 
work aimed at replacing 3-hydroxy-groups by halogen gave discouraging results; in any 
case, the scope of this route is at present limited, because only few 3-hydroxy-1,2,4-thiadi- 
azoles are known.* On the other hand, a variety of 3-amino-1,2,4-thiadiazoles (II) is readily 


obtainable,*’ and, in the form of the corresponding diazonium salts, these are clearly a 
potential source of both 3-halogeno- and 3-hydroxy-derivatives. The applicability of the 
Sandmeyer-Gattermann and related reactions, already established in the synthesis of 
the 5-halogeno-analogues,® has therefore now been examined in some detail. Our experi- 
ments using representative 3-amino-5-aryl(or alkylamino or arylamino)-1,2,4-thiadiazoles 
have met with varying success. 

Favourable results were obtained with 3-amino-5-aryl-1,2,4-thiadiazoles (II; R = Ar). 
In spite of the presence of the guanidino-group, they are very feeble bases (e.g., II, R = Ph, 
has pK, 0-1),® being markedly weaker than the 5-amino-isomers (e.g., I, R = Ph, pK, 1-4). 
In strong acids (e.g., concentrated phosphoric acid) the 3-amino-homologue (II; R = Ph) 
is convertible into the diazonium salt which undergoes coupling reactions, but with active 
compounds only,® in contrast to the diazonium salt derived from the isomer (I; R = Ph), 
which couples readily with phenol ethers and aromatic hydrocarbons.® 

3-Chloro-5-phenyl-1,2,4-thiadiazole (IV; R = Ph, X = Cl) was obtained in fair yield 
(40—54%) by diazotising the 3-amino-analogue (II; R = Ph) in concentrated hydro- 
chloric acid in the presence of copper. Yields were reduced when copper was absent, or 
when it was added after the diazotisation was complete, or on employing the “ inverse 


* Part VIII, J., 1959, 2851 


1 Goerdeler, Groschopp, and Sommerlad, Chem. Ber., 1957, 90, 182. 
® Goerdeler and Sperling, Chem. Ber., 1957, 90, 892. 
* Kurzer, Chem. and Ind., 1956, 1482; Kurzer and Taylor, J., 1958, 379. 
* Kurzer, J., 1955, 1, 2288. 
5 Kurzer, J., 1956, 2345. 
Goerdeler and Finke, Chem. Ber., 1956, 89, 1033. 
7 Kurzer, J., 1956, 4524. 
® Goerdeler, Ohm, and Tegtmeyer, Chem. Ber., 1956, 89, 1534. 
* Taube, G.P. 927,944/1955. 
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procedure ”” (cf. Experimental). Substantial proportions of by-product, which, were 
invariably formed, consisted of 3-hydroxy-5-phenyl-1,2,4-thiadiazole (VIII; R = Ph) and 
benzoylurea #° (VII; R= Ph). The formation of the latter is probably due to the usual 
ring fission of the heterocyclic nucleus at the sulphur-nitrogen link *® (in either II or III), 
followed by loss of sulphur, and hydrolysis of the guanidino-residue of the intermediate 
N— SR N NH, N N.X N x N— or’ 
unl al a7 lh oe ahh ie al f 
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(e.g., VI). The 3-hydroxy-analogue (VIII) arises directly from the diazonium salt in a 
parallel reaction, because it is unobtainable from the 3-chloro-compound (IV; R = Ph, 
X = Cl) (see below) but becomes the main product of the diazotisation under appropriate 
conditions. 3-Bromo-5-phenyl-1,2,4-thiadiazole (IV; R = Ph, X = Br) was obtained in 
low yield by the “ inverse procedure; ’’ the Sandmeyer reaction employing cuprous 
bromide #4 instead of copper powder gave at most only traces of the required compound. 

3-Amino-5-methylamino- and -anilino-1,2,4-thiadiazole afforded only minute yields 
(5 and 8% respectively) of the 3-chloro-derivatives (IV; R = Me-NH or Ph-NH, X = C)). 
Since the reaction mixtures were intensely deep green to brown in these, but not other, 
diazotisations it is probable that the formation of labile nitrosamines, involving the methyl- 
amino- or anilino-group, interfered with the course of the reaction. 

In contrast with 5-halogenated 1,2,4-thiadiazoles, 3-chloro-5-phenyl-1,2,4-thiadiazole 
was remarkable for its stability and for the relative inertness of the halogen substituent 
towards most nucleophilic reagents. It resisted catalytic hydrogenation under conditions 
that change the 5-bromo-analogue into the parent base ® and was unaffected by hot con- 
centrated sulphuric acid which converts 5-chloro-1,2,4-thiadiazole ® and its 3-phenyl 
analogue! into the hydroxy-compounds. It yielded neither 3-alkyl(or aryl)amino- 
derivatives, nor the toluene-f-sulphonylhydrazine; Albert and Royer’s ™ indirect route 
to the hydrocarbon (IV; X = H) by hydrolytic decomposition of the latter derivative was 
therefore inapplicable. Reductive diazotisation ™ of the 3-amino-compound also failed 
to yield the hydrocarbon. The halogen in (IV; R = Ph, X = Cl) was not replaceable by 
cyano- or thiol groups by the action of cuprous cyanide, or by thiourea and potassium 
hydroxide! The attempted direct introduction of the cyano-group by treatment of the 
diazonium salt (III) solution with cuprous cyanide ™ was also unsuccessful. In alkaline 
media, however, the stability of 3-chloro-5-phenyl-1,2,4-thiadiazole was much reduced, 
the compound being decomposed completely by alcoholic potassium hydroxide. Nucleo- 
philic substitution of halogen by alkoxy-groups occurred under the influence of sodium 
alkoxide in an excess of the appropriate alcohol: 3-methoxy-, 3-benzyloxy-, and 3-2’- 
hydroxyethoxy-derivatives (V; R = Ph, R’ = Alk) were thus obtained in good yield. 

Although numerous observations are on record concerning the contrasting reactivity 
towards nucleophilic reagents of halogen substituents in different positions of heterocyclic 
systems, the behaviour of relatively few strictly comparable sets of isomers appears to 
have been studied."8 The inertness of chlorine to nucleophilic reagents in 3-chloro-5- 
phenyl-1,2,4-thiadiazole, and its known }®14 mobility in the 5-chloro-3-phenyl isomer 


%” Ostrogovich, Bul. soc. stiinte Cluj, 1929, 4, 538. 

* Saunders, “‘ The Aromatic Diazo Compounds,” Arnold, London, 1947. 

* Albert and Royer, J., 1949, 1148. 

13 See, for example, Chapman and Rees, J., 1954, 1190; Chapman and Russell-Hill, /., 1956, 1563. 
“ Goerdeler and Deselaers, Chem. Ber., 1958, 91, 1025. 
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suggests, in general terms, a high electron-density in the region of the 3-position, and an 
electron-deficiency in that of the 5-position of the 1,2,4-thiadiazole system. Attention js 
drawn to the formal analogy of the present results with relevant observations in the 
thiazole series: 2-halogenothiazoles (in which the halogen occupies a position between 
heterocyclic nitrogen and sulphur, as in 5-chloro-1,2,4-thiadiazoles) are reactive, while the 
4- and the 5-halogenated isomers are inert. 

3-Hydroxy-5-phenyl-1,2,4-thiadiazole (VIII; R= Ph) was unobtainable from the 
3-chloro-compound, but was prepared in satisfactory yields by decomposition of the 
diazonium salt (III) in warm aqueous sulphuric acid. This observation accounts for the 
occurrence of the hydroxy-compound as a by-product in other reactions involving 
diazonium salt solutions. As expected it was a stable compound of phenolic character, 
which gave, like the 5-anilino-analogue,? a red colour with neutral ferric chloride, but 
failed to afford ketonic derivatives. Its mono-acyl and -sulphonyl derivatives, obtained 
by the usual methods, are formulated as phenolic esters (V; R’ = Ac, Bz, or p-CgH,MeSO,). 

Diazotisation of 3-amino-5-anilino-1,2,4-thiadiazole with nitrosylsulphuric acid in con- 
centrated sulphuric acid and subsequent decomposition of the diazonium salt with water 
similarly provided the known ® 5-anilino-3-hydroxy-1,2,4-thiadiazole, though in low yield, 
This diazotisation failed in the presence of water, possibly owing to formation of the 
5-nitrosamine. This suggestion is supported by the observation that the yield of 
3-methyl-5-nitrosamino-1,2,4-thiadiazole from the 5-amine varies inversely with the 
acidity of the medium. 


EXPERIMENTAL 


Light petroleum was of boiling range 40—60° unless otherwise stated. Pyridine was the 
commercially available anhydrous grade. 

3-Chloro-5-phenyl-1,2,4-thiadiazole.—A solution of 3-amino-5-phenyl-1,2,4-thiadiazole 7 (7-08 
g., 0-04 mole) in concentrated hydrochloric acid (120 ml., 1-2 moles) was cooled to approximately 
—10° (ice—calcium chloride hexahydrate). A little copper powder '* was added and the stirred 
suspension was treated dropwise with sodium nitrite (5-6 g., 0-08 mole) in water (15 ml.) during 
45 min. at —10° to —5° (avoiding the production of nitrous fumes). A little more 
copper powder was added and the yellow-to-green frothy suspension stirred during 15 min. at 
—8°, during 1—1-5 hr. at room temperature, and finally during 20 min. at 50—60° to complete 
the decomposition of the diazonium salt. The resulting suspension of yellow-to-green powder 
(and occasionally oily droplets) and pale brown liquid was diluted with water (200 ml.) and 
stored at 0° (the oil solidified). The crude solid was collected, washed with water, air-dried, 
and exhaustively extracted with boiling light petroleum (residue A). Evaporation of the 
extracts under reduced pressure gave 3-chloro-5-phenyl-1,2,4-thiadiazole as yellow granules, 
m. p. 60—62° (after sintering at 58°) (3-3—4-2 g., 42—54%). Repeated crystallisation from 
light petroleum gave a pale yellow powder, m. p. 62—63° (after sintering at 61°) (Found: C, 
49-2; H, 2-5; N, 13-9; S, 16-3. C,H,N,SCl requires C, 48-9; H, 2-5; N, 14-25; S, 163%). 
The compound was highly soluble in the usual organic solvents except light petroleum, but was 
also crystallisable from small volumes of aqueous ethanol (1 : 9) or acetone (1: 4); it was light- 
sensitive, slowly becoming orange-pink on exposure. 

The use of the “‘ inverted procedure ”’ (cf. 3-chloro-5-anilino-1,2,4-thiadiazole, below) gave 
diminished yields (25%) of 3-chloro-5-phenyl-1,2,4-thiadiazole, as did experiments carried out 
without the use of copper 17 (10—15%). 

Residue A (2-5—5-5 g.) was green or greenish-brown, depending on the amount of copper 
present. It was partially fractionated into its constituents as follows: (a) The residue (2-5 g.) 
from an experiment was extracted at 50° with n-sodium hydroxide (30 and 15 ml. successively), 
and the filtered (pump) combined extracts (alkali-insoluble residue: 0-85 g.) were acidified to 


18 Sprague and Land, in Elderfield, ‘‘ Heterocyclic Compounds,”’ Vol. V, Wiley, New York and 
London, 1957, pp. 542—547. 

16 Cumming, Hopper, and Wheeler, ‘‘ Systematic Organic Chemistry,” Constable, London, 1937, 
p. 508. 

17 Kogon, Minin, and Overberger, Org. Synth., 1955, 35, 34. 
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Congo Red with 3n-hydrochloric acid. The white precipitate was collected, washed with water 
(1-3 g.), and gave, on crystallisation from ethanol, 3-hydroxy-5-phenyl-1,2,4-thiadiazole, m. p. 
and mixed m. p. with authentic material (see below) 202—203° (decomp.) (0-65 g.). 

(b) The residue (5 g.) was extracted with boiling water (5 x 30 ml.). The filtered aqueous 
extracts deposited a white solid (1-8 g.) which was extracted with boiling ethanol (20 ml.). The 
insoluble fraction (1-1 g.) gave, on two crystallisations from acetone-ethanol, needles of 
penzoylurea (0-85 g.), m. p. and mixed m. p. with authentic material # 211—213° (Found: C, 
58-4; H, 4:6; N, 17-6. Calc. for C,H,O,N,: C, 58-5; H, 4-9; N, 17-1%). The ethanol 
extracts gave, on spontaneous evaporation, reprecipitation of the crystalline residue from its 
alkaline solution by acid, and recrystallisation of the precipitate, 3-hydroxy-5-phenyl-1,2,4- 
thiadiazole, m. p. and mixed m. p. 201—203° (decomp.) (0-4 g.). The water-insoluble residue 
(28 g.) contained the same compound, m. p. 202—203° (decomp.), which was isolated as 
described in (a) (0-3 g.). 

$-Chloro-5-phenyl-1,2,4-thiadiazole resisted hydrogenation at atmospheric pressure in the 

nce of Raney nickel § or Adams platinum catalyst,!* being recovered almost quantitatively. 
It was unaffected when heated in concentrated sulphuric acid solution at 100° during 3 hr.,® 
but was completely decomposed when refluxed in M-potassium hydroxide (in 50% aqueous 
ethanol) during 30 min. The compound was recovered (70%) after treatment with methyl- 
amine under conditions which convert 5-bromo- into 5-methylamino-1,2,4-thiadiazole * and 
failed to yield the 3-anilino-analogue with potassium-aniline.!® It was destroyed by hydrazine,? 
and failed to react with toluene-p-sulphonylhydrazine !* (recovery 80%). It was not con- 
vertible into the 3-cyano-derivative by cuprous cyanide, in the absence ®° or presence *? of 
pyridine, the reactant being recovered in the former case, and converted into intractable gunis 
in the latter. It did not give the 3-thiol on treatment with thiourea—potassium hydroxide 4 
(recovery 90%). 

3-Bromo-5-phenyl-1,2,4-thiadiazole-—An intimate mixture of 3-amino-5-phenyl-1,2,4-thia- 
diazole 7 (1-77 g., 0-01 mole) and sodium nitrite (3-45 g., 0-05 mole) was added in small portions 
at —6° to —8° during 30 min. to stirred 35% hydrobromic acid (35 ml.) containing a little 
copper powder.* The resulting brown suspension was stirred at —8° during 20 min., during 
1-5 hr. while it attained room-temperature, and finally at 50—55° until no more nitrogen was 
evolved. After being cooled to room temperature, the brown mixture containing oil was added 
to water (50 ml.), the oily layer B separated from the aqueous phase, and the latter extracted 
with ether (3 x 25 ml.). The oily layer B was also extracted with ether (5 x 25 ml.), giving an 
orange ethereal solution and an unidentified olive-brown solid residue (0-8—1 g., which was 
probably similar in composition to residue A, above). The combined ethereal extracts were 
evaporated and the remaining yellow oil extracted with light petroleum (3 x 10 ml.), leaving a 
residue of yellow gum. The extract afforded 3-bromo-5-phenyl-1,2,4-thiadiazole, as minute 
pale yellow flakes, m. p. 64—66-5° (after sintering at 62°) [from light petroleum (b. p. 60—80°)} 
(0-52 g., 22%) (Found: C, 39-9; H, 2-1; N, 11-6. C,H,;N,SBr requires C, 39-85; H, 2-1; N, 
116%). This compound was also obtained in 12% yield by the procedure described for the 
3-chloro-analogue (but with 60% hydrobromic acid), and formed white granules, m. p. and 
mixed m. p. 64—66°. 

5-Anilino-3-chloro-1,2,4-thiadiazole—A mixture of 3-amino-5-anilino-1,2,4-thiadiazole > 
(solvate; 2-38 g., 0-01 mole) and sodium nitrite (3-45 g., 0-05 mole) was added during 45 min. to 
stirred concentrated hydrochloric acid (30 ml.) at —8°, and the intense green mixture treated 
and worked up as described in the foregoing paragraph. The dark-brown crude product was 
extracted with boiling methanol (70 ml.), the extracts were evaporated to dryness, and the 
residue was extracted with boiling chloroform (20 ml.). This extract gave, on spontaneous 
evaporation, a pale brown powder (m. p. 138—141°; 0-15 g., 7%) which yielded, on crystallis- 
ation from 50% aqueous ethanol (4 ml.), pale pink granular 5-anilino-3-chloro-1,2,4-thiadiazole, 
m. p. 139—141° (Found: C, 45-6; H, 2-9; N, 20-1; S, 14-9. C,H,N,SCl requires C, 45-4; H, 
28; N, 19-9; S, 15-1%). 

3-Chloro-5-methylamino-1,2,4-thiadiazole-—Finely powdered 3-amino-5-methylamino-1,2,4- 
thiadiazole toluene-p-sulphonate * (3-02 g., 0-01 mole), suspended in concentrated hydrochloric 


#8 Adams, Voorhees, and Shriner, Org. Synth., Coll. Vol. I, p. 463 (1941). 
® Scardiglia and Roberts, J. Org. Chem., 1958, 28, 629. 
* Adams and Slack, J., 1959, 3061. 
*t Ashley and Macdonald, /J., 1957, 1668. 
5M 
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acid (30 ml.) containing copper powder,’* was treated with sodium nitrite (1-4 g., 0-02 mole) in 
water (5 ml.) at —8° during 15 min., and the mixture was stirred at — 8° during 15 min., at room 
temperature during 30 min. and at 50—60° during 15 min. The green suspension was diluted 
with water (50 ml.) and extracted exhaustively with ether (4 x 30 ml.), then chloroform 
(4 x 20 ml.). Removal of the solvents from the combined extracts gave a minute yellow 
residue, which, crystallised from water (2 ml.), consisted of pale yellow felted needles (0-07— 
0-1 g., 5—7%) of 3-chloro-5-methylamino-1,2,4-thiadiazole, m. p. 132—134° (Found: C, 246. 
H, 2-8. C,H,N,SCl requires C, 24-1; H, 2-7%). The product was very soluble in water. 

A number of attempts to prepare 3-iodo-5-phenyl-1,2,4-thiadiazole by interaction of the 
appropriate diazonium salt solution with potassium iodide under various conditions were 
unsuccessful. One example ” is the following: 

The stirred yellow liquid obtained on dissolving 3-amino-5-phenyl-1,2,4-thiadiazole ? (1-77, 
0-01 mole) in concentrated sulphuric acid (10 ml.) was treated successively at —8° with sodium 
nitrite (0-76 g., 0-011 mole) in concentrated sulphuric acid (10 ml.) during 10 min., with 80%, 
phosphoric acid (10 ml.) during 60 min., powdered urea (2 g.) during 5 min., and finally 
potassium iodide (1-7 g., 0-01 mole) in water (2 ml.)-80% phosphoric acid (1 ml.) during 30 min, 
The mixture was stirred at room temperature during 3 hr., then added to ice (100 g.), the almost 
black solid was collected (filtrate F), washed with aqueous sodium hydrogen sulphite, and the 
brown powdery residue almost completely dissolved in N-sodium hydroxide (2 x 10 ml). 
Acidification of the filtered extract gave a white precipitate (m. p. 196—200°; 0-68 g., 38%) of 
3-hydroxy-5-phenyl-1,2,4-thiadiazole, m. p. and mixed m. p. 202—204° (from ethanol). 
Basification of filtrate F (cooling) gave a white precipitate (m. p. 129—134°; 0-40 g., 23%) of 
the starting material. 

3-Methoxy-5-phenyl-1,2,4-thiadiazole.—3-Chloro-5-phenyl]-1,2,4-thiadiazole (0-49 g., 0-0025 
mole), dissolved in a solution from sodium (0-23 g., 0-01 g.-atom) in methanol (5 ml.), was refluxed 
during 2 hr. A white precipitate was formed slowly. The mixture was stirred into ice-water, 
and the white solid collected at 0°. The aqueous filtrate contained chloride ions. The crude 
product (0-44 g.) gave lustrous white prisms of 3-methoxy-5-phenyl-1,2,4-thiadiazole, m. p. 50— 
51° (from very little light petroleum) (0-33 g., 68%) (Found: C, 56-8; H, 4:25; N, 14:3; §S, 
16-15. C,H,ON,S requires C, 56-25; H, 4-2; N, 14-6; S, 16-7%). 

3-Benzyloxy-5-phenyl-1,2,4-thiadiazole.—3-Chloro-5-phenyl-1,2,4-thiadiazole (0-0025 mole), 
when added to a solution from sodium (0-01 g.-atom) in benzyl alcohol (4 ml.) at 80°, gavea 
brown suspension, which was heated on the steam-bath during 1-5 hr. The mixture was diluted 
with 0-5n-hydrochloric acid (0-015 mole), the benzyl alcohol removed by steam-distillation, and 
the residual oil extracted with ether. Removal of the solvent, storage of the residue in a 
vacuum-desiccator (to remove the last traces of benzyl alcohol), and crystallisation from light 
petroleum (b. p. 60—80°) gave large prisms (0-36 g., 54%) of 3-benzyloxy-5-phenyl-1,2,4-thiadi- 
azole, m. p. 67—69° (Found: C, 67-2; H, 3-8; N, 10-1; S, 11-4. C,;H,,ON,S requires C, 67:2; 
H, 4-5; N, 10-45; S, 11-9%). 

3-2’-Hydroxyethoxy-5-phenyl-1,2,4-thiadiazole.—3-Chloro-5-phenyl-1,2,4-thiadiazole  (0-0025 
mole), in a solution from sodium (0-012 g.-atom) in ethylene glycol (4 ml.), was heated, with 
occasional shaking, on the steam-bath during 2 hr. The lower layer gradually dissolved, giving 
a brown suspension. The mixture was stirred into water (50 ml.), and the solidified oil (m. p. 
81—82°; 0-42 g., 75%) crystallised from light petroleum—methanol (30:1); the thiadiazole 
formed needles, m. p. 83—84° [Found: C, 54-4; H, 4:8; N, 12-1%; M (cryoscopically, in 
thymol), 200. Cy 9H,O,N,S requires C, 54:1; H, 4-5; N, 126%; M, 222]. 

3-Hydroxy-5-phenyl-1,2,4-thiadiazole.—Finely powdered 3-amino-5-phenyl]-1,2,4-thiadiazole’ 
(1-77 g., 0-01 mole) was dissolved in concentrated sulphuric acid (15 ml.) and water (15 ml). 
The stirred suspension, kept at approx. —10°, was diazotised by the dropwise addition of a 
solution of sodium nitrite (1-04 g., 0-015 mole) in water (4 ml.) during 12 min. and then stirred 
at —10° for a further 15—20 min. The temperature of the resulting yellow frothy mixture 
was allowed to rise spontaneously to 25° during 30 min., the turbid yellow liquid diluted with 
water (25 ml.), and the resulting suspension heated to 100° to complete the reaction. After 
storage at 0°, the coagulated solid was collected, washed with water, and dissolved in N-aqueous 
sodium hydroxide (20 ml., 0-02 mole). Acidification of the filtered solution with hydrochloric 
acid gave a pale yellow powder which recrystallised from ethanol (15—20 ml. per g.), affording 
lustrous flakes of 3-hydroxy-5-phenyl-1,2,4-thiadiazole, m. p. 203—204° (after sintering at 202°) 


#2 Sandin and Cavins, Org. Synth., Coll. Vol. II, p. 604 (1943). 
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(1-04 g., 58%) (Found: C, 54:3; H, 3-7; N, 15-6; S, 18-2. C,H,ON,S requires C, 53-9; H, 
3-4; N, 15:7; S, 180%). A small second crop (10%) was obtained from the filtrate. A 
solution of the thiadiazole in methanol gave a deep red colour with aqueous ferric chloride. 
The compound failed to yield a 2,4-dinitrophenylhydrazone under the usual conditions. 
Derivatives. 3-Hydroxy-5-phenyl-1,2,4-thiadiazole (0-45 g., 0-0025 mole) in acetic anhydride 
(8 ml.) was refluxed during 20 min. and then stirred into ice-water. The pale brown precipitate, 
crystallised from ethanol, gave pale yellow needles (0-36 g., 65%) of the monoacetyl derivative, 
m. p. 141—142° (after sintering at 138°) (Found: C, 548; H, 3-8. C,,H,O,N,S requires C, 
54:5; H, 36%). The thiadiazole (0-0025 mole) in pyridine (5 ml.) was treated with benzoyl 
chloride (0-7 g., 0-005 mole) at 100° during 15 min. The monobenzoyl derivative, isolated in the 
usual manner, formed yellow prisms, m. p. 73—75° (from ethanol) (total, 0-42 g., 60%) (Found: 
C, 63-3; H, 3-6. C,;HyO,N,S requires C, 63-8; H, 35%). Interaction of the thiadiazole 
(00025 mole) and toluene-p-sulphonyl chloride (0-95 g., 0-0025 mole) in pyridine (4 ml.) at 100° 
during 30 min., followed by the usual isolation, gave the monotoluene-p-sulphonyl derivative, 
forming needles, m. p. 93—94°, after three crystallisations from ethanol (0-67 g., 81%) (Found: 
C, 54:3; H, 3-5; N, 8-2; S, 19-2. C,;H,,O,N,S, requires C, 54-2; H, 3-6; N, 8-4; S, 19-3%). 
3-Hydroxy-5-p-nitrophenyl-1 ,2,4-thiadiazole.—3- Amino-5- p-nitrophenyl - 1,2,4-thiadiazole ? 
(0-55 g., 0-0025 mole) in concentrated sulphuric acid (5 ml.)-water (5 ml.) was treated, at — 6° 
to —8°, with sodium nitrite (0-26 g., 0-00375 mole) in water (2 ml.) during 10 min. (transient 
colour change to green), stirred at —6° to —8° during 15 min., and finally allowed to come to 
room-temperature (1 hr.). After being diluted with water (10 ml.), the suspension was kept at 
approx. 100° for a few minutes until effervescence ceased. After storage at 0°, the crude 
product (0-42 g.) was collected, washed with water, and air-dried. Crystallisation from 
methanol (45 ml. per g.) yielded 3-hydroxy-5-p-nitrophenyl-1,2,4-thiadiazole as orange granules, 
m. p. 251—253° (decomp., subject to the rate of heating) (0-18—0-24 g., 33—43%) (Found: C, 
42-8; H, 2:3; N, 19-4. C,H,O,N,S requires C, 43-05; H, 2-2; N, 18-8%). 
5-Anilino-3-hydroxy-1,2,4-thiadiazole-—Powdered sodium nitrite (1-04 g., 0-015 mole) was 
added to chilled concentrated sulphuric acid (10 ml.), the temperature being allowed to rise 
sufficiently so that all the solid dissolved. This solution was added during 15 min. to a stirred 
suspension of finely powdered 3-amino-5-anilino-1,2,4-thiadiazole solvate ® (2-38 g., 0-01 mole) 
in concentrated sulphuric acid (10 ml.), kept at —8° to —10°. The mixture was stirred 
vigorously at <5° while 85% phosphoric acid (15 ml.) was added during 40 min. to complete 
the diazotisation.1! After being stirred for a further 45 min. at —5°, the viscous solution was 
carefully poured into ice-water (frothing). The liquid was warmed to 50° during 10 min., 
filtered from a little gum, and adjusted to pH 4 with 40% aqueous sodium hydroxide (80 ml.). 
The resulting precipitate was collected at 0°, washed with water, extracted with cold 3N-sodium 
hydroxide (2 x 10 ml.; extract C), and finally dissolved in hot 1-5n-sodium hydroxide 
(2 x 20 ml.). Acidification of the filtered solution with hydrochloric acid gave a precipitate 
(0-85 g.) which consisted, after crystallisation from acetone-ethanol, of 5-anilino-3-hydroxy- 
1,2,4-thiadiazole, m. p. and mixed m. p. 207—208° (0-72 g., 37%) (Found: C, 50-2; H, 3-6. 
Calc. for C,H,ON,S: C, 49-7; H, 3-6%). Extract C: Acidification gave a small yield of crude 
unidentified material, m. p. between 152° and 159°, not identical with the required product. 
Attempted Halogenation using Phosphorus Oxychloride.—A solution of 5-anilino-3-hydroxy- 
1,2,4-thiadiazole * (0-5 g.) in phosphorus oxychloride (3 ml.) was refluxed during 30 min.** The 
yellow liquid, stirred into ice, gave an uncrystallisable resinous solid. After treatment at 
60—70° during 30 min., the starting material was substantially recovered. Addition to the 
above mixture of dimethylaniline (1 ml.) (which greatly accelerates the formation of 2,4,6-tri- 
chloropyrimidine from barbituric acid 4) did not give more favourable results. 


We thank the Council of the Chemical Society for a grant from the Research Fund. 
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651. Thiadiazoles. Part X.* The Synthesis and Isomerisation of 
2-Aryl-5-arylamino-3-arylimino-A4-1 ,2,4-thiadiazolines. 
By FREDERICK KuURZER and PuyLiis M. SANDERSON. 


Oxidising agents cyclise l-aryl-3-(NN’-diarylamidino)thioureas to 2-aryl- 
5-arylamino-3-arylimino-A‘-1,2,4-thiadiazolines, which isomerise readily to 
2-(NN’-diarylguanidino)benzothiazoles. The structure of the latter com- 
pounds is confirmed by degradation and independent synthesis. 


Previous parts of this series! have shown the general applicability of the synthesis of 
1,2,4-thiadiazoles by oxidative ring closure of compounds incorporating the grouping 
-C(:NH)-NH-C(S)-. To establish whether secondary amino-groups could take part in 
cyclisations of this type, suitably substituted compounds have now been examined, 
Although trisubstituted amidinothioureas (I) are not the simplest models complying with 
the structural requirements, they were chosen for two reasons: First, such experiments 
formed an extension to work on simpler amidinothioureas and 3,5-diamino-1,2,4-thiadi- 
azoles,! providing data for comparison with such prototypes. Secondly, further inform- 
ation could reasonably be expected concerning the relative ease of formation of the (benzo)- 
thiazole and 1,2,4-thiadiazole nucleus. 

1-(NN’-Diphenylamidino)-3-phenylthiourea (I; R = H, Ar = Ph) was rapidly oxidised 
by bromine or acidified hydrogen peroxide in the familiar manner ! to yield, respectively, 
the hydrobromide or hydrochloride of a base, which, from its mode of formation, com- 
position, and properties, is formulated as 5-anilino-2-phenyl-3-phenylimino-A‘-1,2,4-thia- 
diazoline (II; R= H, Ar= Ph). The 5-f-tolylamino-homologue (II; R = Me, Ar= 
Ph) was similarly prepared, but the structure of its isomer derived from 1-phenyl-3-(N- 
phenyl-N’-p-tolylamidino)thiourea (I; R = H, Ar = p-C,H,Me) remains undecided in one 
detail; depending whether the #-tolylamino- or anilino-group is concerned in the ring 
closure, this compound is to be formulated as 5-anilino-3-phenylimino-2-#-tolyl- or 
-2-phenyl-3-p-tolylimino-1,2,4-thiadiazoline. The ultraviolet absorption spectra of the 
three thiadiazolines (II) were almost identical (cf. Figure and Table). The influence 
of the replacement of a phenyl by a #-tolyl group in this complex molecule was evidently 
too feeble to produce more than the slightest bathochromic displacement of the high- 
intensity absorption maxima;? the relative position of the p-tolyl moiety was without 
influence on the outline of the absorption curve. 

Treatment of arylthioureas with bromine, under essentially the conditions of 
the present synthesis, yields 2-aminobenzothiazoles.** With compounds capable 
of cyclising to either 1,2,4-thiadiazoles or benzothiazoles [e.g., amidinoarylthioureas, 
Ar-NH-CS:NH-C(°NH):NH,], the former is invariably the preferred reaction. The 
participation of partially blocked amino-groups in the formation of 1,2,4-thiadiazolines in 
the present reaction, in which the alternative ring closure to benzothiazoles (III) might 
be expected to predominate, shows more clearly than before the great ease with which 
the 1,2,4-thiadiazole system is built up. The fact that thiadiazolines (II) were formed 
preferentially appears particularly remarkable, because, once isolated from their salts, they 
isomerise readily to the 2-guanidinobenzothiazoles (III) (see below). 

In common with comparable 1,2,4-thiadiazoles,* the thiadiazolines (II) were monoacid 
bases, forming well-characterised if somewhat labile salts, including hydrohalides, toluene- 
p-sulphonates, picrates, and picrolonates. Although anilino-substituents greatly increase 


* Part IX, preceding paper. 


1 Kurzer, J., 1955, 1, and subsequent papers. 

2 Jones, Chem. Rev., 1943, $2, 11. 

% Sprague and Land, in Elderfield (ed.), ‘‘ Heterocyclic Compounds,”” Wiley, New York, 1957, Vol. 
V, pp. (a) 511, 581, (b) 689, 695. 
* Kurzer, J., 1956, 2345. 
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the stability of 1,2,4-thiadiazoles, the highly substituted thiadiazolines (II) were much less 
stable than comparable thiadiazoles (e.g., 3,5-dianilino-,* 3-amino-5-anilino-,4 3-aniino-5- 
phenyl ° derivatives). Unlike the latter, they were readily cleaved at the N-S link by 
hydrogen sulphide under the mildest conditions, the parent amidinothioureas (I) being 
regenerated almost quantitatively. Alkaline hydrolysis ruptured the nucleus completely, 
yielding (from 11; R =H, Ar = Ph) diphenylurea and phenylcyanamide which arose, 
respectively, from the NC) and the NiCr) fragment of the nucleus. Alkaline sodium 
plumbite caused rapid desulphurisation. The lower stability of the thiadiazolines (IT) 
than of 1,2,4-thiadiazoles is likely to be bound up with the disappearance of the aromatic 
character of the structure. Well-known parallel cases in related heterocyclic fields include 
the contrasting stability of the heteroaromatic® thiazoles and the heteroethylenic ® 
thiazolines, ring-opening occurring relatively readily in the latter group.” 

The outstanding property of the thiadiazolines (II), once liberated from their salts, 
was their tendency to isomerise irreversibly to 2-(NN’-diarylguanidino)benzothiazoles 
(III). The bases (II) were sufficiently stable to be stored indefinitely in the solid state, and 
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Ultraviolet absorption spectrum of 5-anilino-2-phenyl-3-phenylimino-A‘-1,2,4-thiadiazoline (A) and 
2-(NN’-diphenylguanidino)benzothiazole (B). 
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The occurrence of tautomerism wherever possible is understood. 


to be quickly recrystallised, with care, from hot solvents. In boiling ethanol, however, 
the isomerisation (II —» III) occurred nearly quantitatively and in a short time. In 
very dilute solution at room temperature, the interconversion proceeded sufficiently slowly 
for its progress to be followed by ultraviolet-absorption measurements, the characteristic 
spectrum of the starting material giving way gradually to that of the product (cf. Figure). 
Such measurements showed that even in M/20,000-ethanolic solution, the conversion 
(II —» III) was complete within 4—5 days. The isomerisation necessarily involves the 


5 Kurzer, J., 1956, 4524. 
* Albert, ‘‘ Heterocyclic Chemistry,” Athlone Press, London, 1959. 
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opening of the thiadiazoline ring at the N-S bond, as usually the weakest link in the 
nucleus; one possible mechanism is its hydrolytic fission, with simultaneous addition, at 
Ng) and Sy) of the ring, of hydrogen and hydroxyl, respectively; elimination of the latter 
together with ortho-hydrogen from the 5-anilino-residue, in the form of water, would give 
rise to the new ring system directly. 

At first, difficulties were experienced in identifying the 2-guanidinobenzothiazoles (III) 
because of their exceptional stability; they were unaffected by hydrolytic, reducing, and 
oxidising agents under fairly severe conditions (cf. Experimental section). In common 
with that of 2-aminobenzothiazoles,’ however, the ring system of the molecule (III; R = 
H, Ar = Ph or #-C,H,Me) was cleaved at high temperatures by fused alkalis, yielding 
o-aminothiophenol (V) which was recovered almost quantitatively as the di- or tri-benzoy] 
derivative, while the side chain was degraded to aniline and ammonia. 

Trisubstituted guanidines have been obtained by the addition of primary amines to 
carbodi-imides.**1® Accordingly, the identity of the guanidinobenzothiazoles (III) was 
finally established by their unequivocal synthesis from 2-aminobenzothiazole (and its 
6-methyl homologue) (IV; R =H or Me) and diarylcarbodi-imides. In anhydrous 
benzene, the products (III) were formed smoothly and almost quantitatively, and were 
identical with those formed by isomerisation of the 1,2,4-thiadiazolines (II). 

2-(NN’-Diarylguanidino)benzothiazoles were monoacid bases, forming stable salts and 
monoacy]l derivatives. Since acylation of 2-aminothiazoles “ and 2-aminobenzothiazoles ® 
generally yield 2-acylamino-compounds, and 2-guanidinobenzothiazole ™ yields only a 
diacetyl derivative, formula (VIa) (rather than VIb or c) appears the likely structure of the 
derivatives. The highly characteristic ultraviolet absorption spectra of all three diaryl- 
guanidinobenzothiazoles (III; R =H, Ar = Ph or p-CsH,Me; R = Me, Ar = Ph) were 
practically identical, but differed sharply from that of 2-guanidinobenzthiazole (cf. Table). 


COR’ ; 
cor’ 
: > N:C=NPh ign »N-¢ C=NPh Cr S-NH-C= NPh 
NHAr NHAr R Ar-N-COR’ 


(VJa) (VIb) (Vic) 


Triarylamidinothioureas (I) required as precursors of 1,2,4-thiadiazolines (II) were 
obtained by the condensation of s-diphenylguanidine and aryl isothiocyanates. The 
interaction of s-diphenylguanidine and phenyl isothiocyanate in benzene was first 
investigated by Rathke who represented the product as NN’-diphenyl-N’-(phenyl- 
amidino)thiourea (Ia; R =H, Ar = Ph). The more probable structure (I; R =H, 
Ar = Ph) was subsequently suggested," based on the observation that s-triphenylguanidine 
failed to react with phenyl isothiocyanate. The present work confirms the view that 
triphenylamidinothiourea, now obtained by Rathke’s reaction, in both benzene and 
pyridine, and by reduction of 5-anilino-2-phenyl-3-phenylimino-A‘-1,2,4-thiadiazoline, 
has structure (I; R = H, Ar = Ph): its isomer (la; R = H, Ar = Ph) would yield, on 
successive oxidation and isomerisation, the thiadiazoline (Ila) (or possibly IIb) (R = H, 
Ar = Ph) and thence the 2-diphenylguanidinobenzothiazole (IIla; R =H, Ar = Ph) 


7 Hofmann, Ber., 1880, 18, 20. 

8 Huhn, Ber., 1886, 19, 2404. 

® Weith, Ber., 1873, 6, 1395; 1874, 7, 10, 1306. 

10 Khorana, Chem. Rev., 1953, 58, 145. 

11 Traumann, Annalen, 1888, 249, 31; Wagner-Jauregg and Helmert, Ber., 1942, 75, 935; Jensen 
and Thorsteinsson, Dansk Tiddskr. Farm., 1941, 15, 41. 

12 Hugershoff, Ber., 1903, 36, 3121; 1901, 34, 3130. 

13 Smith, Mason, and Carroll, J. Amer. Chem. Soc., 1931, 58, 4103. 

4 Rathke, Ber., 1879, 12, 774; see also Wingfoot Corp., French P. 835,261/1938. 

18 Rathke, Ber., 1887, 20, 1065; Rathke and Oppenheim, Ber., 1890, 28, 1668; Flemming and Klein, 
G.F. 464,319/1928. 
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isomeric with, but different from, the product actually obtained (III; R = H, Ar = Ph), 
the structure of which is established by independent synthesis from diphenylcarbodi-imide. 

Interaction of s-diphenylguanidine and #-tolyl isothiocyanate gave two distinct products 
according to the solvent employed in the condensation. In benzene at moderate temper- 
atures the reaction took the normal course, yielding the expected 1-(NN’-diphenylamidino)- 
3-p-tolylthiourea (I; R= Me, Ar= Ph). From hot pyridine, however, an isomeric 
amidinothiourea was isolated which, based on its eventual conversion into 2-(N-phenyl- 
N’-p-tolylguanidino)benzothiazole (I —» II —» III), is formulated as 1-phenyl-3-(N- 
phenyl-N’-p-tolylamidino)thiourea. The observations suggest that, in pyridine, the 
primarily formed amidinothiourea (I; R = Me, Ar = Ph) isomerises to (I; R = H, Ar = 
p-C,H,Me), but no information is as yet available concerning the mechanism of this intra- 
molecular rearrangement. The remarkable ease with which trisubstituted amidino- 
thioureas undergo changes in pyridine is further illustrated by the unexpected observation 
that 1-(NN’-diphenylamidino)-3-phenylthiourea, isolated in low yield, was the product of 
the interaction of s-diphenylguanidine and methyl isothiocyanate in this medium. 


EXPERIMENTAL 


The solvent used for preparing M-bromine was chloroform. Pyridine was the commercially 
available anhydrous grade. 

Ultraviolet absorption measurements were made with a ‘‘ Unicam S.P. 500” spectro- 
photometer, for 0-00005m-ethanolic solutions (cf. Table). 


Triarylamidinothioureas. 

1-(NN’-Diphenylamidino)-3-phenylthiourea.—(a) A solution of s-diphenylguanidine (29-5 g., 
0-14 mole) (previously dried at 60—70°) in anhydrous pyridine (140 ml.) at 35—45° was treated 
with phenyl isothiocyanate (16-2 g., 0-12 mole), and the brown clear liquid kept at 100° during 
45 min. The crude granular product obtained on stirring the liquid into ice (1 kg.) and con- 
centrated hydrochloric acid (150 ml.) was collected, washed with water, air-dried (35—40 g.), 
and twice crystallised from acetone—ethanol (10 and 4 ml. per g., respectively), yielding prisms 
of 1-(NN’-diphenylamidino)-3-phenylthiourea, m. p. 164—166° (decomp.) (total yield, 28-2— 
34-0 g., 68—82%) [Found: C, 69-5; H, 5-4; N, 16-4; S,9-1%; M (cryoscopic, in thymol), 357. 
Calc. for C.5H,,N,S: C, 69-4; H, 5-2; N, 16-2; S, 9-25%; M, 346]. Alkaline sodium plumbite 
gave lead sulphide rapidly on warming. 

(6) A solution of s-diphenylguanidine (4-22 g., 0-02 mole) in anhydrous benzene (50 ml.), 
treated with phenyl isothiocyanate (2-7 g., 0-02 mole), was set aside at room temperature during 
1 week, the separating crystalline mass being crushed from time to time. The collected solid 
(m. p. 162—165°; 5-7 g., 82%), on crystallisation as above, gave the thiourea, m. p. and mixed 
m. p. (with product obtained by procedure a) 164—166° (decomp.). The m. p. in the literature 
is variously given 115 between 150° and 172°. 

(c) 5-Anilino-2-phenyl-3-phenylimino-A‘-1,2,4-thiadiazoline (see below) (1-03 g., 0-003 mole) 
was dissolved in ethanol (20 ml.) with warming, and a slow stream of hydrogen sulphide passed 
through the solution at room temperature during 0-5 hr. The white crystalline precipitate, 
which began to separate immediately, was collected at 0°, rinsed with a little ethanol 
(1-05 g.), and twice crystallised from acetone-ethanol as above [a little sulphur (0-05 g.) being 
removed by filtration], giving 1-(NN’-diphenylamidino)-3-phenylthiourea, m. p. and mixed 
m. p. 164—166° (total, 0-85 g., 82%) (Found: C, 69-9; H, 5-0%). 

(@) Interaction of s-diphenylguanidine (2-53 g., 0-012 mole) and methyl isothiocyanate 
(0-73 g., 0-01 mole) in pyridine (10 ml.) at 100° during 1 hr. gave, on addition to ice-hydrochloric 
acid, a soft crude product which yielded, after crystallisation as above, 1-(NN’-diphenyl- 
amidino)-3-phenylthiourea, m. p. and mixed m. p. 164—166° (0-35—0-5 g.) (Found: C, 69-6; 
H, 54%). The filtrates contained intractable oil. 

1-(NN’-Diphenylamidino)-3-p-tolylthiourea.—A solution of s-diphenylguanidine (6-35 g., 
0-03 mole) and p-tolyl isothiocyanate (3-75 g., 0-025 mole) in anhydrous benzene (50 ml.) was 
treated with triethylamine (0-5 ml.). The liquid was kept at 40—45° during 2 hr., then set 
aside at room temperature overnight, crystallisation then occurring. The mixture was warmed 
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to redissolve the solid and gradually diluted with light petroleum (b. p. 60—80°; 25 ml.), and 
the separated product collected at 0° and rinsed with 1 : 1 benzene—light petroleum (m. p. 139 
141°; 7-6 g., 85%). Crystallisation from cold chloroform—light petroleum (b. p. 40—60°) gave 
prisms of the amidinothiourea, m. p. 142—143° (Found: C, 70-1; H, 5-45. C,;HyeN,S requires 
C, 70-0; H, 5-55%). 

1-Phenyl-3-(N-phenyl-N’-p-tolylamidino)thiourea.—(i) s-Diphenylguanidine (12-7 g., 0-06 
mole) in pyridine (60 ml.), treated with p-tolyl isothiocyanate (7-45 g., 0-05 mole), was heated on 
the steam-bath during 1 hr., and the clear liquid stirred into ice and hydrochloric acid. The 
precipitated soft sticky material solidified at 0°, and was then collected (18 g.), air-dried, and 
crystallised three times from chloroform or acetone (30 ml.) and ethanol (20 ml.), yielding 
the substituted amidinothiourea, m. p. 156—158° (Found: C, 69-9; H, 5-4; N, 15-3; S, 9-0, 
Cy,HgoN,S requires C, 70-0; H, 5-55; N, 15-55; S, 8-9%) (4-5—5-4 g., 25—-30%). 

Evaporation of the combined filtrates to small volume, and repeated crystallisation (as 
above) of the separated product (approx. 6 g.), gave more of the amidinothiourea (m. p. 148— 
152°; 1-5—2-5 g., 8—14%). The final fractions (3—5 g.) were lower-melting (m. p. 125—130° 
and non-homogeneous; their ultraviolet absorption spectra were identical with those of the 
pure product, and they probably consisted of mixtures of 1-(NN’-diphenylamidino)-3-p-tolyl- 
and 1-phenyl-3-(N-phenyl-N’-p-tolylamidino)-thiourea. 

(ii) Reduction of 5-anilino-3-phenylimino-2-p-A‘-tolyl-1,2,4-thiadiazoline (see below) by 
hydrogen sulphide according to procedure (c) gave the same amidinothiourea, m. p. and mixed 
m. p. 154—156° (yield, 70%). 


Ultraviolet absorption spectra. 
A (mp) (log,, ¢ in parentheses) 


1-(NN’-Diphenylamidino)-3-phenylthiourea 
1-(N.N’-Diphenylamidino)-3-p-tolylthiourea 
1-Phenyl-3-(N-phenyl-N’-p-tolylamidino)thiourea 
5-Anilino-2-phenyl-3-phenylimino-A*-1,2,4-thiadi- 
azoline 
2-Phenyl-3-phenylimino-5-p-tolylamino-A‘-1,2,4- 
thiadiazoline 
5-Anilino-2-phenyl-3-p-tolylimino(or 3-phenyl- 
imino-2-p-tolyl)-A‘-1,2,4-thiadiazoline 
2-Aminobenzothiazole 
2-Guanidinobenzothiazole !* 


2-(NN’-Diphenylguanidino) benzothiazole 


2-(N-Phenyl-N’-p-tolylguanidino) benzothiazole 


2-(NN’-Diphenylguanidino)-6-methylbenzothiazole 


min. 255 (4-02); max. 300 (4-44) 
min. 255 (4-04); max. 300 (4-43) 
min. 255 (4-02); max. 300 (4-45) 
shallow min. 243 (4-21); shallow max. 273 (4-39) 


shallow min. 245 (4:20); shallow max. 275 (4-36) 


shallow min. 244 (4-22); shallow max. 274 (4-40) 


max. 223 (4-50); min. 242 (3-71); max. 262 (4-09); 
Ss 222 (4-22); max. 234 (4-32); min. 246 (4-00); 
max. 248 (4:02); min. 255 (3-65); s 280 (4-20); 
max. 288 (4-30); min. 293 (4-27) ; s 300—304 (4-34); 
max. 308 (4-35) 

min. 252 (4-15); max. 258 (4-17); min. 265 (4-10); 
shallow max. 285 (4-22); min. 290 (4-19); 

s 297—300 (4-26); shallow max. 323 (4-51) 

min. 251 (4-16); max. 258 (4:17); min. 266 (4-12); 
max. 285 (4:23); min. 290 (4:21); s 299 (4-28); 
shallow max. 321 (4-51) 

min. 250 (4-15); max. 260 (4-18); min. 269 (4-15); 
max. 286 (4:22); min. 293 (4-19); s 302 (4-28) 
shallow max. 325 (4-50) 


s = shoulder. 


1,2,4-Thiadiazolines. 

5-A nilino-2-phenyl-3-phenylimino-A*-1,2,4-thiadiazoline.—Hydrobromide. Finely powdered 
1-(NN’-diphenylamidino)-3-phenylthiourea (3-46 g., 0-01 mole) was dissolved in chloroform 
(40 ml.) with warming, and then treated, at room temperature, with M-bromine (10 ml., 0-01 mole) 
which was rapidly decolorised. The resulting clear liquid was distilled to dryness in a vacuum at 
little above room temperature, and the remaining white solid stirred with water (10 ml.), collected, 
and washed with a little cold acetone to remove unchanged reactant [m. p. 220—222° (decomp.), 
3-6—3-9 g., 85—92%]. Crystallisation from boiling nitrobenzene (10 ml. per g.), followed by 
dilution of the cold solution with an equal volume of ethanol, gave (approx. 50% recovery) 
white opaque prisms of 5-anilino-2-phenyl-3-phenylimino-A*-1,2,4-thiadiazoline hydrobromide, 
m. p. 226—228° (decomp.) (Found: C, 56-5; H, 4:35; Br, 19-1. C,.H,,N,S,HBr requires C, 
56-5; H, 4-0; Br, 18-8%). The salt did not give lead sulphide on being heated with alkaline 
lead plumbite. 
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Hydrochloride. A boiling solution of 1-(NN’-diphenylamidino)-3-phenylthiourea (13-85 g., 
0-04 mole) in acetone-ethanol (1: 1; 280 ml.) containing concentrated hydrochloric acid (20 ml., 
0-2 mole) was removed from the source of heat and treated dropwise with 30% hydrogen peroxide 
(13-5 ml., 0-12 mole) during 3—5 min. The exothermic nature of the reaction kept the mixture at 
the b. p. throughout the addition; crystals began to separate when about half the oxidising agent 
had been added. The product, collected at 0°, and washed with acetone, consisted of opaque 
white minute prisms of the hydrochloride, m. p. 229—-232° (decomp.) (11-4—12-2 g., 75—80%) 
(Found: C, 62-6; H, 4:6; N, 14-0; S, 8-3; Cl, 9-3. C,9H,.N,S,HCI requires C, 63-1; H, 4-5; 
N, 14:7; S, 8-4; Cl, 93%). The product decomposed on attempted crystallisation from boiling 
ethanol—water (2:1). The use of less hydrogen peroxide (0-05 mole) or of 6% solutions resulted 
in reduced yields. 

Base. (a) A stirred suspension of the hydrochloride (19-03 g., 0-05 mole) in ethanol (180 ml.) 
was treated, at room temperature, with 3N-aqueous ammonia (33-3 ml., 0-1 mole) during 3 min. 
The suspended microcrystalline material changed to a very pale yellow solid, which was collected 
after storage at 0° during 0-5 hr. and rinsed with small portions of ethanol. The air-dried 
product, a pale-yellow microcrystalline powder [m. p. 137—139° (decomp.); 14-6—15-5 g., 
85—90%] was suitable for further experiments. Small portions (1 g.) were crystallisable by 
being quickly dissolved in boiling ethanol (8 ml. per g., recovery approx. 60%); massive lemon- 
yellow prisms of the 1,2,4-thiadiazoline, m. p. 1388—140° (decomp.); were obtained (Found: C, 
70-5, 70-2; H, 4-7, 4:6; N, 15-7; S, 9-15. C, 9H,,N,S requires C, 69-8; H, 4-65; N, 16-3; S, 
93%). The uncrystallised product was stored unchanged during several months. It gave 
lead sulphide with boiling alkaline sodium plumbite (in the presence of a little ethanol to dissolve 
the compound). 

(b) A cold suspension of the hydrobromide (2-12 g., 0-005 mole) in ethanol (30 ml.) and 
water (10 ml.), on treatment with 3N-ammonia (4 ml., 0-012 mole) or 3N-sodium hydroxide 
(2:5 ml., 0-0075 mole), gave, by the same procedure, the identical base (75 and 60%, respectively), 
m. p. and mixed m. p. 136—138° (decomp.). 

5-A nilino-2-phenyl-3-phenylimino-A*-1,2,4-thiadiazoline.—Salts. The following salts were 
prepared preferably from the freshly precipitated uncrystallised reactant; they decomposed on 
attempted crystallisation, but were analytically pure when first prepared and washed with 
ethanol. 

A filtered solution of the base (0-69 g., 0-002 mole) in hot ethanol, treated with 3n-hydro- 
chloric acid (1 ml., 0-003 mole), gave the hydrochloride, m. p. and mixed m. p. 231—233° 
(decomp.) (0-7 g., 92%). A solution of the reactant (0-001 mole) in warm ethanol (15 ml.), 
treated with toluene-p-sulphonic acid monohydrate (0-19 g., 0-001 mole) in ethanol (2 ml.), 
slowly deposited prismatic needles of the toluene-p-sulphonate, m. p. 182—184° (decomp.) 
(0-32 g., 62%) (Found: C, 62-8; H, 4-4; N, 10-7. C,.H,,N,S,C,H,O,S requires C, 62-8; H, 
4-65; N, 10-85%). Solutions of the reactant (0-001 mole) and picric acid (0-23 g., 0-001 mole) 
in hot ethanol (6 and 3 ml.) similarly deposited deep yellow prisms (95%) of the picrate, m. p. 
183—185° (decomp.) (Found: C, 54:4; H, 3-3. C,9H,,N,S,C,H,O,N, requires C, 54-45; H, 
33%). Solutions of the reactant (0-001 mole) and picrolonic acid (0-27 g., 0-001 mole) in hot 
ethanol (6 and 8 ml. respectively) similarly deposited golden-yellow prisms (93%) of the 
picrolonate, m. p. 182—183° (decomp.) (Found: C, 59-5; H, 3-75. C.9H,,N,S,C,~H,O,N, 
requires C, 59-2; H, 3-95%). 

5-A nilino-2-phenyl-3-phenylimino-A‘-1,2,4-thiadiazoline.—Alkaline hydrolysis. A _ solution 
of freshly prepared (uncrystallised) reactant (1-72 g., 0-005 mole) in ethanol (20 ml.) was treated 
with 3n-sodium hydroxide (20 ml., 0-06 mole) and refluxed during 0-5 hr. The liquid became 
green temporarily, and a crystalline precipitate began to separate after 5 minutes’ boiling. The 
solid, collected at 0° (m. p. 232—235°; 0-75 g., 71%), recrystallised from ethanol and gave 
s-diphenylurea, m. p. 240—242° (decomp.) (Found: C, 73-7; H, 5-8; N, 13-1. Calc. for 
C,;H,.N,O: C, 73-6; H, 5-7; N, 13-2%). The alkaline filtrate (which evolved hydrogen 
sulphide on acidification) was partly neutralised with 3n-hydrochloric acid (10 ml., 0-03 mole), 
partially evaporated at atmospheric pressure (to approx. 10 ml.), diluted with 5n-sodium 
hydroxide (10 ml.), and shaken with benzoyl chloride (2-8 g., 0-02 mole). The resulting 
precipitate was N-benzoylphenylcyanamide, m. p. and mixed m. p. 124—125° (from ethanol) 
(0-75 g., 68%). 

2-Phenyl-3-phenylimino - 5 -p-tolylamino - A‘-1,2,4-thiadiazoline.—Oxidation of 1-(NN’-di- 
phenylamidino)-3-p-tolylthiourea (3-60 g., 0-01 mole) with bromine (as described for the 1-phenyl 
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homologue) gave an immediate precipitate [m. p. 220—-222° (decomp.); 3-9 g., 89%], which was 
crystallised from boiling methanol (30 ml. per g., recovery 75%), yielding large prisms of the 
hydrobromide, m. p. 220—222° (decomp.) (Found: C, 55-6; H, 4:6; N, 12-9; Br, 17-9, 
C,,H,,N,S,HBr,H,O requires C, 55-2; H, 4-6; N, 12-25; Br, 17-5%). 

A stirred suspension of the powdered hydrobromide (2-2 g., 0-005 mole) in methanol (30 ml.) 
was treated dropwise with 3N-ammonia (5 ml., 0-015 mole). The yellow crystalline powder, 
which was collected after 1 hr. and rinsed with methanol containing a few drops of water, was 
the base, m. p. 130—132° (Found: C, 70-1; H, 5-3. C,,H,,N,S requires C, 70-4; H, 5-0%) 
(1-48 g., 82%). 

5-A nilino-3-phenylimino-2-p-tolyl(or -2-phenyl-3-p-tolylimino)-A‘-1,2,4-thiadiazoline.—A solu- 
tion of 1-phenyl-3-(N-phenyl-N’-p-tolylamidino)thiourea (3-60 g., 0-01 mole) in chloroform 
(25 ml.) was treated, at room temperature, with M-bromine (10 ml., 0-01 mole). The white 
powder obtained on evaporating the resulting clear colourless liquid in a vacuum at room 
temperature was stirred with chloroform (5—8 ml.), and the suspension diluted with ether 
(10 ml.). The product, collected at 0° and rinsed successively with chloroform—ether (1 : 1) and 
ether [m. p. 224—228° (decomp.), 3-70 g., 84%], was quickly crystallised from methanol (25 ml, 
per g., recovery approx. 60%), giving short prismatic needles of the hydrobromide, m. p. 227— 
229° (decomp.) (Found: C, 57-2; H, 4-55; N, 12-2; S, 8-0. C,,H,,N,S,HBr requires C, 57-4; 
H, 4:3; N, 12-8; S, 7-3%). 

A stirred suspension of finely powdered (uncrystallised) hydrobromide (4-40 g., 0-01 mole) 
in cold methanol (50 ml.) was treated dropwise with 3N-ammonia (10 ml., 0-03 mole). The 
resulting clear yellow liquid gradually deposited, on storage and scratching, at first a soft, later 
microcrystalline very pale-yellow solid, which was collected at 0° and washed with 50% aqueous 
methanol [m. p. 137—139° (decomp.); 2-6 g., 72%]. Rapid crystallisation from methanol 
(12 ml. per g., with subsequent addition of drops of water) gave the thiadiazoline as pale yellow 
prisms, m. p. 135—137° (decomp.) (Found: C, 69-9; H, 5-0; N, 16-0; S, 9-3. C,,H,,NS 
requires C, 70-4; H, 5-0; N, 15-6; S, 8-9%). 

Interaction of the (crude) thiadiazoline and picric acid (0-001 mole each) in methanol (5 ml.) 
gave, on storage at 0°, the picrate, forming deep yellow prisms, m. p. 179—180° (decomp.), from 
methanol—acetone (70%) (Found: C, 54:9; H, 3-2. C,,H,,N,S,C,H,O,N, requires C, 55:2; 
H, 36%). 


2-Guanidinobenzothiazoles. 

2-(NN’-Diphenylguanidino)benzothiazole.—(a) By isomerisation of 5-anilino-2-phenyl-3-phenyl- 
imino-A‘-1,2,4-thiadiazoline. Freshly prepared (uncrystallised) 5-anilino-2-phenyl-3-phenyl- 
imino-A‘-1,2,4-thiadiazoline (17-2 g., 0-05 mole), dissolved in ethanol (120 ml.), was boiled during 
1 hr. and the hot liquid was treated with water (5 ml.). The separated, very pale yellow, 
crystalline solid [m. p. 131—133° (decomp., after sintering at 128°); approx. 15 g.] was 
powdered, then refluxed in ethanol (150 ml.)—3N-aqueous sodium hydroxide (100 ml.) during 
0-5 hr. and next diluted with hot water (20 ml.). The colourless product which crystallised on 
cooling was collected at 0° [m. p. 131—133° (decomp., after sintering at 130°); 13-8—14-6g,, 
80—85%]. Crystallisation from ethanol—acetone (10 and 3 ml. per g.) or chloroform—ethanol 
(2 and 4 ml. per g.) gave large prisms of 2-(NN’-diphenylguanidino)benzothiazole, m. p. 131—133° 
(decomp.) [Found: C, 70-1; H, 4:3; N, 16-4; S, 925%; M (cryoscopically in thymol), 360. 
CyoH,,N,S requires C, 69-8; H, 4-65; N, 16-3; S, 93%; M, 344]. The product did not give 
lead sulphide with alkaline sodium plumbite. 

The sodium hydroxide treatment may be omitted, but an additional preliminary crystallis- 
ation from ethanol (15—20 ml. per g., recovery 84—92%) is then desirable, and the product 
remains pale yellow [m. p. and mixed m. p. 131—133° (decomp.)] [Found: C, 69-2; H, 4:7%; 
M (cryoscopic in thymol), 340). 

(b) From 2-aminobenzothiazole. A solution of 2-aminobenzothiazole (0-825 g., 0-0055 mole) in 
anhydrous benzene (8 ml.), treated with diphenylcarbodi-imide # (1-0 g., 0-005 mole) was 
refluxed during 2 hr. The pale yellow liquid was rapidly evaporated in a vacuum, and the 
residual viscous oil dissolved in ethanol (6 ml.). The solution deposited crystals (m. p. 128— 
130°, after sintering at 126°; 1-46 g., 85%) which consisted, after crystallisation as above, of 
2-(N N’-diphenylguanidino)benzothiazole, m. p. and mixed m. p. (with material prepared by 
method a) 131—133° (decomp.). Ultraviolet absorption spectra of specimens prepared by 
methods (a) and (b) were identical (cf. Table). 
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(c) This benzothiazole was recovered almost quantitatively in each of the following experi- 
ments. (i) Attempted hydrolysis: The base (0-01 mole) was refluxed during 1 hr. im 1-5N- 
sodium hydroxide in 50% ethanol (100 ml.), or 2 hr. in Nn-ethanolic potassium hydroxide. 
(ii) Attempted oxidation: A boiling ethanolic solution of the base was treated with 6% hydrogen 
peroxide (3 mols.), in the presence of either acid or alkali. (iii) Attempted reduction: Its 
ethanolic solution was treated with hydrogen sulphide under the usual conditions (see above). 
A boiling solution of the base (0-005 mole) in ethanol (50 ml.) containing suspended zinc wool 
(4 g.) was treated dropwise with concentrated hydrochloric acid (8 ml.) during 1 hr. The 
decanted partly evaporated (vacuum) liquid gave, on addition to N-hydrochloric acid (50 ml.), 
the crude hydrochloride, from which the starting material was recovered (70%) by dissolution 
in acetone-3N-sodium hydroxide, addition to water, and crystallisation of the resulting 
precipitate. A trace of acetone-insoluble product was s-diphenylurea, m. p. and mixed m. p. 
228—234° (decomp.). 

2-(NN’-Diphenylguanidino) benzothiazole.—Salts. A solution of the reactant (0-34 g., 0-001 
mole) in hot ethanol (10 ml.), treated with 3N-hydrochloric acid (0-5 ml., 0-0015 mole), slowly 
deposited small needles of the hydrochloride, m. p. 233—235° (decomp.) (0-35 g., 90%) (Found: 
C, 63-6; H, 4:5; N, 14-2; Cl, 9-2. C,9H,.N,S,HCl requires C, 63-1; H, 4-5; N, 14-7; Cl, 9-3%). 
Solutions of the reactant and toluene-p-sulphonic acid monohydrate (0-001 mole each) in boiling 
ethanol (total, 15 ml.) were mixed and deposited in 24 hr. at 0° a solid that consisted, after 
crystallisation from ethanol (30 ml. per g.), of very pale yellow prisms of the toluene-p-sulphonate, 
m. p. 209—211° (decomp.) (0-4 g., 77%) (Found: C, 62-65; H, 4:3; N, 10-65; S, 12-5. 
CypH,gN,S,C,H,O,S requires C, 62:8; H, 4-65; N, 10-85; S, 12-4%). Addition of picric acid 
(scale as above, in total of 8 ml. ethanol) slowly gave, on storage, the picrate, m. p. 142—145° 
(decomp.), forming yellow prisms (0-37 g., 64%) from very little acetone-ethanol, with addition 
of a few drops of water (Found: C, 53-3, 53-0; H, 3-4, 3-35. C,9H,,N,S,C,H,N,O,,H,O requires 
C, 52-8; H, 355%). Addition of picrolonic acid (scale as above, in total of 25 ml. of ethanol) 
gave a mustard-yellow precipitate, which, crystallised from a large volume of ethanol, gave 
golden-yellow prisms of the picrolonate, m. p. 232—233° (decomp.) (0-55 g., 90%) (Found: C, 
59-4; H, 3°7. CoH ygN,S,C,9H,N,O, requires C, 59-2; H, 3-95%). 

Derivatives. A solution of the reactant (0-86 g., 0-0025 mole) in acetic anhydride (6 ml.) was 
refluxed during 0-5 hr., and the crude product obtained on addition of the liquid to water crystal- 
lised from acetone-ethanol (1:1, 40 ml.), affording white needles of the monoacetyl derivative, 
m. p. 245—248° (0-24 g., 25%) (Found: C, 68-9; H, 3-95; N, 15-0. C,,H,,N,OS requires C, 
68-4; H, 4-7; N, 14-5%). A solution of the reactant (0-0025 mole) in pyridine (8 ml.), treated 
with benzoyl chloride (0-7 g., 0-005 mole), was heated on the steam-bath during 0-5hr. Addition 
of the mixture to ice and hydrochloric acid gave an oil which solidified after being boiled 
briefly with water (20 ml.). Crystallisation from benzene—methanol (1:1; 15 ml.) gave pale- 
yellow opaque prisms of the monobenzoyl derivative, m. p. 169—171° (total, 0-65 g., 58%) (Found: 
C, 72-7; H, 4-2; N, 12-2. C,,H,9N,OS requires C, 72-3; H, 4-5; N, 12-5%). 

NS-Dibenzoyl- and NNS-Tribenzoyl-o-aminothiophenol.—The conditions for the following 
benzoylations were chosen to be comparable with those required in identifying o-aminothio- 
phenol obtained in the alkaline fusion of 2-(NN’-diphenylguanidino) benzothiazole (see below). 

(i) Use of excess of benzoyl chloride. o-Aminothiophenol (0-94 g., 0-0075 mole) was dissolved 
in a solution of sodium hydroxide and 85% potassium hydroxide (10 g. each) in water (60 ml.). 
The yellow liquid was shaken and treated, during 15 min., with benzoyl chloride (8-4 g., 
0-06 mole), the temperature rising to approx. 50°. The collected washed granular product 
consisted, after two crystallisations from ethanol (20 ml. per g.), of massive prisms of NNS- 
tribenzoyl-o-aminothiophenol, m. p. 186—138° (decomp.) (2-45 g., 75%) [Found: C, 73-85; H, 
42; N, 3-3; S, 69%; equiv..(by hydrolysis), 145. C,,H,,NO,S requires C, 74-1; H, 4:35; N, 
32; S, 73%; equiv., 146). The final mother-liquors contained small quantities of the 
dibenzoyl derivative, m. p. 152°. 

(ii) Use of two equivalents of benzoyl chloride. In an identical experiment using less benzoyl 
chloride (2-25 g., 0-016 mole), there were obtained elongated platelets (total, 1-35 g., 54%) of the 
NS-dibenzoyl derivative, m. p. 153—154° (from ethanol) [Found: C, 71-8; H, 4:2%; equiv. 
(by hydrolysis), 170. Calc. for C,,H,,NO,S: C, 72-1; H, 45%; equiv., 166-5]. The filtrates 
contained further small quantities of the dibenzoyl (admixed with a little tribenzoyl) derivative. 

2-(NN’-Diphenylguanidino)benzothiazole.—Alkaline fusion. To a fused mixture of sodium 
hydroxide (8 g.) and 85% potassium hydroxide (10 g.), contained in a thick-walled 50 ml. 
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distilling flask, 2-(NN’-diphenylguanidino)benzothiazole (2-05 g., 0-006 mole) was added at 
200°, and the temperature was raised to 240° during 5 min., and kept thereat during 10 min., and 
finally at 260—280° during another 5 min. The reactant decomposed with effervescence, 
ammonia was evolved, and a colourless distillate was collected in a flask containing water 
(10 ml.). The distillate was treated with 40% aqueous sodium hydroxide (20 ml.) and shaken 
with benzoyl chloride (4-2 g., 0-03 mole). The resulting precipitate was benzanilide, m. p. and 
mixed m. p. 161—163° (from ethanol) (1-89 g., 80%). The cooled alkaline melt was dissolved 
in successive portions of water (total, 50 ml.). The solution was extracted once with ether 
(30 ml.) to remove the last traces of aniline, and shaken with benzoyl chloride (5-6 g., 0-04 mole), 
the temperature being allowed to rise to 50°. The separated soft granules, crystallised from 
ethanol, were NNS-tribenzoyl-o-aminothiophenol, m. p. and mixed m. p. 135—137° (1-84 g., 
70%) (Found: C, 74-0; H, 4-2; N, 28%; equiv. (by hydrolysis), 148. Calc. for C,,H,,NO,S: 
C, 74:1; H, 4:35; N, 3-2%; equiv., 146). 

Alternatively, treatment of the alkaline extracts with a smaller proportion of benzoyl 
chloride (2-1 g., 0-015 mole) gave 1-0 g. (50%) of NS-dibenzoyl-o-aminothiophenol, m. p. and 
mixed m. p. 153—154° (from ethanol) (Found: C, 71-9; H, 4-8; N, 4:2; S, 9-5. Calc. for 
CyoH,,;NO,S: C, 72-1; H, 4:5; N, 4:2; S, 96%). The mother-liquors contained a mixture 
of the di- and tri-benzoyl derivative. Bearing in mind the yields of benzoyl derivatives obtained 
in the above model experiments, this represents an almost quantitative recovery of o-amino- 
thiophenol. 

2-(NN’-Diphenylguanidino)-6-methylbenzothiazole.—(a) 2-Phenyl-3-phenylimino - 5-p-tolyl- 
amino-A‘-1,2,4-thiadiazoline (1-79 g. 0-005 mole) was added to boiling ethanol (20 ml.), and the 
resulting yellow liquid refluxed during 1 hr. The solution gradually became colourless and 
began to deposit crystals. These were collected at 0° and recrystallised from acetone-ethanol, 
yielding prisms of the benzothiazole, m. p. 168—170° (1-11 g., 62%) (Found: C, 70-4; H, 4:8; 
S, 8-3. C,,H,,N,S requires C, 70-4; H, 5-0; S, 8-9%). 

(6) Interaction, during 2 hr., of 2-amino-6-methylbenzothiazole !” (0-90 g., 0-0055 mole) 
and diphenylcarbodi-imide ** (1-0 g., 0-005 mole) in boilirig anhydrous benzene (8 ml.), vacuum- 
evaporation of the solution, and dissolution of the residual oil in boiling ethanol (5 ml.), gave an 
immediate crystalline deposit which consisted, after recrystallisation, of prisms of the benzo- 
thiazole, m. p. and mixed m. p. 170—171° (total 1-52 g., 85%) (Found: C, 70-1; H, 49%). 
The ultraviolet absorption spectra of specimens prepared by procedures (a) and (b) were 
identical (cf. Table). 

2-(N-Phenyl-N’-p-tolylguanidino)benzothiazole.—(a) A solution of 5-anilino-3-phenylimino-2- 
p-tolyl-A‘-1,2,4-thiadiazoline (1-8 g., 0-005 mole) in ethanol (15—20 ml.) was refluxed during 
1 hr., 3N-sodium hydroxide (5 ml.) added, and refluxing continued for another 1 hr. The cooled 
liquid was slowly diluted with water until no further precipitation occurred, and the granular 
precipitate (1-7 g.) was collected at 0°. Crystallisation from ethanol and finally ethanol—acetone 
(4: 1) afforded a small quantity of prisms, m. p. 118—123° (cf. Note). The combined filtrates 
gave, on evaporation and crystallisation from ethanol, prisms of 2-(N-phenyl-N’-p-tolylguanidino)- 
benzothiazole, m. p. 110—112° (total, 1-1 g., 61%) (Found: C, 70-25; H, 4:8; N, 15-9; S, 9-0. 
C,,H,,N,S requires C, 70-4; H, 5-0; N, 15-6; S, 8-9%). 

Note: The higher-melting fraction had an ultraviolet spectrum identical with that of the 
product; it was probably a mixture of 2-(N-phenyl-N’-p-tolylguanidino)- and 2-(NN’-di- 
phenylguanidino)-6-methyl-benzothiazole. 

Alkaline fusion of the product, as described for the 2-(N N’-diphenylguanidino)-homologue, 
gave NNS-tribenzoyl-o-aminothiophenol, m. p. and mixed m. p. 136—137°, in 82% yield 
(Found: C, 74:2; H, 4:35%). 

(6) To a stirred boiling solution of N-phenyl-N’-p-tolylthiourea # (3-63 g., 0-015 mole) in 
dry benzene (100 ml.) containing a little anhydrous sodium sulphate, yellow mercuric oxide 
(6-5 g., 0-03 mole) was added, and the mixture refluxed during 10 min. The resulting mercuric 
sulphide was removed at the pump (double filter paper), the filtrate treated with 2-aminobenzo- 
thiazole (1-50 g., 0-01 mole), and the solution distilled to quarter volume and refluxed during 
2 hr. (protected against atmospheric moisture). After removal of the solvent in a vacuum, the 
residual oil was redissolved in hot ethanol (12 ml.) and treated with 3n-ethanolic hydrochloric 
16 Schmidt, Hitzler, and Lahde, Ber., 1938, 71, 1933 and subsequent papers. 


1” Hunter, J., 1926, 1385. 
18 Gebhardt, Ber., 1884, 17, 3033. 
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acid (10 ml., 0-03 mole), followed by ether (12 ml.). The separated hydrochloride, collected at 
0° [m. p. 226—228° (decomp.); total, 3-50 g.] was dissolved in hot ethanol (40 ml.) and the 
solution basified with 3N-sodium hydroxide (12 ml., 0-036 mole), boiled, and stirred into ice- 
water (400 ml.). The curdy white precipitate was collected, washed with water, cautiously dried 
(tendency to “‘ glass ’’-formation), and crystallised from boiling ethanol (25 ml.); lustrous 

isms of the benzothiazole, m. p. 111—113°, separated (total, 2-9 g., 81%) (Found: C, 70-3; H, 
49%). The ultraviolet absorption spectra of the compound prepared by methods (a) and (6) 
were identical (cf. Table). 


RoyaLt Free Hospitat ScHooL oF MEDICINE (UNIVERSITY OF LONDON), 
8 HUNTER STREET, Lonpon, W.C.1. (Received, January 11th, 1960.) 


652. Hydrogen Transfer. Part XVI.* Dihydrides of 
Nitrogenous Heterocycles as Hydrogen Donors. 


By (the late) E. A. BRAUDE, J. HANNAH, and SIR REGINALD LINSTEAD. 


The preparation, purification, and properties of various dihydrides of 
nitrogenous heterocycles are summarised and their reactions with chloranil 
described. 1,2-Dihydro-l-methylquinoline with chloranil yields a “‘ phenol 
salt;’’ this is a model system for biological enzymic reduction by di- 
phosphopyridine nucleotide (DPNH,). 


Previous papers from this College have described the use of dihydro-derivatives of 
aromatic and of macrocyclic compounds as hydrogen donors. We have now examined 
various dihydrides of the nitrogenous heterocycles. Compounds of this type are known 
to play an important part in biological oxidation-reduction systems. The present paper 
describes various dihydrides and their reactions with chloranil as a typical acceptor. A 
more detailed study of the behaviour of two selected dihydrides with a wide range of 
acceptors follows in Part XVII. The donors studied were: diethyl 1,4-dihydro-2,6-di- 
methylpyridine-3,5-dicarboxylate (the ‘‘ Hantzsch ester”’);? 1,2-dihydro-quinoline and 
-isoquinoline; 1,2-dihydro-l-methyl- and, 1,2-dimethyl-quinoline; and 9,10-dihydro- 
acridine. 

The Hantzsch Ester—Homogeneous hydrogen transfer from the Hantzsch ester (I) 
to an equimolecular amount of chloranil is virtually complete in 15 minutes at room 
temperature, giving the dehydrogenated ester and tetrachloroquinol in 97% yield. Its 
kinetics were followed spectrometrically and found to be of the second order, with k = 
2-60 + 0-05 1. mole sec.*1. 


A R CO,E 
EtO,C CO,Et HX EtO,C © 
Oe Ota 
Me Me Me ii7 Me 
a f H (I) 
H, 
i 0,C/ ~ : ee DD aay 
e+ ay o Me ss HMe Me «me x 
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The donor activity of the Hantzsch ester is reflected by its ready disproportionation 
in concentrated mineral acid.2. As in the hydrogen transfer to quinones, the mechanism 
may be formulated as a hydride-ion transfer (see formulz). 


* Part XV, J., 1960, 3144. 


1 Singer and McElvain, Org. Synth., 1934, 14, 31. 
* Knoevenagel and Fuchs, Ber., 1902, 35, 1788. 
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The process is then repeated with the intermediate (III) to give the hexahydro- 
compound. Compound (IV) is the salt of the oxidised Hantzsch ester. This postulated 
terminal addition of H* to the carbon end of the C=C-N< system, reminiscent of 1,4 
addition to conjugated dienes, is suggested by analogy with Robinson’s studies on the 
C-alkylation of certain derivatives of 8-aminocrotonic acid: * 


NEt,*CMe:CH-CO, Et + Mel ——s> [NEt,;CMe*CHMe-CO,£t]+I- 


1 ,2-Dihydroquinoline.—Monomeric 1,2-dihydroquinoline was first prepared by Johnson 
and Buell* by pyrolysis of 1,2,3,4-tetrahydro-4-phenethylaminoquinoline. Bohlmann 
showed that certain nitrogen-heterocyclic dihydro-compounds were readily prepared by 
reduction with lithium aluminium hydride;* from quinoline this reaction yielded an 
extremely unstable solid, considered by Bohlmann to be a mixture of 1,2- and 1,4-dihydro- 
quinoline, from which 1,2-dihydroquinoline was indeed later isolated.*” 

In the present work 1,2-dihydroquinoline has been prepared many times by the 
reduction of quinoline with lithium aluminium hydride, and it is now considered very 
probable that some 1,4-dihydroquinoline is formed, at least transiently. 1,4-Dihydro- 
quinoline would tend to rearrange to the 1,2-dihydro-isomer, and, since at least 3% of 
1,2,3,4-tetrahydroquinoline is also found in the crude product, we postulate that the 
enamine structure of 1,4-dihydroquinoline is susceptible to further reduction. Supporting 
evidence is that pure 1,2-dihydroquinoline is recovered unchanged on attempted further 
reduction with lithium aluminium hydride, and does not disproportionate even under most 
vigorous thermal conditions. Furthermore, the reduction of isoquinoline under the same 
conditions yields much more (16%) of the tetrahydro-compound. 

The crude solid product, containing about 70% of dihydroquinoline (by chloranil 
estimation), obtained by the lithium aluminium hydride reduction of quinoline could not 
be stored under any conditions. At 0-08 mm. it rapjdly decomposed to a yellow syrup, 
which, when acetylated and fractionally distilled, yielded quinoline and a mixture which 
analysed as l-acetyl-1,2-dihydroquinoline with some acetylated tetrahydro-compound. 
Direct fractional distillation of the crude product gave quinoline and a solid fraction, 
predominantly 1,2-dihydroquinoline contaminated with a little quinoline and 1,2,3,4 
tetrahydroquinoline. 

The above process is a convenient route to substantial quantities of 1,2-dihydro- 
quinoline, and it is noteworthy that the purified product may be stored indefinitely at 
10° mm., whereas the undistilled material rapidly decomposes under these conditions. 

1,2-Dihydroquinoline and chloranil reacted almost instantaneously in solution at room 
temperature to form quinoline and tetrachloroquinol. This affords an excellent procedure 
for estimation of 1,2-dihydroquinoline. Attempts to measure the kinetics of the hydrogen 
transfer to the quinone spectrometrically were hindered by the labile nature of the dihydro- 
product and the extreme speed of the reaction; only one estimate could be made of the 
second-order rate constant (k = 14,000 1. mole™ sec."). 

1,2-Dihydroisoquinoline.—1 ,2-Dihydroisoquinoline was first prepared by Jackman and 
Packham by the reduction of isoquinoline with lithium aluminium hydride.* Our first 
preparative attempt gave only a poor yield of crude product, and a higher-melting by- 
product was isolated; this we found to be due to competing oxidation and over-reduction 
of the dihydro-product. Moreover, Jackman and Packham have since shown that this 
material is polymeric in concentrated solution and in the solid state: ® from the infrared 


* Robinson, J., 1916, 1038. 

* Johnson and Buell, J. Amer. Chem. Soc., 1952, 74, 4517. 

5 Bohlmann, Ber., 1952, 85, 390; 1953, 86, 1419. 

* Rosenmund, Ber., 1953, 86, 37; Rosenmund, Zymalkowski, and Schwarte, Ber., 1954, 87, 1229. 
7 Craig and Gregg, J. Amer. Chem. Soc., 1953, 75, 2252. 

8 Jackman and Packham, Chem. and Ind., 1955, 360. 

* Jackman and Packham, personal communication. 
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absorption of solutions of the isolated ‘ dihydroisoquinoline” it seems that the 
Ph*CH:CH-NH: system is present only in dilute solution. , 

In addition to the associated dihydro-compound (formed in about 60% yield) we 
isolated isoquinoline, 1,2,3,4-tetrahydroisoquinoline, 4-hydroxyisoquinoline, and a high- 
melting compound (A) C,,H,,N,O. 

The amount of tetrahydroisoquinoline (16% isolated) was much higher than that of 
tetrahydroquinoline in the analogous reduction, which supports the view that reduction 
to the tetrahydro-level is by addition of hydrogen to an enamine grouping. 1,2-Dihydro- 
isoquinoline already has such a st:uciure, whereas 1,2-dihydroquinoline must undergo 
rearrangement unless some 1,4-dihydroquinoline has previously been formed. 

o- The ready oxidation of associated 1,2-dihydroisoquinoline by molecular 
oxygen to 4-hydroxyisoquinoline is comparable with Witkop’s observation 
that trans-decahydroquinoline with molecular oxygen at 100° forms 5,6,7,8- 
tetrahydro-3-hydroxyquinoline. 

Compound (A) showed points of similarity to 4-hydroxyisoquinoline in 

ultraviolet and infrared absorption. Neither had hydroxyl absorption in 

the infrared region: 4-hydroxyisoquinoline must therefore exist as a 

zwitterion, and a similar salt structure is thought to be present in compound 

(A). Compound (A) formed a neutral ON-dibenzoate (vmx, 1734 and 1629 

cm.*) and is therefore formulated as (V or a double-bond isomer) (though the neutrality 
of the dibenzoate is not thereby accounted for). 

It has already been shown ® that with a high-potential quinone the associated 1,2-di- 
hydroisoquinoline gives isoquinoline rapidly at room temperature. 

1,2-Dihydro-1-methylquinoline—Schmid and Karrer™ who obtained 1,2-dihydro- 
l-methylquinoline in 37% yield by reduction of quinoline methiodide with ethereal lithium 
aluminium hydride described it as an extremely unstable oil. We have simplified their 
procedure and raised the yield of pure distilled product to 93%. Pure 1,2-dihydro- 
l-methylquinoline is a very pale yellow, mobile oil which can be stored indefinitely if 
immediately sealed in ampoules at 0-1 mm. On exposure to air it is even more unstable 
than the parent 1,2-dihydroquinoline, absorption of oxygen initiating rapid polymerisation 
to a resin of at least 24 monomer units. — 

1,2-Dihydro-1-methylquinoline and chloranil in homogeneous solution at room temper- 
ature give instantly a green amorphous precipitate (B) in amount corresponding to a 
1: laddition product. With p-benzoquinone it gave more slowly a dull mauve, amorphous 
powder (C) in 84% yield. These products are sparingly soluble in most solvents (except 
light petroleum and ether), in which however they are not stable, and they could not be 
purified. Their infrared spectra were complex and their ultraviolet spectra indicated no 
more than a quinoline nucleus. 

When an aqueous solution or suspension of product (B) was treated with a slight excess 
of dilute hydriodic acid, the green colour was instantly discharged. There remained 


° cl 
hie, Cl Cl — cl 
a —_ 
Mm. CF Cl +2 Cl OH 
Ze N 
Me ie) Me Cl 


a suspension of brown tetrachloroquinol, and evaporation of the aqueous filtrate yielded 
quinoline methiodide. Product (C) was similarly decolorised. The compounds are 
therefore considered to be salts, formed as indicated in the annexed formula for com- 
pound (B). 

The green salt (B) has one of its absorption maxima at 4 452 my (¢ ~3600) where 


0 Witkop, Experientia, 1954, 10, 419. 
™ Schmid and Karrer, Helv. Chim. Acta, 1949, 960. 
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neither reactant absorbs. The intensity of absorption at 452 my of a mixture of the 
reactants rises rapidly to a maximum, then more slowly declines. The theoretical] 
maximum value was therefore obtained by extrapolation. Measurements were made 
fairly satisfactorily at room temperature and give a second-order constant k= 
600 + 20 1. mole sec.! for formation of the salt. 

Formation of such phenol salts in this series can occur only by removal of a hydride ion 
from the position next to the nitrogen atom, followed by quaternisation. The primary 
hydride transfer accords with the mechanism thought to operate in the dehydrogenation of 
hydroaromatic homocyclic compounds by quinones. The above compound (B) is a 
relatively stable “ half-way ” stage which is rapidly reached in treating 1,2-dihydro-1- 
methylquinoline with chloranil; for the parent 1,2-dihydroquinoline this stage would 
involve a proton attached to quaternary nitrogen, and removal of this proton, which 
would be easy, would then complete the dehydrogenation. It is therefore relevant that 
quinoline and tetrachloroquinol form a loosely associated complex, which could involve 
donation of a proton to the base from the feebly acidic phenol. Similar colourless com- 
plexes of heterocyclic bases and dihydric phenols are recorded in the literature and have 
been described as “ molecular complexes ” }* and “ salts.” 1% The extent of their “ salt” 
character is thought to be less than that of the highly coloured compounds (B) and (C) 
described above. 

The very ready quaternisation-dehydrogenation of 1,2-dihydro-1-methylquinoline by 
loss of a hydride ion probably represents the first stage of enzymic reduction by diphospho- 
pyridine nucleotide (DPNH,). In the biological process, the reaction is completed with 
the assistance of phosphoric acid residues in the molecule: 7m vitro, the second stage was 
effected by addition of dilute mineral acid to the phenol salt. 

1,2-Dihydro-1 ,2-dimethylquinoline.—1 ,2-Dihydro-t ,2-dimethylquinoline, which still 
has one hydrogen atom next to the nitrogen, gives an intensely green colour at once with 
chloranil, but the reaction leads to a mixture of ill-defined products. In cold anhydrous 
ether 1,2-dihydro-1,2-dimethylquinoline and #-benzoquinone gave an insoluble, very dark 
blue, amorphous powder very different in properties from the monomethyl analogue. It 
showed no melting or decomposition range, was completely insoluble in water, and was not 
decolorised by mineral acid. Analysis showed that it was composed of 1 mol. of dihydro- 
dimethylquinoline and 2 mol. of benzoquinone. Its formation could not have involved a 
hydrogen transfer process of the kind which led to a phenol salt with 1,2-dihydro-1-methyl- 
quinoline. 

9,10-Dihydroacridine.—Acridine is reduced by lithium aluminium hydride to form 9,10- 
dihydroacridine in high yield and purity.5 The product forms colourless needles which are 
stable under pure dry nitrogen or in a high vacuum. In air, slow oxidation produces the 
yellow colour of crude acridine. 

On treatment with chloranil in homogeneous solution, 9,10-dihydroacridine showed 
rapid hydrogen transfer to form the quinol and acridine. Spectrometric kinetic work on 
this transfer system in benzene at room temperature, however, gave no satisfaction. Two 
runs at different concentrations gave closely similar series of falling second-order k values. 
The explanation probably follows from Dr. Packham’s observation ! that acridine and 
9,10-dihydroacridine form indeterminate, bright yellow complexes with great ease (similar 
highly coloured complexes are formed from phenazine and 9,10-dihydrophenazine ™) 
and these would interfere in the kinetic work. The original preparative reaction with 
chloranil, in solution at 66°, gave an almost quantitative yield of quinol, so that 
the hydrogen transfer still proceeds to completion under appropriate conditions. 

1 Cavalla, J., 1954, 4701. 

18 Bothner-By, J. Amer. Chem. Soc., 1955, 749. 

4 Freund, Ber., 1904, 4660; 1909, 1101. 

18 Bradley and Jeffrey, /., 1954, 2770. 


16 Packham, personal communication. 
17 Morley, J., 1952, 4011. 
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EXPERIMENTAL 


M. p.s were determined on a Kofler block and are corrected; unstable or volatile com- 
pounds were contained in sealed capillaries (about 0-2 mm. in diameter) which were laid flat 
on the glass slide of the Kofler block in the usual way. Microanalyses and spectral measure- 
ments were carried out in the microanalytical (Miss J. Cuckney) and spectrographic (Mrs. A. I. 
Boston and Dr. R. L. Erskine) laboratories of this Department. 

Diethyl 1,4-Dihydro-2,6-dimethylpyridine-3,5-dicarboxylate (I).—The procedure in Org. 
Synth. gave this compound in high yield as a yellow solid easily purified by crystallisation 
from ethanol. Further crystallisation from degassed ethanol in an evacuated vessel was 
necessary to obtain the ester pure for spectrometric kinetic work as bright yellow needles, m. p. 
189—190°, Amax. 230 and 372 my (ce 16,000, 7250). Transfer reactions were carried out with 
the once recrystallised product, m. p. 184—185°, of >97% purity. 

Reaction of Ester (1) with Chloranil.—An orange solution of chloranil (0-500 g., 1-0 mol.) in 
tetrahydrofuran (25 ml.) at 25° was added, all at once, to a pale yellow solution of the ester 
(0-515 g., 1-0 mol.) in tetrahydrofuran (17 ml.). There was a suggestion of a greenish colour, 
which almost instantly faded to pale yellow-brown. The mixture remained homogeneous, and 
during the next 15 min. no further change was observed. Solvent was then evaporated at 
reduced pressure, and the residue was separated by extraction with hydrochloric acid. The 
acid-insoluble pale-brown powder was tetrachloroquinol (0-489 g., 97%), m. p. and mixed m. p. 
233—236° (sealed capillary) (pure, m. p. 234—236°). The basic component, precipitated from 
the acid extract by alkali as a colourless powder, was diethyl 2,6-dimethylpyridine-3,5-di- 
carboxylate (0-493 g., 96%), m. p. and mixed m. p. 70-5—72°. Recrystallisation from ethanol 
gave the pure oxidised ester, m. p. 73-5—74-5°, Amax 236, 273, and 282 my (e 13,200, 4120, 
and 3380). 

1,2-Dihydroquinoline.—(a) A solution of quinoline (10-00 g., 1-0 mol.) in anhydrous ether 
(100 ml.) was added dropwise in about 20 min. to a boiling solution of lithium aluminium 
hydride (6-0 g., 2-0 mol.) in anhydrous ether (300 ml.). The mixture was then boiled under 
reflux for 5 hr. The mixture was chilled to 0°, and the complex was decomposed by addition 
of a slight excess of water. The sludge was filtered off and washed with ether (100 ml.). 
Evaporation of the filtrates under reduced pressure yielded the crude crystalline product 
(11-00 g., theor. 10-15 g.), m. p. ~47—52°, which at 0-08 mm. changed in 60 hr. to a yellow, 
syrup (9-77 g.). : 

The oil was boiled with acetic anhydride (3-7 ml., 0-6 mol.) for 15 min., then fractionally 
distilled, giving (a) a mixture of acetic acid and anhydride, (b) a colourless oil (4-56 g.), b. p. 
108—110°/18 mm., ,** 1-5952 [largely quinoline (picrate, m. p. and mixed m. p. 205—207°)], 
and higher-boiling materials which on refractionation gave a pale yellow oil (3-23 g.), b. p. 
101—109°/0-08 mm., »,,** 1-5939—1-5911 (Found: C, 75-6; H, 6-7; N, 8-2%). 

(b) The ethereal solution of the reduction product (15-00 g.), obtained as above, was con- 
centrated and distilled through a 10 x 1 cm. Stedman column, affording a fraction (4-08 g.), 
b. p. up to 117°/18 mm., yellow oil (A) (2-01 g.), b. p. 117—120°/18 mm., ,** 1-6166, and a 
sticky solid (B) (5-14 g.), b. p. 128—130°/18 mm., melting over a wide range up to 70° and 
having Amax, 230, 279, and 349 my (e 29,300, 1640, and 1940); pure 1,2-dihydroquinoline * has 
max, 228, 278, and 343 my (¢ 30,200, 1510, and 2240). 

Fraction (A) crystallised under pure dry nitrogen and was combined with fraction (B) for a 
second distillation which removed a small oily fore-run and gave the bulk of material as a pale 
yellow oily solid, b. p. 129—130°/18 mm., m. p. up to 65°. The solid was crystallised twice 
from hot degassed petroleum (b. p. 60—80°), yielding colourless needles (2-21 g.), m. p. 71—74° 
(sealed capillary) and similar néedles (1-50 g.), m. p. 66—69° (sealed capillary). Both materials 
were stored at 10-5 mm. pressure. 

All the mother-liquors were combined and evaporated at reduced pressure. The residual 
yellow oil was combined with the low-boiling fractions from the first distillation and the total 
oil component (6-58 g.) was twice fractionally distilled at reduced pressure. Fractions were 
collected, of b. p. 111—117°/16 mni., n,** 1-6156—1-6050, the last of which was a yellow oil 
(0-56 g.). Analytical values for this product indicated ~70% of tetrahydroquinoline (Found: 
C, 81:3; H, 7-5; N, 10-8. Calc. for C,H,N: C, 83-7; H, 5-5; N, 10-8. Calc. for C,H,,N: 
C, 81:15; H, 8-3; N, 10-5%). Benzoylation in pyridine afforded 1-benzoyl-1,2,3,4-tetra- 
hydroquinoline (84%), m. p. and mixed m. p. 76—77°. 
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The first fractions (4-61 g.) of the above distillation were shown by light absorption ang 
isolation of the pure picrate [(m. p. and mixed m. p. 205—207° (sealed capillary)] to contain 
about 80% of quinoline. 

(c) A solution of 1,2-dihydroquinoline (2-263 g., m. p. 71—74°) in pure degassed phenetole 
(10 ml., b. p. 172°) was boiled under reflux in a sealed vessel for 2 hr. The base was recovered 
and with acetyl chloride in pyridine (15 min. at 100°) gave 1-acetyl-1,2-dihydroquinoling 
(1-51 g.), b. p. 102°/0-08 mm., m,,* 1-6028 (Found: C, 76-5; H, 6-6; N,8-2. C,,H,,NO requires 
C, 76-3; H, 6-4; N, 81%). 

(d) Of 1,2-dihydroquinoline (3-000 g.), treated with lithium aluminium hydride (1-73 g.) in 
ether (70 ml.), most (2-921 g.) was recovered. 

Reaction of 1,2-Dihydroquinoline with Chloranil._—An orange solution of chloranil (0-936 g,, 
1-0 mol.) in dioxan (30 ml.) was added all at once to a solution of crude, undistilled 1,2-dihydro- 
quinoline (0-500 g.) in dioxan (5 ml.) at room temperature: a deep wine-red colour was im- 
mediately produced, and after 10 min. solvent was evaporated at reduced pressure. The 
residual oil was dissolved in benzene and extracted with hydrochloric acid. Basic material was 
recovered from the aqueous acid extract as a dark brown oil (0-481 g.), giving quinoline picrate, 
m. p. and mixed m. p. 205—207° (sealed capillary). Evaporation of the benzene solution 
afforded a yellow-brown solid (1-072 g.), m. p. 172—205°, all of which was dissolved in hot 
4n-sodium hydroxide. The solution was filtered into an excess of hydrochloric acid and the 
precipitate was filtered off as a brown powder (0-693 g., 73%), m. p. 228—232° (sealed capillary), 
not depressed on admixture with tetrachloroquinol, m. p. 234—236° (sealed capillary), 
Continuous ether-extraction of the deep red filtrate from the quinol yielded an orange-red 
solid (0-220 g.), m. p. 282—284° (decomp.; sealed capillary) alone or mixed with 2,5-dichloro- 
3,6-dihydroxy-1,4-benzoquinone. This accounts for the balance (27%) of acceptor. This 
process serves as an excellent procedure for estimation of 1,2-dihydroquinoline. 

1,2-Dihydroisoquinoline.—Redistilled isoquinoline (10-00 g., 1-0 mol.; m. p. 21—24°) was 
reduced with ethereal lithium aluminium hydride (6-0 g., 2-0 mol.) as with quinoline: crystallis- 
ation of the crude oily product from methanol afforded a powder (2-69 g.), m. p. 126—132°, 
which, recrystallised from aqueous and then from anhydrous dimethylformamide, gave pale 
fawn plates (0-22 g.), m. p. 194° (slight decomp.) (Found: C, 77-8; H, 6-1; N, 10-4. C,,H,,N,0 
requires C, 78-2; H, 5-8; N, 10-1%). Sublimation at 165°/5 x 10° mm. gave a very pale 
yellow powder (0-14 g.), m. p. 178—180° (decomp.) (Found: C, 78-1; H, 5-9; N, 10-6%). 

The above reduction was repeated with pure isoquinoline (20-00 g., 1-0 mol.) and ethereal 
lithium aluminium hydride (6-0 g., 1-0 mol.) in an atmosphere of pure dry nitrogen. Chloro- 
form (200 ml.) was also added to keep all organic material in solution after the complex was 
decomposed with a slight excess of water. The crude product was an oil whence crystallis- 
ation from methanol (50 ml.) gave a series of indefinite crystalline products (X) (13-45 g). 
Evaporation of the mother-liquors yielded an oil (7-23 g.) which was twice distilled to give a 
series of strongly blue-fluorescent, colourless oils (2-77 g.), b. p. 111—113°/16 mm., ,,*° 1-5777— 
1-5842. Part (0-100 g.) of a middle fraction was heated in pyridine with a slight excess of 
benzenesulphonyl chloride, for 10 min. on the steam-bath; the neutral product (0-176 g,, 
86%) had m. p. 153—154° alone or mixed with 1-benzenesulphonyl-1,2,3,4-tetrahydroiso- 
quinoline, m. p. 153—154°. 

The product (X) was extracted with cold chloroform (5 x 20 ml.; 5 x 5 ml.): insoluble 
material was a fawn powder (1-052 g.) (A), m. p. 189—190°, which, crystallised twice from 
1: 1 aqueous dioxan, gave fawn needles (0-632 g.), m. p. 189-5—190° (Found: C, 77-8; H, 61; 
N, 10:5%), Amax. 239, 274, 305, and 330 my (ec 26,600, 3270, 4680, and 5630), Vmax. 2567, 2535, and 
1625 cm.}, 

Material (A) (0-200 g., 1-0 mol.) was heated in pyridine (12 ml.) with benzoyl chloride 
(0-25 ml., 3-0 mol.) for 10 min. on the steam-bath, then the neutral product was isolated (0-338 g., 
97%). Crystallisation twice from ethanol afforded colourless prisms (0-259 g.), m. p. 201-5— 
202° (Found: C, 79-4; H, 5-0; N, 5-9; O, 10-2%; M, 485 (Rast). C,,H,,N,O, requires C, 
79-3; H, 5-0; N, 5-8; O, 9-9%; M, 490], vmax 1734s, 1629s, 1601m, and 1581m cm.*. 

The chloroform-soluble solid from the isoquinoline reduction was twice fractionally extracted 
by chloroform and precipitated from solution with light petroleum. The main product was 
then a colourless crystalline powder (3-40 g.), m. p. 112—121°, showing no trace of a higher- 
melting component. This was fairly pure associated 1,2-dihydroisoquinoline. All the other 
fractions (total, 6-48 g.) showed traces of higher-melting impurity in the range 155—195°. 
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These fractions were combined and shaken with chloroform (25 ml.) at 23°. Oxygen was 
bubbled through the solution or suspension. In ~15 min. the temperature had risen*to 35° 
and the amount of solid had increased. Thereafter the temperature slowly declined (to 19° in 
1 hr.). Filtration afforded a fawn powder (1-800 g.), m. p. 196—198° (decomp.). This 
material was crystallised from aqueous dioxan, then from aqueous ethanol, sublimed at 
150°/9 x 10° mm., and finally crystallised from anhydrous ethanol to give 4-hydroxyiso- 
quinoline as pale fawn prisms (0-963 g.), m. p. 228—229-5° (sealed capillary) alone or mixed 
with material prepared as described by Gilman e¢ al.18 (Found: C, 74-8; H, 5-2; N, 9-7; O, 
lll. Calc. for C,H,NO: C, 74-5; H, 4-9; N, 9-7; O, 110%), Amex, 234, 295, 320, and 330 my 
(¢ 17,910, 4700, 5320, and 5700), Vmax. (strong) 2427, 1803, 1770, and 1624 cm.*. 

The hydroxyisoquinoline was heated in pyridine with a slight excess of benzoyl chloride on 
a steam-bath for 10 min. and the basic benzoate was isolated quantitatively. Two crystallis- 
ations from light petroleum (b. p. 60—80°) gave colourless prisms, m. p. and mixed m. p. 
109—109-5°. 

Concentration of the chloroform filtrate from the 4-hydroxyisoquinoline gave a second crop 
of similar material (0-250 g.), m. p. 180—198° (decomp.). This was benzoylated and the crude 
product (0-40 g.) was separated by fractional crystallisation from petroleum (b. p. 60—80°) and 
from ethanol into 4-hydroxyisoquinoline benzoate (0-128 g.), m. p. 107—109°, and the less 
soluble ON-dibenzoate (A) (0-106 g.), m. p. 200-5—202°. 

Total evaporation of the chloroform mother-liquor and distillation of the residue (3-81 g.) 
gave mainly an oil (1-07 g.), b. p. 87—90°/0-002 mm., u,,* 1-6160—1-6203, which with methyl 
iodide yielded isoquinoline methiodide as needles (1-81 g., 80%), m. p. and mixed m. p. 160— 
161° (from ethanol). 

1,2-Dihydro-1-methylquinoline—Anhydrous, finely ground quinoline methiodide (10-00 g., 
1-0 mol.; m. p. 145—146°) was added in small portions in about 20 min. to a stirred solution of 
lithium aluminium hydride (1-54 g., 1-1 mol.) in anhydrous ether (50 ml.). A slight excess of 
saturated aqueous ammonium chloride was then added at 0°. The inorganic precipitate was 
filtered off and the filtrate was evaporated at 14 mm. on the steam-bath. The residue was 
fractionally distilled, to give a yellow oil (4-98 g., 93%), b. p. 52—53°/0-08 mm., n,,?*5 1-6195— 
16201, Amax, 231, 289, and 348 my (e 32,600, 2490 and 2110 in EtOH). 

A less successful distillation gave a resin which on repeated precipitation from benzene by 
ethanol afforded an unstable powder, m. p. 214—216° [Found: C, 81-9; H, 7-7; N, 10:1%; 
M, 5000 (Rast), 3500 (ebullioscopic in C,H,)]. 

Reaction of 1,2-Dihydro-1-methylquinoline with Chloranil.—Chloranil (3-12 g., 1-0 mol.) in 
dioxan (110 ml.) was quickly added at room temperature to 1,2-dihydro-1-methylquinoline 
(1-84 g., 1-0 mol.) in dioxan (15 ml.), giving a green precipitate which was filtered off, washed 
with dioxan, and dried in a vacuum to an amorphous green powder (4-96 g.) (B), m. p. ~123— 
130° (decomp.), Amax, 235, 316, 426, and 452 my (ec 41,290, 12,430, 3380, and 3480 in EtOH), 
Vmax. (Weak) 1628, 1591, 773, and 763 cm.7}. 

When this compound (1-000 g.) was suspended in water (10 ml.) and treated with a slight 
excess of N-hydriodic acid (3 ml.) at room temperature, the green colour was discharged and 
brown material remained in suspension. Filtration afforded a powder (0-656 g.; theor. for 
tetrachloroquinol, 0-634 g.), m. p. 205—210°. Crystallisation from benzene yielded pale brown 
leaflets (0-351 g.), m. p. 221—223°. Sublimation at 130° (bath)/6 x 10° mm. gave pale fawn 
crystals (0-325 g.), m. p. and mixed m. p. 234—236° (sealed capillary). The aqueous filtrate 
from the quinol, evaporated at reduced pressure, yielded a sticky yellow solid (0-794 g.; theor. 
for quinoline methiodide monohydrate, 0-739 g.). Recrystallisation from 50% aqueous ethanol 
gave yellow plates (0-525 g.), m. p. and mixed m. p. 71—73° (sealed capillary). When slowly 
heated in air, the sample was dehydrated and had m. p. and mixed m. p. 145—146°. 

Reaction of 1,2-Dihydro-1-methylquinoline with p-Benzoquinone.—p-Benzoquinone (0-80 g., 
1-0 mol.) in ether (25 ml.) was added at room temperature to 1,2-dihydro-1-methylquinoline 
(1-07 g., 1-0 mol.) in ether (25 ml.). A dark brown colour appeared immediately and a flocculent 
solid began to separate. The mixture was sealed under nitrogen for 10 min. The solid was 
then filtered off, washed with ether, and obtained as a dull mauve, amorphous powder (1-57 g.) 
(C), m. p. 105—140° (decomp.) Amex, 235 and 303 my (e 27,900 and 7000 in EtOH), vax, 1208s 
839s, and 767s, 1644m, 1620m, 1592m, and 780m cm."1. 

Quinoline-Tetrachloroquinol Complex.—A solution of quinoline (0-400 g., 2-0 mol.) and 

* Gilman and Gainer, J. Amer. Chem. Soc., 1947, 69, 1946. 
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tetrachloroquinol (0-384 g., 1-0 mol.) in ethyl acetate (10 ml.) was boiled under reflux. Cop. 
centration and cooling afforded light brown prisms (0-583 g.) readily subiiming as plates and 
needles from about 98° before melting at 125—173°. On attempted sublimation a 
5 x 10° mm. decomposition occurred at about 90°. 

Reaction of 1,2-Dihydro-1,2-dimethylquinoline with p-Benzoquinone.—1,2-Dihydro-1,2-4j- 
methylquinoline * (1-000 g., 1-0 mol.) in anhydrous ether (15 ml.) was quickly added at room 
temperature to p-benzoquinone (0-679 g., 1-0 mol.) in ether (25 ml.). A dark turquoise-blue 
colour appeared immediately and a solid slowly separated. The mixture was sealed under 
nitrogen for 5 hr. Filtration then afforded a dark blue powder which was washed with ether 
and immediately heated at 50°/10° mm. for 2 hr. After being cooled at this pressure, a 
specimen of the product (0-648 g.) was analysed at once (Found: C, 73-8; H, 5:3; N, 38, 
CygH,,NO, requires C, 73-6; H, 5-6; N, 3-7%), Amax. 235, 324, and 650 my (¢ 33,320, 11,380, 
and 3870), Vmax, 1604m, 829m, and 759m, 1620w, and 1582w cm.}. Addition of more p-benzo- 
quinone (1-0 g.) in ether (30 ml.) to the filtrate from the blue complex produced an identical 
reaction. Filtration after 14 hr. at room temperature afforded more of the complex (0-957 g.), 
to make the total yield 68%. 

9,10-Dihydroacridine5—A solution of acridine (5-00 g., 1-0 mol.) in anhydrous 1:] 
benzene-ether (50 ml.) was added in about 10 min. to lithium aluminium hydride (2-12 g, 
2-0 mol.) in anhydrous ether (100 ml.). The mixture was set aside in a sealed flask at room 
temperature for 18 hr., and worked up as for dihydroquinoline. The crude product crystallised 
from ethanol as needles (4-34 g., 87%), m. p. 170—172°. Recrystallisation from degassed 
ethanol in a vacuum yielded needles, m. p. 172—172-5°, Amax, 290 my (e 15,200). 

Reaction of 9,10-Dihydroacridine with Chloranil——A colourless solution of 9,10-dihydro- 
acridine (0-736 g., 1-0 mol.) in anhydrous tetrahydrofuran (6 ml.) was quickly added to a yellow 
solution of chloranil (1-000 g., 1-0 mol.) in hot tetrahydrofuran (15 ml.). There was im- 
mediately an intense, transient, blue coloration, changing at once to deep wine-red. The 
homogeneous solution was boiled under reflux for 1 hr. in a sealed vessel, and showed no further 
change in appearance. Solvent was distilled off at reduced pressure and the residual solid was 
separated by extraction with hot alkali. The alkali-soluble, acid-insoluble component was 
tetrachloroquinol (0-930 g., 92%), m. p. and mixed m. p. 232—236° (sealed capillary). The 
alkali-insoluble component was acridine (0-701 g., 97%), m. p. and mixed m. p. 106—109°. 

Kinetic Experiments.—(1) The Hantzsch ester and chlorvanil. The freshly crystallised ester 
(7-21 mg., 1-0 mol.) was dissolved in redistilled ‘‘ AnalaR ” benzene (50-00 ml.). A portion was 
diluted to exactly half concentration, and the absorption was measured in a 1-0 cm. stoppered 
cell (E 0-818 at 392 my). A similar process with chloranil (7-00 mg., 1-0 mol.) led to the 
value E 0-273. The oxidised Hantzsch ester and the quinol have no significant absorption 
at this wavelength, and it was assumed that in solutions containing equimolecular quantities of 
the reagents, Egonor = 0-750 E,ps- Immediately after the above measurements, 5-00 ml. of each 
solution were mixed and the diminishing absorption of an aliquot part was followed spectro- 
photometrically at 24° (see Table). 


4 6 8 10 12 16 20 26 
0-895 0-831 0-779 0-735 0-687 0-618 0-556 0-404 
0-671 0-623 0-584 0-551 0-515 0-463 0-417 0-370 

40 60 80 100 190 360 
0-392 0-295 0-239 0-199 0-115 59 
0-294 0-221 0-179 0-149 86 44 


k = 2-60 + 0-05 1. mole sec.+. 


(2) 1,2-Dihydroquinoline—chloranil. For 1,2-dihydroquinoline (0-0010%, 1-0 mol.) in 
benzene, Ejconen, = 0-221 at 350 my, and for chloroanil (0-00187%, 1-0 mol.) in benzene Ejconen. = 
0-184. The products of hydrogen transfer showed no significant absorption at this wavelength. 
However that at these concentrations the reaction was >80% complete in 40 sec. at 23°. 

When extremely dilute solutions were used at 350 my, an estimate was made of the second- 
order rate constant, from the simple equation from ¢ = 0: 

Donor, 0:00050% ; acceptor, 0-000937% ; in benzene at 23°. 


EW MND, st psacccccscanececeecevendsuagpes 55 65 

Eons 0-052 0-047 
0-0284 0-0257 

k (1. mole sec. 13,400 
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(3) 1,2-Dihydro-1-methylquinoline—chloranil. Dihydromethylquinoline (4-00 mg., 1-0 mol.) 
was dissolved in benzene (100-0 ml.), also chloranil (6-76 mg., 1-0 mol.) was dissolved in benzene 
(100-0 ml.); 1-40 ml. of each solution were mixed in a 1-0 cm. absorption cell in position in the 
spectrometer. Quantitative reaction produced the green phenol salt in 0-00538% concentration 
which is sufficiently low for complete solubility in benzene. The increasing absorption of the 
system at 452 mp was then measured. The expected zero-time value of E, less than 0-005, was 
neglected in calculating the extent of reaction. 

Heterocycle, 0-0020%; quinone, 0-00338%; in benzene at 23°. 


25 35 45 55 70 

0-375 0-395 0-411 0-429 

75 79 82 86 

240 600 720 1000 

0-480 450 430 420 

96 — ~o was 

The extrapolated, final value for E was 0-500, corresponding to eg,, 3640. The second- 

order rate equation (up to 180 sec.) gave k = 600 + 201. mole™ sec.7. 


The work described in this and the following two papers was carried out during the tenure 
by one of us (J. H.) of a maintenance grant from the Department of Scientific and Industrial 
Research. 
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653. Hydrogen Transfer. Part XVII Homogeneous Hydrogen 
Transfer Reactions from Dihydrides of Nitrogenous Heterocycles to 
Miscellaneous Acceptors. 


By (the late) E. A. BrAupDE, J. HANNAH, and SiR REGINALD LINSTEAD. 


Diethyl 1,4-dihydro-2,6-dimethylpyridine -3,5-dicarboxylate (the 
“ Hantzsch ester’’) and 1,2-dihydroquinoline have been found to act as 
hydrogen donors in homogeneous solution in purely organic systems, and are 
capable of reducing a variety of hydrogen acceptors, such as suitably 
activated ethylenes, azomethines, and azo- and nitro-compounds. The 
process requires no catalyst. 


Tue work presented in this paper is summarised in Tables 1 and 2. All the transfer 
reactions were of the same general form: stoicheiometric quantities of hydrogen donor 
and hydrogen acceptor were allowed to interact in homogeneous solution in sealed vessels, 
with variation in solvent and time and temperature of reaction. Most of the transfers 
were very slow and were rarely taken to completion. The ease of isolation of the four 
components varied widely, but in all cases the criterion of successful hydrogen transfer 
was isolation of the reduced acceptor or a derivative of it. Invariably there was more 
dehydrogenation of the donor than hydrogenation of the acceptor. This random oxidation 
of the hydro-heterocycle can generally be attributed to the presence of peroxides or dissolved 
oxygen in the solvent, but in certain experiments in which no transfer occurred, the 
considerable extent of donor oxidation can only easily be explained by the second com- 
ponent’s exercising some catalytic dehydrogenation effect. 

The corresponding reactions with quinone acceptors have been described in Part XVI. 
The first homogeneous hydrogen‘ transfer from the Hantzsch ester to maleic acid was 
effected at 66°. Higher temperature produced the expected increase in reaction vel- 
ocity, with however, increasing evidence of decomposition of the donor. This effect of 


* Part XVI, Braude, Hannah, and Linstead, preceding paper. 
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acidic decomposition ! of the heterocycle was most marked when glacial acetic acid was 
tested as solvent (no. 8 and 9). The latter reaction mixture also contained 20 mg. of 
cupric acetate in solution: the only interesting effect observed was that a mirror of metallic 
copper was formed. 


Reaction no. 4 was a test for the possible inhibition of the transfer to maleic acid, 


TABLE 1. 


The solvent used was crude, discoloured, commercial tetrahydrofuran, which contained 


Donor: diethyl | ,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate. 


Acceptor 


Chloranil ! 
Maleic acid 


°° - 
Fumaric acid 


Diethyl maleate 


Diethyl fumarate 
Dimethylmaleic anhydride 


Dimethylfumaric BEE oncascccrenscocceseesore 
3,4,5,6-Tetrahydrophthalic anhydride ... 


3,4,5,6-Tetrahydrophthalimide sdesesenners 


” ” ’” 
trvans-trans-Muconic acid 


§ Cinnamic acid 


trans-Stilbene 


trans-4-Nitrostilbene 


tvrans-4-Cyanostilbene ...............seeeeeees 


tvans-trans-1,4-Diphenylbutadiene 


Nitrobenzene 


” 
EEE "as cht os Sntndedessivehbbidencecces 


Azobenzene 
Anthracene 


Temp. 


25° 
66 


101 
156 


172 
118 


66 


101 


101 
200 
101 
156 
101 


” 


172 
156 


172 


Time 
15 min. 
20 hr. 
70 hr. 
90 hr. 
30 min. 


1 hr. 
70 hr. 
70 min. 
30 min. 


20 hr. 


72 hr. 
90 hr. 
72 hr. 
30 min. 
85 hr. 
30 min, 
50 hr. 
101 hr. 
50 hr. 
24 hr. 
40 hr. 
85 hr. 
24 hr. 
40 hr. 
24 hr. 
72 hr. 
24 hr. 


40 hr. 
24 hr. 


” 
” 


100 hr. 
24 hr. 
85 hr. 
24 hr. 


85 hr. 


24 hr. 
20 hr. 
24 hr. 
20 hr. 
72 hr. 
50 hr. 
24 hr. 


24 hr. 


Oxidn. of 
donor (%) 


97 
? 


Redn. of 
acceptor (%) 
97 


not detected 
meso, 6; racemic, 47 
0 


<4 
cis, 70; trans, 0 


0 
Probable 


0 


Complex reaction. 
Unlikely 


0 
-NH,, 16; -(CH,],- 
possible 
Possible 
Unlikely 
Not detected 

-—NH,, >8 

0 


Not detected 


~[CH,},-, 25; 
—CH(OH), unlikely 
-[CH,],-, 80; 
—CH(OH), unlikely 

0 


Complex reaction 

Decomposition 
Complex reaction 
0 


Trace 
—~CO*CH(OH)-23 

~25 

~23 

0 


ies te 





ogcaaa 
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TABLE 2. Donor: 1,2-dihydroquinoline. 


Oxidn. of Redn. of 
Acceptor Temp. Time donor (%) acceptor (%) 
BB.Chioranil ®  .....cs.ccrccccssecsevesecssocscsees 20° 30 min. 100 >93 
57 3,4,5,6-Tetrahydrophthalic anhydride ... 20 256 hr. ? 0 
58 és “. ms 101 50 hr. 80 15 
59 Benzylideneacetophenone .................. - a ? -{CH,],-, possible 
60 Benzylideneaniline ...................eeeeeeee al va ? 17 
GP ASODETBONS 2.2.2... .cccccccesccccscccccccsvececs 14 


62 Maleic anhydride ................scssecsceceees 20 8 min. Quantitative condensation 


* Cf. reaction No. 62 for details. 


water, peroxides, and other impurities: the acceptor, however, was smoothly reduced to 
succinic acid. 

A series of reactions under identical conditions showed that maleic anhydride, maleic 
acid, fumaric acid, and diethyl maleate were reduced to the extent of 91%, 29%, 8%, and 
less than 2%, respectively. 

When the reactions of the Hantzsch ester and maleic acid and anhydride were carried 
out in December 1953, we thought them to be the first examples of such hydrogen transfer. 
However, in 1939, Mumm and Diederichsen,? re-examining the structures in the 1,2- and 
1,4-dihydropyridine series by the criterion of Diels—Alder reaction with maleic anhydride, 
treated the Hantzsch ester with maleic anhydride and, on the basis of the rapid interaction, 
classified this heterocycle as a 1,2-dihydropyridine; they pointed out, however, that no 
Diels-Alder adduct was formed, -but that the dehydrogenated heterocycle and succinic 
anhydride were isolated. This observation was not followed up, and their main deduction 
was in fact incorrect, for it has now been shown by comprehensive ultraviolet spectral 
analyses that the Hantzsch ester belongs to the 1,4-dihydropyridine series.* 

It at first appears surprising that under identical conditions there is very little difference 
in the extent of reduction of diethyl maleate and diethyl fumarate, whereas maleic acid is 
reduced almost three times faster than fumaric acid. However, the normally slow isomeric 
change of maleic to fumaric ester is markedly catalysed by secondary amines. It seems 
probable, therefore, that with both the cis- and the trans-ester, the species being reduced 
is diethyl fumarate. 

Hydrogen transfer from the Hantzsch ester to 3,4,5,6-tetrahydrophthalic anhydride 
was slow at 172°. The reduced acceptor was isolated as cis-cyclohexane-1,2-dicarboxylic 
acid in an extremely pure condition. No trace of the ¢rans-isomer was detected. Because 
of the high temperature involved, the above result is not necessarily diagnostic of pure 
cis-addition of hydrogen to the double bond, and in fact a blank reaction, in which the 
pure trans-cyclohexane-1,2-dicarboxylic anhydride was heated in solution with the 
oxidised Hantzsch ester, showed considerable inversion to the cis-anhydride. The 
recovered acid was however not the pure cis-acid, and it is probable that in the transfer 
to the unsaturated anhydride, some trace of the ¢rans-cyclohexane acid would have been 
detected if hydrogenation had involved an initial trans-addition. 

Under similar conditions, dimethylmaleic anhydride was reduced in solution by the 
Hantzsch ester, and 6% of meso-a«’- and 47% of racemic a«’-dimethylsuccinic acid were 
isolated. The meso-material could hardly have been formed by inversion at the acid level 
and it is the unstable form at the anhydride level. At first sight, therefore, it appears 
that the initial addition of hydrogen in the transfer reaction occurs (at least partially) cis. 
However, work described below on the reaction between maleic anhydride and 1,2-dihydro- 
quinoline indicates that these reactions may follow a complex course. 

3,4,5,6-Tetrahydrophthalimide ,did not act as an acceptor although considerable 

* Mumm and Diederichsen, Annalen, 1939, 588, 195. 

* Berson and Brown, J. Amer. Chem. Soc., 1955, 444. 


* Davies and Evans, Trans. Faraday Soc., 1955, 1506. 
® Linstead and Whalley, J., 1954, 3722. 
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oxidation of the Hantzsch ester was observed. This contrasts with the easy catalytic 
hydrogenation of imides such as maleimide, dimethylmaleimide, and 3,4,5,6-tetrahydro- 
phthalimide, the anhydrides corresponding to which cannot be catalytically hydro- 
genated. No positive evidence can be produced for the homogeneous reduction of trans- 
trans-muconic acid * by the Hantzsch ester, although considerable oxidation of the donor 
occurred. 

Cinnamic acid also showed no tendency to act as an acceptor at low temperatures, and 
the reaction at 172° caused some decomposition of donor material. In contrast, both 
cinnamic and ¢rans-trans-muconic acid are smoothly reduced to the saturated compounds 
by metal-catalysed hydrogen transfer from cyclohexene at 66°.? 

With hydrocarbon acceptors, previous work on hydrogen transfer has also shown that 
simple unactivated ethylenic and acetylenic bonds are easily reduced by cyclohexene in 
presence of palladised charcoal.? On the other hand the dihydropyridine donor in homo- 
geneous solution failed to reduce diphenylacetylene, trans-stilbene, or trans-trans-1,4- 
diphenylbutadiene. 

Attempts were then made to render the ethylene bond of trans-stilbene more susceptible 
to homogeneous reduction, by introducing strongly polarising groups in the 4-position 
of one ring. When 4-nitrostilbene was treated with the lutidine donor, little or no 
reduction of the ethylene bond could be observed, but the nitro-group was reduced to the 
primary amine. 

Examination of nitrobenzene as an acceptor then showed that aniline is formed, but 
4-nitrostilbene is much more readily reduced to 4-aminostilbene. Both 4-cyanostilbene 
and benzonitrile failed to act as hydrogen acceptors under similar conditions. 

Reduction of the carbonyl function of aldehydes and ketones could not be effected by 
metal-catalysed hydrogen transfer from cyclohexene.6 The ethylene bond of «-un- 
saturated aldehydes and ketones likewise was not reduced. The dihydropyridine donor 
in homogeneous solution gave parallel results in that simple keto-groups were not reduced 
to alcohols. One exception, however, was observed in both catalysed and non-catalysed 
transfer: the a-diketone benzil was reduced to the acyloin benzoin. 

In contrast to the work on catalysed transfer, the «8-unsaturated ketone, benzylidene- 
acetophenone was reduced by the dihydropyridine donor to the saturated ketone. Two 
molecular equivalents of the donor were used, but no alcohol function could be detected 
in the product. Frank and Seven,® and Weiss,” in their studies on the Tschitschibabin 
pyridine synthesis have postulated that, for stoicheiometry, some transfer must occur 
(see formule). Here the 1,4-dihydropyridine intermediate has never been isolated, but 


(1) R“CHO + R”*CH,-COR” —> = R'CH:CR" COR” (1) 


(2) (I) + RY-CH,-COR™ —> = R”-CO-CHR": CHR’ CHR” COR” (II) 
RSH 
R" R” 
(3) (Il) + NH; —> see 
a! ya) 
R'Z R" 
4) @ + dm) —~ || | +. R’CH2CHR” COR” 
R Sy R (IV) 


in one reaction, with benzylideneacetophenone, acetone, and ammonia, Frank and Seven ® 
isolated benzylacetophenone. The present reduction of the same unsaturated ketone by 


* Elvidge, Linstead, and Smith, J., 1953, 708. 

7 Braude, Linstead, and Mitchell, J., 1954, 3578. 

8 Braude, Linstead, Mitchell, and Wooldridge, J., 1954, 3595. 
® Frank and Seven, J. Amer. Chem. Soc., 1949, 2629. 

10 Weiss, J. Amer. Chem. Soc., 1952, 200. 
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diethyl 1,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate supports the views of Frank 
and Seven and of Weiss. 

The «$-double bond of mesityl oxide was not reduced by the Hantzsch ester. 

It was expected that ¢vans-1,2-diacetylethylene would be reduced with ease comparable 
to that with fumaric acid. This was not realised in practice since some complex reaction 
and decomposition occurred. 

Mauzerall and Westheimer examined the reaction between pyruvic acid and an 
excess of diethyl 1,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate. The mixture was 
heated on a steam-bath for 18 hours with no solvent, and was then analysed by partition 
chromatography over silica gel.” 7% of lactic acid was found by titration and phenacyl 
lactate was isolated. We have found this to be an extremely complex reaction, involving 
extensive condensation between donor and acceptor. In contrast, ethyl pyruvate was 
not a hydrogen acceptor. 

Abeles and Westheimer ™ recently reduced benzoylformic acid to mandelic acid in 
very low yield, again using the Hantzsch ester as a direct hydrogen donor. 

Palladium-catalysed hydrogen transfer from cyclohexene causes hydrogenolysis of 
both benzylideneaniline and azobenzene to form aniline. Homogeneous hydrogen 
transfer from the dihydropyridine donor to both of these compounds was achieved with 
the formation of benzylaniline and hydrazobenzene respectively. 

A number of compounds in the series tested as hydrogen acceptors from the Hantzsch 
ester were also examined with 1,2-dihydroquinoline as donor. It was found that 1,2-di- 
hydroquinoline effected the same type of reduction faster than the dihydropyridine 
donor. This might have been expected from kinetic data,} but the sequel to this paper 
provides good examples of kinetic predictions’ being subordinate to the thermodynamic 
properties of any system. 

The reaction between 1,2-dihydroquinoline and maleic anhydride in ether rapidly 

gave an unstable, crystalline product for which structure (V) 

7 is proposed. This compound dissolves with effervescence in 

” H, cold aqueous sodium hydrogen carbonate and is reprecip- 

itated by mild acidification. It is rapidly hydrolysed in 

cold concentrated hydrochloric acid to 1,2-dihydroquinoline 

and a maleic-fumaric acid mixture. It is thermally unstable, and controlled decomposition 

yields quinoline and succinic anhydride. Compound (V) therefore represents a half-way 

stage in the reduction of maleic anhydride by 1,2-dihydroquinoline, with thermal 
decomposition completing the hydrogen transfer. 

The same process is thought to operate in the reduction of the substituted maleic 
anhydrides by both the dihydropyridine and the dihydroquinoline donor, with the slower 
reactions due to the steric and electronic contributions of the substituents. 


“() CO-CH:CH-CO,H 


EXPERIMENTAL 


M. p.s were determined on the Kofler block. Unstable or volatile compounds were contained 
in sealed capillaries (about 0-2 mm. diameter), which lay flat on the glass slide of the Kofler 
block in the usual way. 

Microanalyses and spectral measurements were carried out in the microanalytical (Miss 
J. Cuckney) and spectrographic (Mrs. A. I. Boston and Dr. R. L. Erskine) laboratories of this 
department. 

Solvents used in the hydrogen-transfer reactions were tetrahydrofuran, dioxan, and phene- 
tole, all of which were purified by prolonged refluxing over sodium, followed by fractional 
distillation through a 30 x 1 cm. column of Fenske helices. Refluxing in these solvents 
provided reaction temperatures of about 66°, 101°, and 172°, respectively. 

" Mauzerall and Westheimer, J. Amer. Chem. Soc., 1955, 2261. 


1 Bulen, Varner, and Burrell, Analyt. Chem., 1952, 24, 187. 
% Abeles and Westheimer, J. Amer. Chem. Soc., 1958, 5459. 
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Reaction apparatus consisted of long-necked, round-bottomed flasks of ~100 ml. Capacity, 
all in one piece with a Liebig condenser topped with a B.19 socket. Heating was by micro. 
burner, and the whole unit was shielded from draughts. In every case the mixtures were 
homogeneous at the boiling point, and were rapidly boiled until the vapour reached the cop- 
denser. The rate of heating was then reduced, and after a few seconds had been allowed for 
equilibration a “‘ cold finger,” fitted with a greased B.19 cone, was inserted to the level of the 
base of the condenser. Refluxing of the reaction solution then continued smoothly in an 
effectively sealed system. 

As an additional precaution for the exclusion of oxygen, several reactions in phenetole 
solution were carried out in sealed Pyrex tubes. These mixtures were maintained at a constant 
temperature of 156° in a simple thermostat of boiling anisole vapour. The precaution was in 
general unnecessary. 

In every case, exact equivalents of donor and acceptor were used, in terms of the hydrogen- 
transfer reaction being attempted. 

The dihydropyridine donor and its oxidised form (diethyl 2,6-dimethylpyridine-3,5-di- 
carboxylate) were completely different in properties. The dihydropyridine donor, m. p, 
189—190°, was yellow, non-basic, and insoluble in petroleum. The oxidised compound, m. p. 
73-5—74-5°, was colourless, strongly basic, and easily soluble in petroleum. These differences 
were of great assistance in working up the products from the various reactions. The m. p. 
of the lutidine donor was markedly depressed by impurities, for example, 184—185° represents 
at least 97% purity. 

1,2-Dihydroquinoline and quinoline were more difficult to separate and, in general, the labile 
dihydroquinoline component in an incomplete transfer reaction was not worked up. 

The solvent, time, and temperatures of reaction are given in Tables 1 and 2. Representative 
working up procedures are given below. The numbers refer to the examples in the 
Tables. 

5. Hantzsch Ester—Maleic Acid.—Donor, 1-091 g.; acceptor, 0-500 g.; dioxan, 17 ml.; 101°; 
30 min. Solvent was evaporated at reduced pressure, and the residue was extracted with an 
excess of warm aqueous sodium carbonate. The alkaline extract was acidified and continuous 
ether-extraction then yielded the acid component (0-53 g:), m. p. 125—179°. Titration of an 
aliquot part with 0-1N-potassium permanganate showed that the maleic acid content had 
diminished by 29%. The remainder of the sample was oxidised with the permanganate 
reagent under the same conditions, and continuous ether-extraction of the mixture yielded 
crude succinic acid (0-121 g.), m. p. 167—-175° (diphenacyl ester, m. p. and mixed m. p. 150— 
151°). The recovered donor component (0-980 g.) was separated by extraction with 4n-hydro- 
chloric acid into crude unchanged donor (0-090 g.), m. p. 165—170°, and oxidised donor 
(0-715 g.), m. p. 71—72°. 

15. Hantzsch Ester—Diethyl Maleate.—Donor, 1-091 g.; acceptor, 0-742 g.; phenetole, 15 ml.; 
172°; 20 hr. Unchanged donor was precipitated from the cold solution by the addition of 
light petroleum (b. p. 40—60°) (50 ml.): filtration then gave yellow needles (0-101 g., 9%), m. p. 
157—165°, raised to 181—183° by crystallisation from ethanol. Oxidised donor was extracted 
from the petroleum—phenetole filtrate with 4n-hydrochloric acid and was recovered as a colour- 
less powder (0-410 g., 38%), m. p. 70—72°. 

The petroleum—phenetole solution was evaporated on the steam-bath, and the residual 
phenetole solution of the ester was boiled under reflux with an excess of ethanolic potassium 
hydroxide. Water was added and the cold hydrolysis mixture was extracted with light 
petroleum to remove phenetole. The aqueous salt solution was then acidified and continuous 
ether-extraction gave the mixed acids as a pale brown solid (0-543 g., theor. 0-509 g.), m. p. 
70—183°. Titration of an aliquot part with standard permanganate showed that the original 
double bond value had diminished by 76%. The remainder of the recovered acids was 
fractionally crystallised from ethanol to give succinic acid (0-102 g.), m. p. and mixed m. p. 
189—190°. 

18. Hantzsch Ester—Dimethylmaleic Anhydride.—Donor, 0-880 g.; dimethylmaleic anhydride, 
0-437 g.; phenetole, 14 ml.; 172°; 90 hr. Most of the solvent was distilled off at reduced 
pressure. The residue was dissolved in benzene and extracted with an excess of aqueous 
sodium carbonate. The alkaline extract was acidified to Congo Red and was continuously 


14 Braude, Jones, and Stern, J., 1946, 401. 
1 Lange and Kline, J. Amer. Chem. Soc., 1922, 2709. 
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extracted with ether, yielding a colourless solid (0-394 g.), m. p. 75—162°. Unchanged dimethy]l- 
maleic anhydride was dissolved from this mixture with boiling light petroleum (b. p. 40—60°) 
and was recovered as a colourless solid (0-122 g., 28%), m. p. and mixed m. p. 87—94° (pure 
m. p. 94—95°). The petroleum-insoluble residue (0-269 g.), m. p. 119—143°, was extracted 
with cold chloroform, leaving meso-dimethylsuccinic acid (0-030 g., 6%), which was crystallised 
from hot water as colourless prisms (0-027 g.), m. p. and mixed m. p. 204—206° (sealed capillary). 
Evaporation of the chloroform extract yielded racemic dimethylsuccinic acid (0-239 g., 47%), 
m. p. and mixed m. p. 123—127°. Oxidised donor (0-721 g., 83%) and crude unchanged 
donor (0-017 g., 2%) were recovered in the usual way from the original benzene solution. 

21. Hantzsch Ester—3,4,5,6-Tetrahydrophthalic Anhydride.——Donor, 0-743 g.; acceptor, 
0-447 g.; phenetole, 12 ml.; 172°; 85 hr. Light petroleum (b. p. 60—80°) (50 ml.) was added 
to the cold solution, and the precipitated unchanged donor (0-064 g.), m. p. 170—172°, was 
filtered off. Aqueous sodium carbonate extraction of the phenetole—petroleum filtrate, followed 
by acidification and constant ether-extraction of the aqueous extract, afforded a colourless 
solid (0-483 g.). This material was thoroughly extracted with boiling light petroleum (b. p. 
60—80°). Insoluble material was cis-cyclohexane-1,2-dicarboxylic acid (0-353 g., 70%), 
m. p. and mixed m. p. 195-5—196°. [The tvans-isomer has m. p. 221° (uncorr.).] Evaporation 
of the petroleum extract yielded a solid (0-109 g., 24%), m. p. 45—70°, which crystallised from 
light petroleum to give 3,4,5,6-tetrahydrophthalic anhydride, m. p. and mixed m. p. 68—73° 
(pure, m. p. 73—74-5°). In the usual way, oxidised donor (0-552 g., 75%) and crude unchanged 
donor (0-057 g., 16%) were recovered from the phenetole—petroleum solution. 

Thermal Isomerism of trans- to cis-Cyclohexane-1,2-dicarboxylic Anhydride.—A solution of 
pure trans-cyclohexane-1,2-dicarboxylic anhydride (0-453 g.; m. p. 144—145°) and the oxidised 
donor (0-736 g.) in phenetole (12 ml.) was boiled under reflux in a sealed vessel for 90 hr. The 
mixture was worked up as in the above transfer and the recovered acid was found to be a 
mixture (0-470 g., 93%), m. p. 180—185°. M. p. tests in conjunction with the m. p. diagram 
for mixtures of cis- and trans-cyclohexane-1,2-dicarboxylic acid # suggested that the mixture 
contained about 30% of the cis- and 70% of the tvans-isomer. 

23. Hantzsch Ester—3,4,5,6-Tetrahydrophthalimide.—Donor, 0-837 g.; acceptor, 0-500 g.; 
phenetole, 13 ml.; 172°; 50 hr. Unchanged donor separated from the cold solution and was 
filtered off as yellow needles (0-236 g., 28%). The filtrate was evaporated at reduced pressure 
and the residue dissolved in benzene. Oxidised donor (0-475 g., 57%) was recovered from this 
solution by acid-extraction. The benzene solution was evaporated at reduced pressure, leaving 
a pale yellow powder (0-487 g.). Tetrahydrophthalimide and cis-hexahydrophthalimide are 
separated quantitatively by partition chromatography in wet benzene over silica gel containing 
47% by weight of water: the unsaturated imide is eluted first. An aliquot part (0-190 g.) of 
the recovered imide was analysed by this procedure: unchanged tetrahydro-imide (0-179 g.), 
m. p. 169—173°, was isolated, but no trace of any other product could be found (pure 3,4,5,6- 
tetrahydrophthalimide, m. p. 173—174-5°; cis-hexahydrophthalimide, m. p. 135°). 

24. Hantzsch Ester—trans-trans-Muconic Acid.—Donor, 1-782 g., 2-0 mol.; acceptor, 0-500 g., 
10 mol.; dioxan, 70 ml.; 101°; 100 hr. Solvent was distilled off and the residue separated 
in the normal way for an acidic acceptor by extraction with aqueous sodium carbonate. 
Insoluble donor material was further separated by acid-extraction to give unchanged donor 
(1-26 g.; 71%) and oxidised donor (0-28 g., 16%). The sodium carbonate extract was acidified 
and the resultant precipitate of crude trans-trans-muconic acid (0-270 g., 54%) filtered off [m. p. 
288—289° (decomp.; sealed capillary); pure, m. p. 297—300° (decomp.; sealed capillary)]. 
Continuous ether-extraction of the filtrate yielded a pale brown, sticky solid (0-230 g., 46%), 
m. p. 100—350°. Separation of this water-soluble product according to the literature * was 
unsuccessful. At each stage corresponding to one of the seven possible hydrogenation products, 
small quantities of solids with very wide melting ranges were isolated. 

28. Hantzsch Ester-Cinnamic Acid.—Donor, 0-855 g., acceptor, 0-500 g.; phenetole, 13 ml1.; 
172°; 85 hr. Solvent was distilled off at reduced pressure, and the residue was dissolved in 
benzene and extracted with aqueous sodium carbonate. This extract on acidification yielded 
cinnamic acid (0-361 g., 72%), m. p. and mixed m. p. 128—134° (pure m. p. 133—134°). 
Oxidised donor (0-463 g., 54%) was extracted from the benzene solution with hydrochloric acid 
and precipitated with alkali. No unchanged donor was recovered. Evaporation of the benzene 
solution left a neutral yellow oil (0-245 g.), , 1-5677. Attempted fractional distillation of 


% Price and Schwarcz, J. Amer. Chem. Soc., 1940, 2894. 
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this product at 150°/0-002 mm. caused extensive decomposition, and gave only a trace of 
unidentified distillate (Found: C, 74-3; H, 6-8; N, 1-5%). 

30. Hantzsch Ester—Diphenylacetylene.—Donor, 1-422 g., 2-0 mol.; acceptor, 0-500 g., 
1-0 mol.; dioxan, 22 ml.; 101°; 40 hr. Solvent was evaporated at reduced pressure and the 
residue was extracted with 1 : 4 benzene—light petroleum. Insoluble unchanged donor (1-260 g., 
87%) was filtered off. Oxidised donor (0-122 g., 9%) was recovered in the usual way by acid- 
extraction of the filtrate. Evaporation of the benzene—petroleum afforded the impure acceptor 
(0-500 g.), m. p. 47—68°, Amax. 279 and 296 my (e 23,800 and 20,700) (diphenylacetylene, m. p. 
62—63°; Amax. 281 and 298 my; e 33,300 and 30,800) (Found: C, 92-8; H, 5-9. Cale. for 
CygHy: C, 94:3; H, 5-7%). 

32. Hantzsch Ester—1,4-Dihydronaphthalene.—Donor, 0-970 g., acceptor, 0-500 g.; tetra- 
hydrofuran, 20 ml.; 66°; 72 hr. The mixture was worked up as in reaction no. 30, to give 66% 
of unchanged donor and 18% of oxidised donor. The acceptor component was recovered as a 
yellow oil (0-43 g., 86%) from which 2,3-dibromotetralin (0-77 g., 79%), m. p. and mixed 
m. p. 70—72° (pure, m. p. 73—74°), was prepared by direct bromination in cold chloroform 
followed by fractional crystallisation. 

34. Hantzsch Ester—trans-4-Nitrostilbene.!’—Donor, 0-563 g., 1-0 mol.; acceptor, 0-500 g,, 
1-0 mol.; phenetole, 8 ml. The mixture was contained in a sealed Pyrex tube and kept at 
156° for 24 hr. Unchanged donor (0-210 g., 37%) crystallised from the cold solution. Solvent 
was distilled off under reduced pressure and the residue was dissolved in benzene and treated 
with hydrochloric acid to remove oxidised donor. This produced a precipitate (85 mg.) of a 
primary aromatic amine hydrochloride. The compound was converted into the free base 
(65 mg.), m. p. 139—150°, which was in turn converted into the N-benzoyl derivative (93 mg.), 
m. p. 242—245°. Crystallisation from aqueous dimethylformamide gave straw-coloured 
leaflets (55 mg.), m. p. 247—-248° (4-aminostilbene, m. p. 151—152°; N-benzoyl derivative, 
m. p. 245°). Only 29% of oxidised donor could be recovered from the hydrochloric acid 
solution, and evaporation of the benzene solution afforded a yellow, sticky solid (0-462 g.), m. p. 
up to 152°, Amax, 348 my (e 18,000) [4-nitrostilbene, m. p: 157—158°, Amax, 348 my (e 22,000)}. 
The formation of 4-aminostilbene (16%) required 48% of.the donor, leaving a balance of only 
15% donor oxidation, which is an average background value. 

35. Hantzsch Ester-trans-4-Cyanostilbene.4*—Donor, 0-618 g., 1:0 mol.; acceptor, 0-500 g., 
1-0 mol.; phenetole, 10 ml.; 172°; 50 hr. The mixture was worked up as for 4-nitrostilbene 
(no. 34) to give 56% of unchanged donor (0-345 g.) and 16% of oxidised donor (0-095 g.). The 
crude acceptor was recovered as a yellow solid (0-592 g.), m. p. 112—118°, contaminated with 
the donor (~0-05 g.) which had remained in the cold phenetole solution. Purification by high- 
vacuum sublimation afforded a colourless powder (0-481 g., 96%), m. p. 100—117° (4-cyano- 
stilbene, m. p. 119-5—120°). No convenient process was available to separate a possible trace 
of 4-cyanobibenzyl from 4-cyanostilbene, and the mixture was not further examined. 

38. Hantzsch Ester—Nitrobenzene.—Donor, 3-09 g., 3-0 mol.; acceptor, 0-500 g., 1-0 mol.; 
phenetole, 40 ml.; 172°; 24 hr. Unchanged donor (2-47 g., 80%) crystallised from the cold 
solution which was then worked up for primary amine content. The N-benzoyl derivative was 
isolated as an oily solid (84 mg.), m. p. up to 155°. Recrystallisation from aqueous ethanol 
gave benzanilide (30 mg.), m. p. and mixed m. p. 163—164°. The working up process also 
yielded 12% of oxidised donor. 

40. Hantzsch Ester—Benzonitrile—Donor, 2-46 g., 2-0 mol.; acceptor, 0-500 g., 1-0 mol.; 
phenetole, 30 ml.; 172°; 100 hr. Unchanged donor (1-11 g., 45%) crystallised from the cold 
solution. The working-up process was based on the possibility that the cyano-group could 
have been reduced to the primary amine or to the aldimine stage. The phenetole solution was 
extracted with 4n-hydrochloric acid, and the aqueous acid solution was examined for traces of 
benzaldehyde and benzylamine: no trace of either was found. The aqueous acid extract 
yielded only crude, oxidised donor (0-71 g., 29%). 

42. Hantzsch Ester—Benzophenone.—Donor, 0-695 g.; acceptor, 0-500 g.; phenetole, 11 ml.; 
172°; 85 hr. Addition of light petroleum to the cold solution precipitated a small quantity 
of unchanged donor (0-027 g., 4%). Oxidised donor (0-404 g., 58%) was extracted from the 
solution with acid and precipitated with alkali. Evaporation of the phenetole—petroleum 
solution at reduced pressure gave the crude acceptor component as a sticky solid (0-64 g., 


1” Pfeiffer and Sergiewskaja, Ber., 1911, 44, 1109. 
18 Meerwein, Biichner, and Van Emster, J. prakt. Chem., 1939, 152, 256. 
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theor. 0-50g.). Analiquot part (0-23 g.) was treated with 3,5-dinitrobenzoyl chloride in pyridine 
but the only product was an oil (0-25 g.), found to be unchanged benzophenone (2,4-dihitro- 
phenylhydrazone, m. p. 239—240°). The remaining acceptor (0-41 g.) was distilled at reduced 
pressure and gave only benzophenone (0-373 g., 91%), m. p. and mixed m. p. 45—47°. 

43. Hantzsch Ester—Benzylideneacetophenone.—Donor, 1-215 g., 2-0 mol.; acceptor, 0-500 g., 
1-0 mol.; phenetole, 20 ml. The mixture was kept in a sealed Pyrex tube at 156° for 24 hr. 
Unchanged donor (0-582 g., 48%) crystallised from the cold solution, which was then worked 
up as in reaction no. 42 to yield oxidised donor (0-509 g., 42%), and the acceptor component 
(0-551 g.), m. p. 35—68° (benzylideneacetophenone, m. p. 55—55-5°; benzylacetophenone, 
m. p. 71—72°). An aliquot part (0-100 g.), with 2,4-dinitrophenylhydrazine hydrochloride, 
gave an orange powder (0-130 g.), m. p. 160—210°, which was chromatographed in 1 : 3 benzene- 
petroleum over alumina. Only one homogeneous band was formed. A mixture of benzylidene- 
(m. p. 249—250°) and benzyl-acetophenone 2,4-dinitrophenylhydrazones (m. p. 185—185-5°) 
was likewise found to be non-separable by chromatography over alumina. A sample of 
benzylideneacetophenone was then brominated almost quantitatively in cold chloroform, 
yielding the two forms of the dibromide, m. p. 160—161° and 125—126°: both failed to react 
with 2,4-dinitrophenylhydrazine. The remainder of the acceptor component (0-45 g.) was 
therefore brominated and the products were treated with 2,4-dinitrophenylhydrazine sulphate 
in ethanol, forming an orange powder (0-180 g.), which was fractionally crystallised and 
chromatographed to give benzylacetophenone 2,4-dinitrophenylhydrazone (0-059 g.), m. p. 
and mixed m. p. 184—185-5°. Fractional crystallisation of the mother-liquors from the 
hydrazone gave the high-melting form of chalcone dibromide (47 mg.), m. p. and mixed m. p. 
158—161°. 

44. An identical mixture as in reaction no. 43 was boiled under reflux in a sealed vessel for 
85 hr. The same working-up process afforded 40% of unchanged donor and 51% of oxidised 
donor. The recovered acceptor component (0-585 g.) was fractionally crystallised from light 
petroleum (b. p. 60—80°), to give benzylacetophenone (0-401 g., 80%), m. p. and mixed m. p. 
70—72°. The combined petroleum mother-liquors yielded a sticky solid (0-124 g.) which still 
possessed strong ketonic properties. Treatment with «-naphthyl isocyanate at 100° for 30 
min. yielded an oil. 

46. Hantzsch Ester—Mesityl Oxide.—Donor, 1-290 g., 1-0 mol.; acceptor, 0-500 g., 1-0 mol.; 
tetrahydrofuran, 20 ml. The mixture was kept in a sealed Carius tube at 200° for 20 hr. After 
addition of pentane to the cold solution, unchanged donor (0-936 g., 62%) was filtered off, and 
oxidised donor (0-126 g., 10%) recovered in the usual way by acid-extraction and alkali- 
precipitation. The solvent was then distilled off through a Fenske column and an aliquot part 
of the residue was converted into the 2,4-dinitrophenylhydrazone (0-337 g., 95%). The 2,4- 
dinitrophenylhydrazones of mesityl oxide (red, m. p. 198—199°) and isobutyl methyl ketone 
(orange, m. p. 89—93°, constant after fractional crystallisation and chromatography over both 
alumina and bentonite—kieselguhr) were found to be separated quantitatively by chromato- 
graphy in benzene over bentonite—-kieselguhr (4:1 by wt.). The saturated derivative was 
rapidly eluted. Change of solvent to chloroform was required to elute the mesityl oxide 
derivative. Application of this process to the recovered acceptor derivative showed that no 
isobutyl methyl 2,4-dinitrophenylhydrazone was present, and only the mesityl oxide derivative 
(0-221 g., 62%) was recovered from the column. 

50. Hantzsch Ester-Ethyl Pyruvate-——Donor, 4:37 g., acceptor, 2-00 g.; dioxane, 35 ml.; 
101°; 72 hr. Unchanged donor (3-30 g., 76%) crystallised from the cold solution (~10% more 
would remain in solution). Reaction of an aliquot part of the filtrate with 2,4-dinitrophenyl- 
hydrazine hydrochloride showed that at least 95% of the ketone was present. 

52. Hantzsch Ester-Benzil—~Donor, 1-205 g., 2-0 mol.; acceptor, 0-500 g., 1-0 mol.; 
phenetole, 17 ml.; 172°; 24 hr. Unchanged donor (0-722 g., 60%) crystallised from the cold 
solution. Solvent was distilled off at reduced pressure, leaving a sticky solid which was 
dissolved in benzene and extracted with dilute acid. Oxidised donor (0-176 g., 6%) was 
precipitated from the acid extract by alkali. Evaporation of the benzene solution yielded the 
acceptor component as a sticky yellew solid (0-670 g., theor. 0-505 g.). Testing this material 
with the sodium methoxide—methanol-benzil reagent ™*° demonstrated that benzoin had been 
formed: a deep violet colour was at once produced. Comparison of the infrared spectra of 


1 McAllister, J. Amer. Chem. Soc., 1929, 2824. 
*® Michaelis and Fetcher, J] Amer. Chem. Soc., 1937, 59, 1246. 
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benzil and benzoin showed that the benzoin content of the mixture was ~17%: Vmax 3449 cm.71; 
benzil, nil; benzoin, ¢ 40-2; mixture, e 6-86. Since the recovered acceptor could only contain 
a maximum of 0-5 g. of benzoin, the effective hydrogen transfer value is 23%. 

53. Hantzsch Ester-Benzylideneaniline.—Donor, 0-699 g.; acceptor, 0-500 g.; phenetole, 
10 ml. The mixture was kept in a sealed Pyrex tube at 156° for 24 hr. Unchanged donor 
(0-144 g., 21%) crystallised from the cold solution. Solvent was distilled off at reduced 
pressure, and the last traces of unchanged donor (0-056 g., 8%) were precipitated from the 
residue by adding light petroleum (b. p. 60—80°). Evaporation of the petroleum filtrate 
left the mixture of oxidised donor and acceptor component as a colourless oil (1-000 g.). An 
aliquot part (0-638 g.) was benzoylated in pyridine solution: the neutral product was N-benzyl- 
benzanilide (0-102 g., 25%), m. p. and mixed m. p. 106—107°. 

54. Hantzsch Ester—Azobenzene.—Donor, 0-695 g.; acceptor, 0-500 g.; phenetole 7 ml. The 
mixture was kept in a sealed Pyrex tube at 156° for 24 hr. Phenetole was distilled off at 
reduced pressure and the residue was dissolved in 1 : 4 benzene—light petroleum (b. p. 60—80°). 
A trace of unchanged donor (0-035 g., 5%) was filtered off. Solvent was again evaporated, and 
the residue was added in ether (10 ml.) in small portions to ice-cold 5N-hydrochloric acid (10 ml). 
The flask was shaken after each addition. Concentrated hydrochloric acid (5 ml.) was finally 
added to the mixture which was chilled to 0° for 30 min. then filtered. The product was a 
colourless powder (0-160 g., 23%) which was converted into the free base (0-098 g.), m. p. 
115—149°, then dissolved in pyridine and benzoylated. The neutral product was NN’-di- 
benzoylbenzidine (0-195 g., 93%), m. p. and mixed m. p. 368—371°. 50% recovery of azo- 
benzene was effected from the ethereal layer in the rearrangement; the hydrochloric acid layer 
yielded 72% of crude oxidised donor on being neutralised. 

58. 1,2-Dihydroquinoline-3,4,5,6-Tetrahydrophthalic Anhydride.—Donor, 0-432 g.; acceptor, 
0-500 g.; dioxan, 10 ml.; 101°; 50 hr. An excess of aqueous sodium carbonate solution was 
added to the dioxan solution, then the donor component was removed by extraction with light 
petroleum (b. p. 40—60°). Petroleum was evaporated off and the dihydroquinoline content 
of the residue was estimated by reaction with chloranil: 1 18% of tetrachloroquinol (0-145 g.), 
m. p. 226—232° (sealed capillary), was isolated (pure m. p, 234—236°). The basic component 
was recovered as a yellow oil (0-387 g., 91%) from which quinoline picrate (86%), m. p. and 
mixed m. p. 203—205° (sealed capillary) (pure m. p. 206—207°), was isolated. The sodium 
carbonate extract was acidified and continuous ether-extraction gave a yellow sticky solid 
(0-669 g.) (cf. reaction no. 21 with the Hantzsch ester). Extraction with boiling light petroleum 
(b. p. 60—80°) by decantation left a pale brown solid (0-136 g.), which crystallised from hot 
water as an off-white powder (0-082 g., 15%), m. p. 192—194°. The mixed m. p. with the pure 
cis-cyclohexane-1,2-dicarboxylic acid from reaction no. 21 was 192—195°. Evaporation of 
the petroleum extract afforded an orange gum from which 3,4,5,6-tetrahydrophthalic anhydride 
(0-094, 18%), m. p. and mixed m. p. 68—72°, was obtained. 

59. 1,2-Dihydroquinoline—Benzylideneacetophenone.—Donor, 0-315 g., 1-0 mol.; acceptor, 
0-500 g., 1-0 mol.; dioxan, 10 ml.; 101°; 50 hr. The mixture was shaken with an excess of 
4n-hydrochloric acid. Continuous extraction with light petroleum (b. p. 40—60°) then yielded 
the acceptor component as a viscous yellow oil (0-521 g., theory, 0-505 g.). This product was 
worked up as in reaction no. 43 by bromination (yield, 0-877 g.; theor. for 100% chalcone 
dibromide, 0-884 g.), treatment with 2,4-dinitrophenylhydrazine sulphate, and chromatography. 
The coloured product was a gum (77 mg.) which crystallised from the minimum volume of 
acetic acid as orange microcrystals (18 mg.), m. p. 155—-225°. 

60. 1,2-Dihydroquinoline—Benzylideneaniline.—Donor, 0-362 g.; acceptor, 0-500 g.; dioxan, 
10 ml.; 101°; 50 hr. Solvent was evaporated off and the residue was dissolved in quinoline 
and benzoylated. The neutral product was N-benzylbenzanilide (0-620 g., 77%), m. p. and 
mixed m. p. 105—106°. 

61. 1,2-Dihydroquinoline—A zobenzene.—Donor, 0-360 g.; acceptor, 0-500 g.; dioxan, 
10 ml.; 101°; 50hr. Solvent was evaporated off and the residue was subjected to the benzidine 
rearrangement as in reaction no. 54. The product was a colourless powder (0-522 g., 74%) 
which was converted almost quantitatively into free benzidine (0-364 g.), m. p. 123—124°. 
An aliquot part, benzoylated in pyridine, gave NN’-dibenzoylbenzidine (97%), m. p. and 
mixed m. p. 365—367°. 

62. 1,2-Dihydvoquinoline—Maleic Anhydride.—A colourless solution of 1,2-dihydroquinoline 
(0-699 g.) in anhydrous ether (5 ml. + 2 ml.) was added at room temperature to a colourless 
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solution of maleic anhydride (0-500 g.) in anhydrous ether (10 ml.). A wine-red colour was 
immediately produced, fading quickly to pale yellow. The solution had been sealed at once 
under nitrogen, and after a few minutes, yellow needles began to separate. The mixture was 
chilled to 0° for 20 min., then the product (V) (0-986 g., 82%), m. p. 97-5—99°, was filtered off. 
Partial evaporation of the filtrate afforded similar needles (0-101 g., 8%), m. p. 96-5—100°. 
Attempted recrystallisation from benzene and from ether merely showed this product (1-8- 
carboxyacryloyl-1,2-dihydroquinoline) (V) to be unstable. A specimen was therefore analysed 
at once (Found: C, 67-8; H, 5-0; N, 6-1. C,,;H,,NO, requires C, 68-1; H, 4-8; N, 61%), 
Amax. 231 and 309 mp (e 22,500 and 4500) in anhydrous ether, v,,,, 1715s, 1571s, and 1556s, and 
9500m, 1774m, and 1622m cm.*. 

Hydrolysis of Compound (V).—Compound (V) (0-200 g.) dissolved on trituration in cold 
concentrated hydrochloric acid to form an intensely yellow solution: in ~2 min. the colour 
faded completely. The solution was neutralised with sodium hydrogen carbonate and the 
resultant white precipitate was extracted with benzene. The benzene solution was treated at 
once with one of chloranil (0-215 g., 1-0 mol.) in benzene (20 ml.) at room temperature. A green 
colour appeared, fading almost instantly to yellow. After 30 min. at room temperature, 
solvent was distilled off, leaving a pale yellow-grey solid (0-326 g., 99%), m. p. in two stages, 
109—113° with recrystallisation, and finally 163—175°. This product was probably a loose 
molecular complex of quinoline and the quinol.1_ Extraction with 4n-hydrochloric acid left 
an insoluble pale brown powder which was purified by sodium hydroxide extraction, filtration, 
and reprecipitation with acid to give tetrachloroquinol (0-201 g., 93%), m. p. and mixed m. p. 
227—232° (sealed capillary) (pure m. p. 234—236°). The aqueous sodium hydrogen car- 
bonate solution was then acidified and continuous ether-extraction yielded an off-white solid 
(0-102 g., theor. 0-101 g.), m. p. in two stages, 127—-139° and 240—275° (decomp.). Titration 
of an aliquot part with 0-1N-potassium permanganate ' showed that the acid was at least 97% 
unsaturated, confirming it as a maleic-fumaric acid mixture. 

Thermal Decomposition of Compound (V).—This compound (0-200 g.) was contained in an 
ampoule with pure toluene (5 ml.). The mixture was frozen in liquid nitrogen, then the 
ampoule was evacuated to 0-08 mm. and sealed. At about 50° the mixture became a bright 
yellow homogeneous solution and was then suspended in a thermostat at 100° for 32 hr. The 
solution became very pale yellow, and on being cooled to 0° for 1 hr. deposited long colourless 
needles of succinic anhydride (0-034 g., 39%), m. p. and mixed m. p. 116—119° (pure m. p. 
118—119-5°). Evaporation of the filtrate at reduced pressure left a sticky solid (0-163 g.) to 
which 2N-sodium hydroxide (5 ml.) was added. Extraction with ether yielded a colourless oil 
(0-098 g., 94%), which was characterised as quinoline by formation of the picrate (0-248 g., 93%), 
m. p. and mixed m. p. 202—205° (sealed capillary). The isolated succinic anhydride was 
dissolved in the sodium hydroxide solution which was acidified; continuous ether-extraction 
yielded the total acidic component as an off-white solid (0-092 g., 89%), m. p. 181—186°. 
Crystallisation from ethanol—benzene afforded succinic acid (0-058 g.), m. p. and mixed m. p. 
186—188°. 


DEPARTMENT OF CHEMISTRY, 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SouTH KENSINGTON, LonpDon, S.W.7. [Received, January 11th, 1960.) 


Braude, Hannah, and Linstead: 


654. Hydrogen Transfer. Part XVIII. Homogeneous 
Hydrogen Transfer Between Nitrogenous Heterocycles. 


By (the late) E. A. Braupge, J. HANNAH, and Str REGINALD LINSTEAD. 


Hydrogen transfer from dihydrides of nitrogenous heterocycles to 
higher aromatic members of the homologous nitrogenous heterocyclic 
series has been detected, thus allowing a partial scale of covalent hydrogen 
affinity to be established, in many ways analogous to the ionic redox scale. 


THE sequence dihydropyridine, dihydroquinoline, dihydroacridine, shows decreasing 
hydrogen-donor potential in homogeneous solution in purely organic systems. The 
‘‘ Hantzsch ester,”’ a dihydropyridine, is capable of reducing both quinoline and acridine, 
and 1,2-dihydroquinoline can reduce acridine but not the dehydrogenated ‘‘ Hantzsch 
ester.’ In such transfers between heterocycles the réle of hydrogen donor is probably 
determined by the net gain in resonance energy involved in the transfer. 

In any hydrogen-donor series derived from one nitrogen heterocycle, variation in the 
free-energy change of the dehydrogenation will depend upon the substituents in the 
molecule, and it may be predicted that pairs of energetically similar compounds will be 
found for which the hydrogen transfer will proceed to an equilibrium value. 

Oxidn. of Redn. of 
Acceptoi Temp. Time donor(%) acceptor (%) 
Donor: diethyl 1,4-dihydro-2,6-dimethylpyridine-3,5-dicarboxylate. 
1 Quinoline * 2 hr. 95 >36 Tetrahydro 
2 Isoquinoline t o 24 hr. 66 <17 Tetrahydro 
3 1,2-Dihydroquinoline e 1 Zhr. 93 >28 Tetrahydro 
4 Acridine 20—78 3 hr. 100 >62 Probably 
: quantitative 
Phenanthridine 24 hr. 75 >27 
* 1 mol. of donor used. {+ 2 mol. of donor used. 
Donor: 1,2-dihydroquinoline. 
Acridine 4 min. ? >80 Probably 
quantitative 
Diethyl 2,6-dimethylpyridine-3,5-dicarboxylate ji 4 days 0 
Donor: 9,10-dikydroacridine. 
Diethyl 2,6-dimethylpyridine-3,5-dicarboxylate 80 20 hr. ? 0 


Both quinoline and 1,2-dihydroquinoline are reduced to 1,2,3,4-tetrahydroquinoline 
by the Hantzsch ester. The reduction of 1,2-dihydroquinoline would formally suggest 
that it is the first example of a simple unactivated olefin to be reduced under such conditions 
(cf. Part XVII"). However, at the high reaction temperature, it is possible that the 
unfavoured rearrangement to the isomeric 1,4-dihydroquinoline may be emphasised by 
rapid reduction of this form to the tetrahydro-level. One other possibility of thermal 
disproportionation was discounted in Part XVI,! and the remaining alternative appears 
to be thermal dehydrogenation of 1,2-dihydroquinoline to quinoline followed by homo- 
geneous reduction to the tetrahydro-compound, either directly or in two stages, via the 
1,4-dihydro-intermediate. 

In Part XVI, it was necessary to postulate some 1,4-addition of hydrogen in the 
reduction of quinoline by lithium aluminium hydride to account for the presence of at 
least 3° of 1,2,3,4-tetrahydroquinoline in the product: in contrast, at least 16% of 
1,2,3,4-tetrahydroisoquinoline was formed in the analogous reduction of isoquinoline. 
Quinoline and isoquinoline have now been found to be reduced to the tetrahydro-level 
by the Hantzsch ester, and quinoline is by far the more active acceptor. (In neither case 
was any dihydro-intermediate isolated.) Such a reversal of ease of reduction has been 


1 Parts XVI and XVII, preceding papers. 
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reported in Part XVII? for unsaturated imides and anhydrides when homogeneous 
hydrogen transfer is compared with catalytic hydrogenation; it occurs also with simple 
olefins and acetylenes when homogeneous transfer is compared with catalysed transfer 
from cyclohexene. 


EXPERIMENTAL 


General procedures are given in Part XVII.4 Microanalyses were carried out in the micro- 
analytical laboratory (Miss J. Cuckney) of this Department. 

1. Hantzsch Ester—Quinoline.—Donor, 18-60 g., 1-0 mol.; acceptor, 10-00 g., 1-0 mol.; 
phenetole, 40 ml.; 172°; 2 hr. No unchanged donor crystallised from the cold reaction 
mixture. Acetic anhydride (12-8 ml., 1-2 mol.) was added and the solution was boiled (156°) 
under reflux for 15 min. Two drops of concentrated sulphuric acid were added to the hot 
solution which was then allowed to cool. After dilution with light petroleum, basic material 
was removed by extraction with dilute acid. The neutral acetylated amine, isolated by 
fractional distillation (twice) (2-41 g., 36% based on 1 mol. of donor), had b. p. 97°/0-1 mm., 
n,* 1-5742 (Found: C, 74-9; H, 7-4; N, 8-0. Calc. for C,,H,,;NO: C, 75-4; H, 7-5; N, 8-0. 
Calc. for C,,H,,NO: C, 76-3; H, 6-4; N, 8-1%) (l-acetyl-1,2,3,4-tetrahydroquinoline, a, 
15740; 1-acetyl-1,2-dihydroquinoline, n,,** 1-6028). 

2. Hantzsch Ester—Isoquinoline.—Donor, 1-960 g., 2-0 mol.; acceptor, 0-500 g., 1-0 mol.; 
phenetole, 8 ml.; 172°; 24 hr. Unchanged donor (0-659 g., 34%) crystallised from the cold 
solution, the separation being completed by addition of light petroleum (50 ml.). Basic 
material was extracted from the phenetole—petroleum filtrate with dilute hydrochloric acid and 
was recovered as a yellow oil (1-703 g.), which was dissolved in pyridine (5 ml.), treated with 
benzenesulphonyl] chloride (0-68 ml., 1-2 mol.) at 100° for 10 min., then cooled; the neutral 
product was isolated as a sticky off-white solid (0-118 g., 17%). Repeated crystallisation 
from ethanol afforded 1-benzenesulphonyl-1,2,3,4-tetrahydroisoquinoline (0-041 g.), m. p. and 
mixed m. p. 152-5—154°. 

3. Hantzsch Ester—1,2-Dihydroquinoline.—Donor, 1-930 g., 1-0 mol.; acceptor, 1-000 g., 1-0 
mol.; phenetole, 10 ml.; 172°; 2 hr. The mixture was worked up as in reaction no. 2 to give 
unchanged donor (0-134 g., 7%), and the mixed basic components as a viscous yellow oil 
(2-68 g.). The latter was heated in pyridine (5 ml.) with acetyl chloride (0-68 ml., 1-25 mol.) 
at 100° for 5 min., then cooled, and the neutral product isolated as a yellow oil (0-780 g., 58%), 
n,* 15479. Fractional distillation gave a colourless oil (0-370 g., 28%), b. p. 103°/0-13 mm., 
n,* 1-5740 (Found: C, 75-2; H, 7-6; N, 81%). The poor recovery in the distillation was 
due largely to the mechanical hold-up of the apparatus. 

4. Hantzsch Ester—Acridine.—Donor, 0-707 g., 1:0 mol.; acceptor, 0-500 g., 1-0 mol.; 
ethanol, 12 ml. The mixture was homogeneous when hot and was boiled for 1 min., then 
allowed to cool in a sealed vessel. The cold solution deposited a large quantity of unchanged 
donor. In 2 hr. at room temperature there was no change in appearance. The solid was 
therefore redissolved by heating the mixture to the b. p. again for 1 min. On this occasion 
the deep yellow solution remained homogeneous on being cooled to room temperature. In 
~l1 hr., crystals separated and filtration afforded 9,10-dihydroacridine (0-312 g., 62%), m. p. 
and mixed m. p. 171—172°. The filtrate was not further worked up, but its complete lack of 
colour suggests that the transfer was quantitative. 

5. Hantzsch Ester—-Phenanthridine.—Donor, 0-707 g., 1-0 mol.; acceptor, 0-500 g., 1-0 mol.; 
phenetole, 8 ml.; 172°; 24 hr. The mixture was worked up as in reaction no. 2 to give un- 
changed donor (0-179 g., 25%), and the mixed basic components as a yellow oil (1-010 g.). As 
before, the latter fraction was dissolved in pyridine and treated with benzenesulphony] chloride. 
Crystallisation of the neutral product from ethanol gave 1-benzenesulphonyl-1,2-dihydro- 
phenanthridine (0-239 g., 27%), m. p. 113-5—115°. Repeated crystallisation from ethanol 
raised the m. p. to 114-5—115° (Found: C, 71-0; H, 5-0; N, 4-4. C,,H,,NO,S requires C, 71-0; 
N, 4:7; N, 44%). 

6. 1,2-Dihydroquinoline—A cridine.—A colourless solution of 1,2-dihydroquinoline (0-366 g., 
1-0 mol.) in the minimum volume of cold ethanol (3-5 + 1-0 ml.) was quickly added to a pale 
yellow solution of acridine (0-500 g., 1-0 mol.) in cold ethanol (4-5 ml.). The mixture was at 
once sealed under nitrogen. An intense orange colour was immediately produced in the clear 
solution. The colour quickly faded and, ~80 seconds after mixing, crystals began to separate 
from the colourless solution. After about 4 min. no further change could be observed. The 
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mixture was chilled to 0° and filtered, yielding 9,10-dihydroacridine (0-325 g.), m. p. and mixed 
m. p. 170—171-5°. Concentration of the filtrate afforded a second crop (0-081 g.), m. p. 
166—172°. 

7. 1,2-Dihydroquinoline—Diethyl 2,6-Dimethylpyridine - 3,5 -dicarboxylate.—1 ,2-Dihydroquin- 
oline (0-261 g., 1-0 mol.) and the ester (0-500 g., 1-0 mol.) were dissolved in benzene (6 m1)., 
diluted with light petroleum (6 ml.), sealed under nitrogen, and set aside at room temperature 
for 4 days. The solution remained clear and colourless, showing no sign of the bright yellow, 
insoluble Hantzsch ester. 

8. 9,10-Dihydroacridine—Diethyl 2,6-Dimethylpyridime-3,5-dicarboxylate-——A solution of 
9,10-dihydroacridine (0-195 g., 1-0 mol.) and the pyridine ester (0-271 g., 1-0 mol.) in light 
petroleum (b. p. 60—80°) (20 ml.) was boiled under nitrogen for 20 hr. As in reaction no. 7 the 
solution remained clear and completely colourless. 


DEPARTMENT OF CHEMISTRY, 
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655. 3-Diazopyrroles. 
By J. M. TEDDER and B. WEBSTER. 


Three different methods have been used to synthesise 3-diazopyrroles: 
(a) normal diazotisation of the 3-aminopyrrole,! (b) direct introduction of 
the diazo-group with nitrous acid,? and (c) a two-stage process analogous to 
(b) in which the intermediate nitroso-pyrrole is isolated and then treated 
with nitric oxide. The last two reactions were only successful with pyrroles 
in which the «-positions were blocked and attempts to make 2-diazopyrroles 
have so far failed. The diazopyrroles are converted into diazonium salts by 
mineral acids, but these fail to couple even with resorcinol in acidic media. 
However, azo-dyes can be prepared either by adding the diazopyrrole to 
fused B-naphthol or by refluxing a neutral solution of 6-naphthol with the 
diazo-compound. 


In 1953 Doering and De Puy reported the synthesis of diazocyclopentadiene.* However, 
two heterocyclic analogues of this compound, 3-diazo-2,5-diphenylpyrrole (I; R! = R?= 
Ph, R? = H) and 3-diazo-2,4,5-triphenylpyrrole (I; R! = R? = R* = Ph) were known 
nearly sixty years before. Angelico originally prepared 3-diazo-2,4,5-triphenylpyrrole 


N N 
4 
+7 +n7 


R2 { R2 \ 
R? / y R' <> R3 © R! 
- (I) , 


by treating 3-amino-2,4,5-triphenylpyrrole with nitrous acid. We have repeated 
Angelico’s preparation and have also obtained this compound directly from the parent 
pyrrole by treatment with excess of buffered nitrous acid in conditions originally developed 
for the preparation of diazonium salts from phenols.2, When this method was employed 
with 2,5-diphenylpyrrole two diazo-compounds were formed. The major product proved 
to be 3-diazo-4-nitro-2,5-diphenylpyrrole (I; R! = R* = Ph, R? = NO,), together with 
a small amount of the expected 3-diazo-2,5-diphenylpyrrole. The direct diazotization 
procedure is invariably accompanied by the formation of nitrate, so that the concurrent 
nitration observed in this case is readily explained.4 3-Diazo-2,5-diphenylpyrrole was 

1 Angelico, Atti R. Accad. Lincei, 1905, 14, II, 167. 

* Tedder and Theaker, J., 1958, 2573. 


* Doering and De Puy, J. Amer. Chem. Soc., 1953, 75, 5955. 
* Tedder and Theaker, Tetrahedron, 1959, 5, 288. 
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also prepared by a two-stage method in which the pyrrole was first nitrosated by pentyl 
nitrite and sodium methoxide and the nitroso-compound was then converted into the 
diazo-compound with nitric oxide. 3-Diazo-5-methyl-2-phenylpyrrole (I; R! = Ph, 
R? = H, R® = Me) was prepared by the direct method but better yields were obtained by 
using the two-stage procedure and purifying the nitroso-compound before treating it with 
nitric oxide. Although 2,5-dimethyl-3-nitrosopyrrole was synthesised we have been 
unable to isolate 3-diazo-2,5-dimethylpyrrole by this method, by the direct method, or by 
an adaptation of Doering and De Puy’s method (i.e., reaction of toluene-p-sulphonyl azide 
with the lithium derivative of the pyrrole *). There was evidence that the last method 
did yield some diazopyrrole but it could not be isolated. Attempts to prepare diazo- 
compounds from 2,4-diphenylpyrrole or from pyrrole itself have so far been unsuccessful. 
5-Nitroso-2,4-diphenylpyrrole > was readily prepared either with nitrous acid or with 
sodium methoxide and pentyl nitrite, but subsequent treatment with nitric oxide did not 
convert it into the diazo-compound. Lithium 2,4-diphenylpyrrole reacted sluggishly 
with toluene-p-sulphonyl azide, to yield a blue dye of unknown constitution, with much 
unchanged starting material. Lithium pyrrole reacted readily with toluene-p-sulphonyl 
azide but only dark decomposition products could be isolated. N-Benzylpyrrole was 
treated with nitrous acid, but neither diazo-compound nor diazonium salt was formed 
and the reaction apparently has caused ring opening. 

As stated by Angelico, 3-diazo-2,4,5-triphenylpyrrole is very stable. The other 
diazopyrroles, although less stable than the triphenyl derivative, can be handled without 
special precautions. However, all these compounds are decomposed slowly by light. 
The diazopyrroles were soluble in moderately strong mineral acid (~5N), and the resultant 
diazonium salts can be isolated and are fairly stable (cf. Angelico'). These diazonium 
salts failed to couple even with resorcinol in acidic media, while in neutral or alkaline 
solution the diazopyrroles are precipitated. Although coupling with phenols under 
normal conditions seems impossible, it has been found possible to prepare the azo-dyes by 
adding the diazopyrroles to fused @-naphthol or by refluxing the diazopyrrole with 
8-naphthol in a neutral organic solvent. Presumably the mixture ionises to a small extent 
into the pyrrolediazonium and $-naphthoxide ions which then couple rapidly. 


-N N 
+7 +n? 
Ph Ph Ph N:?N-CioH,-OH 
phl Ph + CioHOH —= Phd Von + CioH,o-—= phd Von 
ea 
N N N 
H H 


The properties of the diazopyrroles described so far form a very consistent picture. 
However, there is a report by H. Fischer that ethyl 4-amino-3,5-dimethylpyrroie-2-carb- 
oxylate can be diazotized and that the resultant diazonium salt couples with 6-naphthol.® 
This appeared so contrary to our experience that we repeated Fischer’s work. Instead 
of the three-stage process via the amino-compound we introduced the diazonium group 
directly into ethyl 3,5-dimethylpyrrole-2-carboxylate and on treatment with alkali obtained 
the expected 4-diazo-ester (I; R!= R*= Me, R*=CO,Et). The diazonium salt, 
re-formed in acid solution, failed to couple with alkaline 6-naphthol, the diazo-compound 
being precipitated. However, Fischer observed coupling, not in ordinary alkaline 
8-naphthol solution, but in sodium hydrogen carbonate solution; we found that under 
these conditions the brown diazo-compound was again precipitated, but that traces of true 
azo-dye were also formed. The dye was obtained in good yield by refluxing a chloroform 
solution of the diazo-compound and §-naphthol, and proved identical with that reported 
by Fischer. 


5 Rogers, J., 1945, 590. 
® Fischer and Stern, Annalen, 1926, 446, 240; Fischer and Zeile, Annalen, 1930, 483, 257. 
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All the diazopyrroles had a strong sharp infrared band at 2080—2150 cm.1. T 
are all yellow or yellow-brown and crystalline and absorb between 320 and 400 muy in the 
visible and ultraviolet region. 





EXPERIMENTAL 


2,3,5-Triphenylpyrrole—Phenacyldeoxybenzoin 7 was refluxed with ammonium acetate and 
acetic acid; the pyrrole, m. p. 142°, separated on cooling.® 

3-Nitroso-2,4,5-triphenylpyrrole.—Triphenylpyrrole (5 g.) was dissolved in an_ ice-cold 
solution of sodium ethoxide [sodium (0-4 g.) dissolved in ethanol (100 c.c.)], and pentyl nitrite 
(2 g.) was added. After 2 days the dark brown solution was poured into water (500 c.c.), and 
the unchanged pyrrole removed. The filtrate was acidified with carbon dioxide, the nitroso- 
compound separating as an orange-brown precipitate. It recrystallised from alcohol as dark 
brown needles (2-2 g.),'m. p. 195—196° * (Found: C, 81-3; H, 5-5; N, 8-1. Calc. for C..H,,N,0: 
C, 81-5; H, 4:9; N, 86%). 

3-Nitro-2,4,5-triphenylpyrrole.°—A solution of triphenylpyrrole (2 g.) in ether (15 c.c.) was 
added to a solution of pentyl nitrite (7 g.) in ether (10 c.c.). The combined solution was left 
for 24 hr., then the ether was evaporated and the crude nitro-compound filtered from excess of 
pentyl nitrite and alcohol. The crude nitrotriphenylpyrrole recrystallised from aqueous 
alcohol as yellow needles (1-4 g.), m. p. 188—190° (Found: N, 7-8. Calc. for C,,H,,N,0,: 
N, 82%). 

3-A mino-2,4,5-triphenylpyrrole.—3-Nitro-2,4,5-triphenylpyrrole (1 g.) was dissolved in 1:1 
ethanol-acetic acid. Zinc dust (2-3 g.) was added and the reaction took place very rapidly. 
Zinc acetate and unchanged zinc were removed and the filtrate was made alkaline, the amine 
being precipitated. A similar reaction was carried out with 3-nitroso-2,4,5-triphenylpyrrole. 
The crude amine recrystallised from benzene and light petroleum (b. p. 40—60°) as off-white 
needles (1-4 g.), m. p. 182—183°.1 

3-Diazo-2,4,5-triphenylpyrrole——(a) From aminotriphenylpyrrole by diazotisation.: The 
amine (1 g.) was dissolved in glacial acetic acid (20 c.c.). Sodium nitrite (0-28 g.), dissolved in 
the minimum volume of water, was added and the solution became orange-brown and warm. 
On neutralisation with saturated sodium hydrogen carbonate solution the diazo-compound was 
precipitated. It was filtered off, dried, and recrystallised from benzene-light petroleum 
(b. p. 40—60°) to yield red-brown needles, m. p. 157—158° (decomp.). 

(b) From triphenylpyrrole by direct introduction of the diazo-group.* Triphenylpyrrole 
(2-95 g.) was dissolved in a solution of sodium nitrite (15 g.) in acetone (150 c.c.) and water 
(75 c.c.). 2N-Hydrochloric acid (50 c.c.) was added gradually. The solution was left for 
18 hr., then water (1-8 1.) was added and the solution made alkaline. A flocculent orange- 
brown precipitate of the diazo-compound contaminated with starting material was formed 
and was collected. The diazo-compound was purified by extracting its solution in ether with 
6Nn-hydrochloric acid. Final traces of ether were removed from the acid extract by suction and 
the solution was filtered before being rendered alkaline. The nearly pure diazo-compound was 
isolated by ether-extraction. The extract was dried (Na,SO,), and the ether evaporated, to 
yield 3-diazo-2,4,5-triphenylpyrrole as red-brown needles, m. p. and mixed m. p. 156—157° 
(Found: C, 82-1; H, 4:7; N, 12-7. Calc. for C,,H,,N,;: C, 82:2; H, 4-7; N, 13°1%), Amex 
405 muy (e 13,000), vnax. (KBr disc) 2088 (diazo) cm.*}. 

2,5-Diphenylpyrrole.—This was synthesised by the following reactions. Maleic anhydride + 
phthaloyl chloride © —» fumaryl chloride *! —» trans-dibenzoylethylene !* —» dibenzoyl- 
ethane.4* The last compound was treated with ammonium acetate in acetic acid to yield 
2,5-diphenylpyrrole, m. p. 142°.14 

Action of Buffered Nitrous Acid on 2,5-Diphenylpyrrole.—2n-Hydrochloric acid (25 c.c.) was 


? Smith, J., 1890, 57, 643. 
® Angelico and Calvello, Gazzetta, 1901, $1, II, 4. 

® Ajello, Gazzetta, 1939, 69, 315. 

10 Kyrides, J. Amer. Chem. Soc., 1937, 59, 207. 

11 Kyrides, Org. Synth., 1940, 20, 51. 

12 Lutz, Org. Synth., 1940, 20, 29. 

18 Conant and Cutler, J. Amer. Chem. Soc., 1922, 44, 265. 
“4 Kapf and Paal, Ber., 1888, 21, 3061. 
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added to a solution of diphenylpyrrole (2-2 g.) and sodium nitrite (10 g.) in acetone (150 c.c.) and 
water (50c.c.). The reactants were kept at 0° for 18 hr., then filtered. The precipitate (0-46 g.) 
consisted of brown crystals, m. p. 139—140°, and gave the reactions of a diazopyrrole, but the 
diazo-peak in its infrared spectrum was split, having maxima at 2095 and 2130 cm.*. More 
crude diazo-compound was obtained from the filtrate by chloroform-extraction. The chloro- 
form solution was re-extracted with 8N-hydrochloric acid (3 x 100 c.c.); neutralisation of the 
combined acid solutions yielded the purified diazo-compound, which was finally isolated by 
ether-extraction. This product (0-40 g.) was very similar to the initial precipitate, having 
m. p. 139—142° and a split infrared diazo-peak. Fractional recrystallisation from ether—light 
petroleum gave 3-diazo-4-nitro-2,5-diphenylpyrrole, m. p. 144-5°, as the principal and less 
soluble component together with 3-diazo-2,5-diphenylpyrrole, m. p. 121—122°. 
3-Diazo-4-nitro-2,5-diphenylpyrrole —2n-Hydrochloric acid (5 c.c.) was added to a solution 
of 2,5-diphenylpyrrole (2-2 g.) and sodium nitrite (10 g.) in acetone (150 c.c.) and water (50 c.c.). 
After 24 hr. at 0° a further 5 c.c. of 2N-hydrochloric acid were added and the reactants left for 
afurther 72 hr. The diazo-compound, isolated as before, proved to consist almost entirely of 
the diazonitropyrrole. Three recrystallisations from ether-light petroleum gave yellow needles 
of pure 3-diazo-4-nitro-2,5-diphenylpyrrole (0-70 g.), m. p. 144-5—145° (decomp.) (Found: 
C, 65-9; H, 3-6; N, 19-6. C,H, >N,O, requires C, 66-2; H, 3-5; N, 193%), Amax, 339 (e 8000) 
and 399 my (ec 10,000) in 95% EtOH, vax (KBr disc) (diazo) 2150 cm.*. 
3-Diazo-2,5-diphenylpyrrole..—This was prepared by passing nitric oxide through a chloro- 
form solution of 3-nitroso-2,5-diphenylpyrrole (prepared from the parent pyrrole with pentyl 
nitrite and sodium ethoxide *). The purified diazo-compound had m. p. 122—123° (lit.,1 122°) 
(Found: C, 78-0; H, 4:5; N, 16-9. Calc. for C,,H,,N;: C, 78-4; H, 46; N, 17-1%), Amex. 
387 mu (ce 5000) in 95% EtOH, vmax (KBr disc) 2095 (diazo) cm.*. 
2-Methyl-5-phenylpyrrole.—1-Phenylpentane-1,4-dione was synthesised by two methods, 
those of Paal*® and March.%* The latter method, involving the condensation of phenacyl 
bromide (40 g.) with acetylacetone (20 g.) and hydrolysis of the resultant triketone, proved far 
the more satisfactory. The diketone was converted into the pyrrole by ammonium acetate in 
refluxing acetic acid as before. 2-Methyl-5-phenylpyrrole recrystallised from aqueous alcohol 
as off-white crystals, m. p. 96—98° (18 g.), which darkened rapidly in the atmosphere. 
2-Methyl-4-nitroso-5-phenylpyrrole.—2-Methyl]-5-phenylpyrrole (6 g.) was dissolved in a 
solution of sodium ethoxide (sodium, 1 g.; ethanol, 25 c.c.), and pentyl nitrite (4-5 g.) was added. 
After 18 hr. the mixture was diluted to 250 c.c. with water and extracted with ether. Final 
traces of ether were removed from the aqueous layer by suction, and the solution was then 
acidified with carbon dioxide. A green precipitate was filtered off. Recrystallised from 
aqueous methanol the nitroso-compound formed olive-green needles, m. p. 160° (decomp.) 
(Found: C, 70-9; H, 5-1; N, 15-2. CygH,)N,O requires C, 71-0; H, 5-4; N, 15:1%). The 
compound is assumed to be 2-methyl-4-nitroso-5-phenylpyrrole because of the ordinary rules 
of orientation. The properties of the diazo-compound prepared from it (see below) support 
the view that the nitroso-group is adjacent to the phenyl, and not to the methyl, group. 
3-Diazo-5-methyl-2-phenylpyrrole.—Nitric oxide was bubbled through a solution of 2-methyl- 
4-nitroso-5-phenylpyrrole (0-5 g.) in ethyl acetate (50 c.c.) which changed from green to brown 
and finally to red. A pale yellow precipitate of the diazonium nitrate was filtered off and then 
dissolved in water. The diazopyrrole was precipitated from the aqueous solution by the 
addition of saturated sodium hydrogen carbonate solution. 3-Diazo-5-methyl-2-phenylpyrrole 
(0-070 g.) was extracted with ether, dried (Na,SO,), and recovered. Recrystallisation from 
benzene-light petroleum (b. p. 40—60°) gave red-brown needles, m. p. 81—82° (decomp.), Amax. 
360 my (e 10,100) in 95% EtOH, vmx, (Nujol mull) 2062 (diazo) cm.“! (Found: C, 72-2; H, 4-9; 
N, 23-2. C,)H,N, requires C, 72-1; H, 4:9; N, 23-0%). 
2,5-Dimethyl-3-nitrosopyrrole.—2,5-Dimethylpyrrole ” (b. p. 75°/20 mm.; 4-8 g.) was 
dissolved in a solution of sodium ethoxide (sodium, 1 g.; ethanol, 25 c.c.), and pentyl nitrite 
(5c.c.) was added. The mixture was left for 48 hr. during which it became deep yellow-brown. 
The sodium salt of 3-hydroxyimino-2,5-dimethylpyrrolenine was precipitated by the addition 
of a large volume of ether. The free nitroso-compound was liberated as a green precipitate 
from an aqueous solution of the sodium salt by carbon dioxide in the presence of a small amount 
% Paal, Ber., 1883, 16, 2867; 1884, 17, 914. 


16 March, Ann. Chim. (France), 1902, 26, 353. 
” Young and Allen, Org. Synth., 1936, 16, 25. 
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of chloroform (without the chloroform the precipitate was often brown). 2,5-Dimethyl-3- 
nitrosopyrrole recrystallised from chloroform as bottle-green needles, m. p. 127° (decomp, 
(Found: C, 58-2; H, 7-0; N, 22-8. C,H,N,O requires C, 58-3; H, 6-5; N, 22-5%). 

Ethyl 3,5-Dimethylpyrrole-2-carboxylate.—Diethyl 3,5-dimethylpyrrole-2,4-dicarboxylate #8 
was hydrolysed to the half-ester 1 and then decarboxylated by heating it just above its m. p, 
The ester, recrystallised from aqueous alcohol, had m. p. 122—123°. 

Ethyl 4-Diazo-3,5-dimethylpyrrole-2-carboxylate.—The preceding ester (1-8 g.) was dissolved 
in a solution of sodium nitrite (10 g.) in acetone (75 c.c.) and water (50 c.c.). 2N-Hydrochloric 
acid (25 c.c.) was added, the solution becoming green. The mixture was left for 48 hr. at 0° 
at the end of which it was a pale yellow and a brown solid had been precipitated. The solid 
was removed and the solution diluted to 500 c.c. with water. Excess of nitrite was decomposed 
by sulphamic acid, and the solution then neutralised with sodium hydrogen carbonate; it 
became intensely yellow. The diazo-compound was isolated by chloroform-extraction. The 
extract was dried (Na,SO,), and the solvent evaporated under reduced pressure. The residue, 
a red oil, crystallised at 0° and recrystallised from ether as bright yellow needles of ethyl 4-diazo- 
3,5-dimethylpyrrole-2-carboxylate (0-55 g.), m. p. 79-5—80° (Found: C, 56-3; H, 5-9; N, 21-4, 
C,H,,N,0, requires C, 56-0; H, 5-7; N, 21-7%), Amax, 333 my (e 3600), vmax. (KBr disc) 2155 
(diazo) cm.7. 

2,4,5-Triphenyl-3-pyrrolylazo-B-naphthol.—B-Naphthol (1 g.) was melted in a test tube and 
then kept at 130° while 3-diazo-2,4,5-triphenylpyrrole (0-25 g.) was added slowly. The mixture 
became dark red and heating was continued for an hour. After cooling, the solid mass was 
dissolved in chloroform and washed with aqueous alkali. Evaporation of the chloroform left 
the crude dye contaminated with some unchanged diazopyrrole. After three recrystallisations 
from benzene-light petroleum (b. p. 90—120°) the pure dye was obtained as red needles, m. p. 
173—174° (Found: C, 82-1; H, 5-5; N, 9-0. C,,H,,N,O requires C, 82-6; H, 5-0; N, 9-0%), 
Amax, 460 my (e¢ 18,000) in 95% EtOH. 

4-Nitro-2,5-diphenyl-3-pyrrolylazo-B-naphthol.—3-Diazo-4-nitro-2,5-diphenylpyrrole (0-2 g.) 
was added to fused 6-naphthol (1 g.) and kept at 130° for an hour. The crude azo-dye was 
isolated as before and chromatographed on activated-alumina. The dye which appeared 
as a black band on the column was developed with benzene and eluted with ether. It then 
crystallised from aqueous methanol as dark purple plates, m. p. 205° (0-06 g.) (Found: C, 71-1; 
H, 4:4; N, 12-2. C,,H,,N,O, requires C, 71-9; H, 4:2; N, 129%), Amax, 485 my (e 17,000) in 
95% EtOH. It gave an intense blue colour in concentrated sulphuric acid. 

5-Ethoxycarbonyl-2,4-dimethyl-3-pyrrolylazo-B-naphthol.—Ethy1 4-diazo-3,5-dimethyl-2-carb- 
oxylate (0-23 g.) was added to a solution of 8-naphthol (1-0 g.) in chloroform (20 c.c.). The 
whole was refluxed, a red colour rapidly developing. The chloroform was removed by distil- 
lation, the crude residue suspended in aqueous alkali, and the dye re-extracted with chloroform. 
Evaporation of the solvent left the dye which was recrystallised from benzene as orange-red 
needles (0-19 g.), m. p. 235° (Found: C, 67-7; H, 5-8; N, 12-7. Calc. for C,gH,ygN,O,: C, 67-7; 
H, 5-6; N, 12:5%), Amax, 452 my (e 20,000) in 95% EtOH. 


The authors thank Dr. E. B. Knott for a gift of 2,4-diphenylpyrrole, and Mr. I. Brazenall 
for experimental assistance. One of them (B. W.) is indebted to the D.S.I.R. for a maintenance 
grant. 


THE UNIVERSITY, SHEFFIELD, 10. [Received, March ist, 1960.] 


18 Fischer, Org. Synth., 1935, 15, 17. 
19 Walach, Ber., 1925, 58, 2820. 
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656. Deoxynucleosides and Related Compounds. Part 1X.1 
A Synthesis of 3'-Deoxyadenosine. 


By Str ALEXANDER Topp and T. L. V. ULBRICHT. 


3’-O-p-Nitrobenzenesulphonyladenosine reacts with sodium iodide in hot 
acetonylacetone to give a 3’-deoxy-3’-iodoadenosine that is converted by 
catalytic hydrogenation into 3’-deoxyadenosine. 2’-O-p-Nitrobenzene- 
sulphonyladenosine does not appear to react with sodium iodide or lithium 
bromine save under conditions such that decomposition supervenes. 


In earlier papers of this series,’? syntheses of 2’-deoxyuridine and of thymidine were 
described in which the appropriate 2’-O-toluene-p-sulphonylribonucleosides were brought 
into reaction with sodium iodide and the resulting 2’-deoxy-2’-iodoribonucleosides 
subsequently reduced to the 2’-deoxyribonucleosides. The success achieved in these 
cases caused us to reconsider some earlier work along similar lines aimed at purine deoxy- 
nucleosides. Several years ago, Dr. A. M. Michelson in this laboratory attempted to 
prepare 2’-deoxyadenosine from 2’-O-methanesulphonyladenosine; treatment with 
lithium bromide under various conditions followed by reduction yielded no results, but 
direct reduction with lithium aluminium hydride or treatment with potassium thiocyanate 
followed by Raney nickel gave, in very small yield, products which could not be identified 
with certainty but seemed to be mixtures of at least two deoxynucleosides. Because of 
the very low yields, no further study of these products was made at that time. Un- 
doubtedly the ease with which 2’-O-toluene-f-sulphonyluridine appears to react with 
sodium iodide is due to intermediate cyclonucleoside formation, but it seemed to us 
possible that, provided a more reactive sulphonyl group were employed, direct replace- 
ment by iodine could be achieved even in adenosine derivatives where there was little 
likelihood of cyclonucleoside formation. 

Preliminary experiments were carried out on 2’-O-toluene-f-sulphonyladenosine (I; 
R=Me). This substance, originally synthesised from 3’,5’-di-O-acetyladenosine,* is 
more readily prepared by direct toluene-p-sulphonylation of 5’-O-acetyladenosine followed 
by deacetylation; the 2’-isomer can be separated readily from other products of the 
reaction by crystallisation. Sodium iodide did not react with 2’-O-toluene-f-sulphony]l- 
adenosine below temperatures (150—170°) at which much decomposition occurred. In the 
search for a derivative more susceptible to nucleophilic displacement, 5’-O-acetyladenosine 
was treated with #-nitrobenzenesulphonyl chloride in pyridine. From the deacetylated 
product two crystalline isomeric O--nitrobenzenesulphonyladenosines, m. p. 174° and 
215° respectively, were isolated. The isomer of m. p. 174°, when heated with sodium 
iodide in acetonylacetone, gave a crystalline iodo-compound converted by catalytic 
hydrogenation into a deoxyadenosine. This synthetic material differed in m. p. from 
natural 2’-deoxyadenosine, but it could not be distinguished from the latter by paper 
chromatography and, like it, gave the cysteine-sulphuric acid reaction characteristic of 
deoxyglycosides.* As it failed to give any colour with the Dische reagent on paper, 
however, it was clearly not a 2’-deoxyglycoside 5 and, on acid hydrolysis, it yielded a sugar 
identified by paper chromatography as 3’-deoxyribose. It follows that the synthetic 
nucleoside is 3’-deoxyadenosine (III; R =H), and the iodo-compound from which it 
was derived is a 3’-deoxy-3’-iodoadenosine (III; R =I), presumably with the xylo- 
configuration. The original sulphonyl derivative of m. p. 174° we therefore formulate 


? Part VIII, Brown, Parihar, and Todd, J., 1958, 4242. 

* Brown, Parihar, Reese, and Todd, Proc. Chem. Soc., 1957, 321; J., 1958, 3035. 
* Brown, Fasman, Magrath, and Todd, J., 1954, 1448. 

* Buchanan, Nature, 1951, 168, 1091. 

* Overend, Shafizadeh, and Stacey, J., 1950, 1027. 
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as 3'-O-p-nitrobenzenesulphonyladenosine (II), and the isomer of m. p. 215° as 2’-04. 
nitrobenzenesulphonyladenosine (I; R = NO,). 

When the 2’-compound (I; R = NO,) was heated for long periods with sodium iodide 
in acetonylacetone (at 125—145°) or with lithium bromide in dimethylformamide (at 
95—135°), some reaction occurred, but it was accompanied by decomposition and no wel]- 
defined product could be isolated, nor could any deoxyglycoside be detected in the mixture 
after hydrogenation. The failure to obtain any 2’-deoxyadenosine in this way we attribute 





O*SO7"C,H4*NO, 


HO 0-SO-C,H,R OH OH 
R 
HO-H,C “o HO-H,C So HO-H,C ~o 
a N c . 4 c . > 
| 
HN (I) HN 


(II) HN (ILL) 
mainly to steric hindrance, since inspection of models suggests that attack by large ions 
will be more hindered at Cy. than C4); presumably decomposition supervenes under the 
conditions necessary to bring about reaction with bromide or iodide ions. 


EXPERIMENTAL 


Paper Chromatography.—Whatman No. 1 paper was used and Ry values quoted are for a 
descending butan-l-ol-acetic acid—water (4: 1:5 v/v) system prepared by taking 50 c.c. of 
each phase equilibrated for 24 hr. together with 100 c.c.of fresh solvent. 

2’-O-Toluene-p-sulphonyladenosine.—Toluene-p-sulphonyl chloride (3-5 g., 1 mol.) was 
added to a solution of 5’-O-acetyladenosine (5 g., 1 mol., dried at 110°) in dry pyridine (150 c.c.) 
at 0° and the mixture set aside at 0° for 48 hr. Water (25 c.c.) and saturated sodium hydrogen 
carbonate solution (200 c.c.) were added and the mixture was extracted with chloroform. The 
extract was thoroughly washed with sodium hydrogen carbonate solution, then with water, 
dried (MgSO,), and evaporated under reduced pressure. The residue was twice evaporated 
with a mixture of chloroform (20 c.c.) and toluene (5 c.c.), and the product finally left at 50°/0-1 
mm. for 1 hr. The brownish resin (4-3 g.) so obtained was dissolved in methanol (80 c.c.), then 
cooled to 0°, and a saturated solution of ammonia in methanol (80 c.c.) was added. The solution 
was kept at 0° for 21 hr. and then evaporated under reduced pressure. Water was added to 
the residue, and the solution extracted with ethyl acetate. The dried extract (MgSO,) was 
evaporated, the brown gum (3-4 g.) obtained dissolved in propan-2-ol, and benzene added 
until crystallisation began. The material which separated was fractionally crystallised from 
the same solvent mixture, giving pure 2’-O-toluene-p-sulphonyladenosine (0-8 g.), m. p. 224° 
undepressed by an authentic sample (m. p. 222—223°). 

2’- and 3’-O-p-Nitrobenzenesulphonyladenosine.—p-Nitrobenzenesulphonyl chloride (1-65 g., 
1-1 mol.) was added to 5’-O-acetyladenosine (2 g., 1 mol.; dried at 110°) in dry pyridine (60 c.c.) 
at 0°, and the mixture left at this temperature for 6 days, then at room temperature for a 
further 2 days. Water (10 c.c.) and saturated sodium hydrogen carbonate solution (50 c.c.) 
were added, the mixture was extracted with chloroform, and the extract was washed, dried, 
and evaporated. The residue was twice re-evaporated with ethanol (50 c.c.) and toluene 
(10 c.c.), then dissolved in methanol (40 c.c.). The solution was cooled to 0°, saturated 
methanolic ammonia (30 c.c.) was added, and the solution left at 0° for 7 hr. The solution 
was evaporated under reduced pressure and the residue extracted with hot benzene, the extract 
being discarded. The residue was fractionally recrystallised from propan-2-ol (in which the 
higher-melting isomer is very sparingly soluble when pure), giving 2’-O-p-nitrobenzenesulphonyl- 
adenosine (0-825 g.) as straw-coloured prisms, m. p. 215° (decomp.), Ry 0-91 (Found: C, 42:8; 
H, 4:0; N, 18-5. C,,H,,0O,N,S requires C, 42-5; H, 3-6; N, 18-6%), and 3’-O-p-mnitrobenzene- 
sulphonyladenosine (0-4 g.) as small, buff needles, m. p. 174° (decomp.), Rp 0-91 (Found: C, 
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42-7; H, 3-9; N, 188%). The infrared spectra (in Nujol) of both compounds showed bands 
at 1368—1372 and 1186—1188 cm. (-O-SO,*), and at 1533—1538 and 1344—1350 cm.7 
NO,). 
\ EEN solution of 3’-O-p-nitrobenzenesulphonyladenosine (214 mg.) 
and anhydrous sodium iodide (145 mg.) in acetonylacetone (4 c.c.) was heated at 115° (bath- 
temp.) for 5 hr. The cooled solution was filtered from sodium p-nitrobenzenesulphonate 
(87 mg., 87%), the latter being washed with a mixture of acetonylacetone and ether. The 
combined filtrate and washings were evaporated, acetonylacetone being removed at 50°/0-5 
mm. The residue was subjected to countercurrent distribution in an automatic machine 
(ethyl acetate-water; 20-5 c.c. phases; 92 transfers). Tubes 34—70 were combined and 
evaporated. The residue was recrystallised from water, giving 3’-deoxy-3’-iodoadenosine 
(31 mg.) as colourless spherical crystalline aggregates, m. p. 186—188° (decomp.), Rp 0-84 
(Found, in material dried at 110°/0-5 mm. for 1 hr.: C, 31-6; H, 36; N, 17-9. 
CyoH,,03N;1,H,O requires C, 31-2; H, 3-4; N, 18-1%). 

3’-Deoxyadenosine.—A solution of the above iodo-compound (74 mg.) and sodium acetate 
(20 mg.) in water (25 c.c.) was shaken with 10% palladised charcoal (15 mg.) in hydrogen at 
room temperature and atmospheric pressure till no more hydrogen was absorbed. Catalyst 
was filtered off, the solution concentrated to small bulk, and ethanol added. The crystalline 
product which separated was recrystallised from propan-2-ol, giving 3’-deoxyadenosine as 
feathery needles, m. p. 212°, Rp 0-71 (Found, in material dried for 1 hr. at 110°/0-5 mm.: C, 
47-8; H, 5-4; N, 27-9. C,9H,,0,;N, requires C, 47-8; H, 5-2; N, 27-9%), Amax, 259 my (e 
15,100), Amin, 227 my (e 2400). 

The synthetic nucleoside (4 mg.) was hydrolysed on the steam-bath for 1 hr. by 0-1N-hydro- 
chloric acid (10 c.c.). The results of paper-chromatographic comparison of the sugar produced 
with other deoxypentoses are tabulated. 


Ry Spray 1 Spray 2 Spray 3 
Hydrolysis product ... 0-50 -— Pink+ Purple-brown+ + + 
3-Deoxyribose ......... 0-50 — Pink+ Purple-brown-+- + + 
3-Deoxyarabinose ...... 0-43 -- Pink+ + Purple-brown-+ + 
2-Deoxyribose ......... 0-41 Purple+ ++ Pink-brown+ + + Brown+ 


Spray reagents: (1) Dische reagent,® (2) cysteine-sulphuric acid,‘ (3) aniline phthalate.’ 
This work was carried out during the tenure of an I.C.I. Fellowship by T. L. V. U. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, March 18th, 1960.] 


* Buchanan, Dekker, and Long, /., 1950, 3162. 
? Partridge, Nature, 1949, 164, 443. 
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657. Vibrational Frequency Correlations in Heterocyclic Molecules, 
Part VI. Spectral Features of a Range of Compounds Possessing a 
Benzene Ring Fused to a Five-membered Ring. 


By D. G. O’SULLIVAN. 


Infrared spectra are recorded for a group of compounds possessing benzene 
rings fused to five-membered rings. Change of simple substituents on a 
constant ring system produces little change in the spectrum. Occasionally, 
bands characteristic of the substituent are introduced and slight changes may 
be produced at low frequencies by the pattern of substitution, but otherwise 
substituents produce only minor frequency shifts. Surprisingly little change 
in the spectral panorama follows replacement of an atom in the five-membered 
ring. More notable alterations are produced by replacements such as NH 
or S for CH,, but these differences arise mainly from H-vibration modes and 
many of the spectral features remain. Bands related to these cyclic systems 
are present near the following frequencies: 1600, 1460, 1390, 1310, 1270, 1250, 
1200, 1160, 1100, 1060, 1020, 950, 890, 850, 800, and 750cm.. In addition, 
compounds possessing a methylene or methyl group show a strong band at 
1470—1420 cm."}, and some compounds with cyclic C=N bonds show bands 
between 1700 and 1620 cm.1. 

Keto-enol and lactam-lactim tautomerism and hydrogen bonding, present 
in some compounds, are discussed. 


INFRARED spectra of compounds of type (I) where R!, R?, and R* are from among CH,, 
NH, O, CO, and SO,, and of type (II) where R! may be CH,, NH, S, O, and Se, or R? and 
R® are from among CH, CMe, N, and C-CO,H, are given in Tables 1 and 2. Spectra have 


u 
2 5 2 
(1) ars R aie (II) 


been determined in carbon tetrachloride when the compound is an oil or a solid of low 
m. p. Most of the higher-melting solids, being less soluble in this solvent, were studied 
in potassium bromide discs and in chloroform. Little of the “ fingerprint region ’’ appears 
in chloroform, and generally, other frequencies are identical with those for disc frequencies, 
so that chloroform frequencies are not included in Tables 1 and 2 but are referred to in 
the text when appropriate. 


RESULTS AND DISCUSSION 

General Features of the Spectra.—Previously recorded spectra »* show that variation of 
substituents in a benzene ring, which forms part of a heterocyclic ring system, produces 
little change in the frequencies. The spectra of ten substituted indoxyl acetates ? differ 
only in minor frequency shifts (corresponding peaks in the different compounds being 
immediately recognisable) and in the introduction of a few special bands characteristic 
of the substituent. These features also appear in the spectra of ten isatin oximes, but 
here minor differences below 1000 cm. could be correlated with the pattern of substitution 
in the benzene ring.* Present results (Tables 1 and 2) agree with these observations. 

Reference to Table 1 shows that replacement of O by S or Se in the five-membered 
ring produces very little change in the spectrum. Greater change results from the 
replacement of CH, by NH or by S, but a large proportion of the spectral features remain. 
Consequently, most of the peaks arise from the vibrational modes of the ring system and 
little can be done to assign individual frequencies to particular vibrational modes. Bands 


1 Part V. O’Sullivan and Sadler, J., 1959, 876. 
* Holt, Kellie, O’Sullivan, and Sadler, J., 1958, 1217. 
% O’Sullivan and Sadler, J. Org. Chem., 1957, 22, 283. 
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are generally present near 1600, 1460, 1390, 1310, 1270, 1250, 1200, 1160, 1100, 1060, 1020, 
950, 890, 850, 800, and 750 cm. and these appear to be characteristic of this type of ring 
system. Below 1000 cm.* the spectra differ more from compound to compound, and some 

many strong peaks that are absent in others. Many of these bands are out-of- 
plane CH bending modes. 


TABLE 1. Frequencies (1725—800 cm.* region) of compounds in carbon tetrachloride. 
(CN) (CC) 


(1) Indoline (I; .R? = NH, R? = R* = CH,) 1611s 
(2) Indane (I; R' = R? = R* = CH,) 1603m 
(3) Indanone (I; R' = CO; R* = R* = CH,) * 1611s 
(4) Indene (II; R! = CH,, R? = R* = CH, R* = R5 = H) 1611s 
(5) Benzothiophen (II; R! = S, R? = R* = CH, R* = R5 = H) 1642w 1572m 
1612w 
(6) Benzoxazole (II; R' = O, R? = CH, R* = N, R* = R§ = H) 1722m 1605m 1521s 
1706m 
(7) 2-Methylbenzoxazole 1620s 1581s 
II; R! = O, R* = CMe, R* = N, R‘ = R$ = H) 
(8) 2-Methylbenzothiazole 1600w 1532s 
(II; R? = S, R* = CMe, R® = N, R* = R§ = H) 
(9) 2-Methylbenzoselenazole 1596s 1540s 
(II; R? = Se, R* = CMe, R® = N, R‘ = R§ = H) 
(10) 5-Methoxy-2-methylbenzoselenazole 1601s 1560s 
(II; Rt = Se, R® = CMe, R* = N, R‘ = MeO, R* = H) 1534s 
Other nuclear stretching vibrations, nuclear deformation and CH deformation modes 
(1) 1493s 1469s 1442m_=1407s 1329s 1318s 1288m_ 1246s 1198w 
(2) 1488s 1462s 1442s 1392w 1320m_ =:11313s 1267m 1223w 
(3) 1468s 1446s 14llm 1344m 1328s 1280s 1246s 1205s 
(4) 1461s 1399s 1363m 1332w 1314m_ = 1289w 1252w 1209m 
1229m 
(5) 1501w 1461s 1428s 1348s 1328m 1318m_ 1261s 1211s 
1386w 
(6) 1480s 1457s 1425w 1358w 1342w 1302s 1284w 1240s 1196w 
1184w 
(7) 1475m 1461s 1444s 1389s 1363w 1343w 1312w 1271s 1248s 1192m 
(8) 1451m 1440s 1378m 1314s 1282m 1248s 1186s 
(9) 1455s =: 1442s 1375m 1304s 1275w 1240s 
(10) 1468s 1440s 1375w ; 1318s 1280s 1250m 1204s 
1230w 
Other nuclear stretching vibrations, nuclear deformation and CH deformation modes 
(1) 1172m 1155m 1095m 1060m_ 1028s 941w 871m 848w 
920w 
(2) 1160w 1130w 1085m 1050m _ 1028s 996w 935m 908w 856w 
(3) 1178s 1152s 1098m_ = 1033s 1016m 980m 950w 878w 828m 
(4) 1169m 1126m 1070m 1034w = 1020s 949s 915s 861s 
926m 
(5) 1162s 1135m = :1094s 1060s 1019s 940s 886s 870s 
1050s 853m 
(6) 1161m 1145m_ 1110s 1070s 1003m 933m 882w 869s 
921s 848w 
(7) 1172s 1150m 1110m _ = 1046w 1005m 928s 886s 861lw 832s 
(8) 1176s 1162s 1131m 1071lm_= 1019m 939w 870m 855w 
995m 
(9) 1165s 1153s 1124s 1047s 1022s 939w 861s 853w 
992m 
(10) 1170s 1160s 1135s - 1059s 1030s 935m 870m 849s 
1000w 


* Carbonyl stretching frequency is given in Table 3. 


In substituted indoxyl acetates, bands are present near 1615, 1475, 1380, 1330, 1220, 
1060, 900, and 800 cm.*! which cgn be identified with bands quoted above. These peaks 
are also present in the spectra of substituted isatins and isatin oximes,’ although strong 
bands produced by the oxime group obscure some features with the latter compounds. 
Consequently, this set of bands can be considered characteristic of a benzene ring fused 
* O'Sullivan and Sadler, J.. 1956, 2202. 
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to a five-membered ring. 


Indoxyl] acetates, in addition, show a band between 1580 and 
1545 cm. which is present in several compounds listed in Tables 1 and 2, and a band near 


1440 cm. which owes its origin to the methyl group. 


Stretching frequencies of C=N bonds occur in the 1660—1620 cm.“ region in some of 


Vibrational Frequency 


TABLE 2. Frequencies (1700—600 cm. region) of compounds in potassium bromide 


(1) ore a ee 


(II; 


= NH, R? = 


(2) & Metkytbcasimnidancte (VI) 


(3) 5-Nitrobenzimidazole 


(II; Ri = 


(4) Indazole (IX) 


(5) 5-Nitroindazole 


(6) 6-Nitroindazole 


(II; R? = NH, R* = N, R*® = CH, R* 


(7) —— t 
I; 


an BIO on 


(8) Diny drobenzodisothiazoe 1,1-dioxide + 
fi 


= SO,, R? = 


(9) Cominarilic acid t¢ 


(II; R! = O, R* = 


(10) Benzoxazolone ft (I; R? = 


(1) 


(2) 
(3) 


(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 


1457s 


1461s 
1465s 


1480w 
1464w 


1480w 
1462w 
1465s 


1467s 


1110m 
1126m 


1092m 
1095m 


1448s 
1451s 


1450m 
1450w 


1425w 
1450m 


1425w 
1452w 
1426w 


1048m 
1032s 
1040w 
1071s 
1080s 
1073s 


1075s 


1060m 


discs. 
CMe, R* = N, R* = R§ = H) 
NH, R* = CH, R* = N, R* = NO,, R® = H) 
(II; R? = NH, R* = N, R* = CH, R‘ = NO,, R5 = H) 
= H, R* = NO,) 
NH, R* = CO) 
=NH, R* = CO) 
C-CO,H, R* = CH, R* = =H) 
NH, R* = CO, R* = ©) 
1422s 1366m 1278s 
1392s 
1424s 1345m 1302s 1287s 
1412s 1378s 1320s 1308s 1268s 
1345s * 
1386m 1360s 1288w 
1400w 1345s* 1308m 1286m 
1425w 1352s* 1320m 1303m 
1392m 
1414m 1365m _ 1332s 
1350m 
1335s { 1300s 1261s 
1433s 1345m 1336m 1303s 1262m 
1402s 1333w 1312s 1260s 
1028s 968w 928w 900m 852m 
1010m 
1005w 958s 932m 884m 858m 
870s 
957s 900s 841m 
830s 
1006m 953s 946s 897m 852s 
872m 
961m 952s 901s 85lw 
840s 
958s 952s 888w 860s 
878s 840s 
1010w 968w 940w 900s 856m 
1018m 978m 902s 
1010w 
1009w 948s 888m 865m 
847w 
1011m 942s 898m 852w 
921m 870w 


* Antisymmetric and symmetric NO, stretching frequencies. 


are given in Table 3. 





1652w 
1622m 
1626w 
1622w 
1621m 


1652w 
1624m 


1223s 


1255s 
1246s 


1253m 
1244m 
1240w 
1235w 


1241s 
1228s 


838m 
812s 
820s 
798s 


826s 
792s 
816w 
794s 
792s 


796m 
818s 


+ Carbonyl stretching frequencies 
¢t Antisymmetric and symmetric SO, stretching frequencies. 


1592m 
1590w 
1592s 


1592m 
1600m 
1590s 
1653m 
1596s 
1614s 


1580s 
1622m 


1200w 


1212w 
1200m 


1208m 
1206m 
1204m 


1183s ¢ 
1196s 


770w 
762w 
762m 


784w 
770s 


774s 
770m 
764s 


1560m 
1512w 
1562w 
1547w 
1560w 
1514s * 
1562w 
1547w 
1539m * 


1562w 
1529s * 


1562w 
1546w 
1568s 

1546m 
1563w 


1168m 


1154m 


1166m 
1166s 
1142s 
1148s 


1152s 


735s 
747w 
745s 
752s 


75ls 
736m 
750m 
734s 
746s 


760s 


754s 
750s 
751s 
741s 


1492m 
1483s 
1490s 
1507s 
1498s 
1503m 
1494s 
1495w 
1482m 
1484s 


1150w 


1127m 
1135w 


1148m 
114lm 
1132w 
1108m 
1123s 

1118m 
1102m 


678m 


668w 
630s 
688w 
615s 
657m 


688m 
668m 
686s 


700s 
680s 
702s 
630m 


720s 
701s 
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the compounds in Tables 1 and 2. Benzoxazole possesses bands of reasonable intensity 
at 1722 and 1706 cm. which, if they are not overtones or combination bands, might be 
C=N frequencies. All the compounds show very weak overtone bands between 2000 and 
1650 cm.2. The maximum occasionally present near 1490 cm. is sometimes an NH 
bending frequency and sometimes a ring vibration. One or more strong bands appear 
in the 1470—1440 cm.* region in compounds possessing methyl and methylene groups. 
These are produced by CH, scissoring vibrations. In some cases the number of frequencies 
equals the number of CH, groups (Table 3). 


TABLE 3. Frequencies between 1600 and 1412 cm., and the number of methylene 


groups per molecule. 
Number of 
CH, groups Frequencies (cm=") 
Indene l 1461 
Indanone 2 1468 1446 
Indoline 2 1493 * 1469 1442 
Indane 3 1488 1462 1442 





* NH deformation mode. 


NH and CO Stretching Frequencies.—Isomeric structures are possible for a number of 
compounds in Table 4. Indanone, possessing a carbonyl frequency at 1721 cm.+ and 
no OH stretching frequency, exists exclusively in the ketonic form (I; R! = CO, R? = 
R’ = CH,) in the solid state. Its carbonyl band in chloroform is broader and occurs at 
17:7 cm.. Association with a solvent molecule could account for this depression. The 
ultraviolet spectrum of the compound shows it to be ketonic in solution.5 


TABLE 4. NH, CH, and CO Stretching frequencies (cm.*). 


v(NH) v(CH) v(CO) 
SINS cerca seed cusnantsedceneenbeuahite 3400m 3018m, 2920s, 2840s 
RP OMNEO irri i in concesnksesssnidecess 2900m 1721s 
Indane-1,3-dione ® ................seeeeees sd 1749m, 1712s 
2,2-Dimethylindane-1,3-dione® ......... 4 1745m, 1708s 
2,2-Dihydroxyindane-1,3-dione ° ...... , 4 1753m, 1722s 
2-Methylbenzimidazole* ............... 3050—2650sb 
5-Methylbenzimidazole* ............... 3000—2500sb 
§-Nitrobenzimidazole* .................. 3050—2780sb 
ER GEA Ee ee ate 3150s 2920s 
NGI ints inn ciccterdnesssgenasts 3090m 2900m 
SMEEEIN octascccrsaccoescehesbedece 3160m 2920m 

ce ¢ e e 

Dihydrobenzo[d]isothazole 1,1-dioxide {775° . 1 SU TOS", 2030s are 


* Frequencies from carbon tetrachloride solutions. * Frequencies from chloroform solutions. 
¢ Frequencies from potassium bromide discs. * Frequency not measured. A broad band contain- 
ing CH stretching frequencies submerged in an NH frequency is indicated by letter b. 


Keto-enol tautomerism can occur with indane-1,3-dione (I; R! = R? = CO, R? = 
CH,). Also, as this compound is a $-diketone, a further complication is possible. Aliphatic 
8-diketones possess a high-intensity broad band between 1640 and 1530 cm.” in addition 
to a single CO stretching vibration. Conjugate chelation, resulting in strong intramole- 
cular hydrogen bonding, is responsible. With indane-1,3-dione such intramolecular 
bonding is not possible, but the spectra of other cyclic 1,3-diones, such as 5,5-dimethylcyclo- 
hexane-1,3-dione, show the presence of resonance-stabilised hydrogen bonding.* As 
indane-1,3-dione does not show an OH stretching frequency but shows sharp carbonyl 
peaks at 1749 and 1712 cm. (Table 4), enolic forms and strong intermolecular association 
can be discounted. Thus the compound exists in the monomeric ketonic form in chloro- 
form. This is confirmed by the presence of two similar carbonyl frequencies in the spectra 

5 Ramart-Lucas, Hoch, and Vial, Bull. Soc. chim. France, 1952, 220; Heddon and Brown, J. Amer. 


Chem. Soc., 1953, 75, 3744; Braude and Sondheimer, J., 1955, 3763. 
* Rasmussen, Tunnicliff, and Brattain, J. Amer. Chem. Soc., 1949, 71, 1068. 
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of 2,2-dimethylindane-1,3-dione (I; R!= R*=CO, R*=CMe,) and ninhydrin {]; 
R! = R3 = CO, R? = COOH) 3) 

Indazol-3-one (I; = R? = NH, R* = CO) is analogous to isatin (I; R! = NH, 
R? = R* = CO) and moe (III). It shows a strong band from 3100 to 2700 cm. anda 


TABLE 5. NH and CO Stretching frequencies (cm.) of isatin, indazolone, and indigos 
in potassium bromide discs. 


Compd. Isatin 4 Indazol-3-one Indigo Thioindigo 
WEIEEED  csckvtvndesenbiaes 3445 3215 3100—2700b 3270 — 
WIN: Vdbbhi cnc ctaconng se 1730 1626 1631 1658 
Substituted indigos ° 
Subst. 5,5’-Dichloro- 6,6’-Dichloro- 4,4’-Di-odo- 7,7’-Dibromo- _1,1-Dimethyl- 
WED siscecsssvecessh is 3220 3260 3400 3370 “= 
EAI) ccvescececsscession 1625 1630 1637 1642 1635 
o- 
x < os 
_+NH 
x 7 N 
(III) (IV) H (Vv) 


very intense broad band at 1626 cm. (Table 5). The latter band is too intense to bea 
C=C stretching frequency and is probably a carbonyl group involved in both conjugation 
and hydrogen bonding. The band between 3100 and 2700 cm.* would then be produced 
by one or more N-H bonds also involved in very strong hydrogen bonding. The com- 
paratively high values for the NH frequencies of isatins (Table 5), which possess 
CO---HN bonds of reasonable strength,* show that much stronger bonding is present in 
indazol-3-one. Carbonyl frequencies of indigo and’ 5,5’- and 6,6’-disubstituted indigos 
are close to 1626 cm.1, the value for indazol-3-one (Table 5). Extensive conjugation 
involving the carbonyl groups and intermolecular CO --- HN linkages are both present in 
these compounds.’ Where large substituents are present in 4,4’- or 7,7’-positions such 
intermolecular hydrogen bonding is not possible and the carbonyl frequencies rise to about 
1640 cm.*. Both the carbonyl frequencies of thioindigo and 1,1’-dimethylindigo (Table 5), 
neither of which can possess hydrogen bonds, and the NH frequencies of indigos conform 
with the above interpretation. The latter frequencies are much higher than the NH 
frequency of indazol-3-one. As no frequency associated with free or feebly hydrogen-bonded 
NH exists, both NH groups must be modified, presumably as a result of conjugation 
in the molecule. This is accounted for if structures (IV) and (V) make important contrib- 
utions to the resonance hybrid. In the solid the molecules are held together by very 
strong hydrogen bonds, probably involving both NH groups. 

In addition to CH stretching frequencies at 3075 and 2930 cm.", the sulphone (I; 
R! = SO,, R*? = NH, R*® = CO) possesses a strong band at 2670 cm. and a carbonyl 
stretching frequency at 1714 cm.!. Broad and very strong antisymmetric and symmetric 
S=O stretching frequencies § are present at 1335 and 1183 cm.", respectively. Thus this 
compound is correctly represented by structure (I; R! = SO,, R? = NH, R? = CO), and 
the band at 2670 cm. cannot be a hydrogen-bonded OH frequency, but must arise from 
stretching vibrations of NH groups involved in unusually strong hydrogen bonding. As 
the carbonyl peak is sharp and above 1700 cm.+, it cannot participate in such strong 
hydrogen bonding which consequently must form intermolecular links between SO, and 
NH groups. 

Benzoxazolone (I; R! = NH, R? = CO, R* = O) possesses a fairly sharp maximum 
at 3225 cm. and strong bands at 1767 and 1726 cm.* in potassium bromide discs. The 


7 Holt and Sadler, Proc. Roy. Soc., 1958, B, 148, 495. 
8’ Baxter, Cymerman-Craig, and Willis, J/., 1955, 669. 
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latter bands must be related to a carbonyl group, and consequently benzoxazole possesses 
alactam structure with the band at 3225 cm.“ arising from NH groups involved in hydrogen 
bonding. Thus, in the solid the anhydrous compound exists as a dimer linked by two 
CO-:+HN bonds and is therefore analogous to oxindole.* Two bands also appear in the 
carbonyl region of the spectra of oxindole (I; R'! = NH, R? = CO, R® = CH,) and some 
substituted oxindoles.® As the relative intensity of these bands is the same whether 
the compounds are in the solid state or in solution they are unlikely to arise from the 
simultaneous presence of carbonyl groups participating in hydrogen bonding and others 
existing in the free state. Monocyclic amides, without extensive conjugation, possess just 
one carbonyl frequency,’ but where conjugation is extensive in one or two rings, more 
than one band frequently appears. However, the position is often confused because 
conjugation involving the carbonyl groups may shift the carbonyl absorption into regions 
where it is difficult to distinguish between C=O, C=N, and C=C stretching frequencies. 

Coumarilic acid (II; R! = O, R® = C-CO,H, R* = CH, R* = R5 = H) exhibits the 
broad associated OH band between 3100 and “2500 cm. in chloroform and in the solid, 
and a carbonyl band at 1714 cm." in chloroform and at 1684 cm. in the solid. Normal 
carboxylic acid dimerisation occurs in the solid and in chloroform, but the carbonyl 
group is less influenced by hydrogen bonding in solution. Bands at 1433, 1241, and 948 
cm. (Table 2) could also be related to the carboxyl group.” 

Tautomerism is most improbable with 2-methylbenzimidazole (II; R! = NH, R? = 
CMe, R? = N, R* = R® = H) which possesses a broad strong band between 3050 and 
2650 cm. (Table 3). Thus, unusually strong intermolecular N-H ---N bonds are present 
giving rise, in the solid, to a resonance-stabilised linear polymer. The broad band at 
3180 cm. in chloroform shows that the hydrogen bonding is much weaker in this solvent. 
With the 5(or 6)-methyl compound, no evidence has strongly favoured one of structures 
(VI) and (VII). The strong broad band between 3000 and 2500 cm.* in the solid (Table 2) 
shows the presence of a hydrogen-bonded NH group, thus eliminating the unlikely structure 


N N ¢ 
M nail \ 
4 . ON / 
N N N 
(V1) (VII) (VIII) (IX) 


(VIII), but no further conclusion is possible from the spectrum. The hydrogen bonding 
is, however, so strong that the hydrogen atoms will be almost equally shared between 
adjacent molecules, which removes the distinction between the two possibilities. The 
position of the NH band in the 5(or 6)-nitro-compound (Table 2) shows that this is similar 
to the methyl derivative. It is not likely that the nitro-group participates in the hydrogen 
bonding, as the antisymmetric and symmetric N=O stretching frequencies occupy their 
normal positions (Table 2). 

Structure (IX) is the most probable of the various possible tautomeric forms of indazole. 
This compound possesses a fairly sharp maximum at 3150 cm.* in the solid, showing the 
presence of a hydrogen-bonded NH group, and a maximum at 3250 with a shoulder at 
3450 cm.*! in chloroform, showing that a proportion of the NH groups are not involved in 
hydrogen bonding in this solvent. Similar tautomeric possibilities exist for the 5- and 
6-nitro-compounds. The solubilities of these compounds were too low for their spectra 
to be determined in solution. Spectra from potassium bromide discs do not even permit 
certain recognition of NH groups, as the frequencies at 3090 and 3160 cm. (Table 4) in 
the two compounds could be CH stretching frequencies. The NO, frequencies (Table 2) 

® Kellie, O’Sullivan, and Sadler, J., 1956, 3809. 

# Edwards and Singh, Canad. J. Chem., 1954, $2, 683. 


1 Short and Thomson, J., 1952, 168; Gibson, Kynaston, and Lindsey, J., 1955, 4340. 
2 Flett, J., 1951, 962. 
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are in their normal positions. The chemistry of these compounds suggests that one 
hydrogen atom is very labile. 


Experimental.—Spectra were determined with a Perkin-Elmer 21 double-beam spectro- 
meter fitted with a rock-salt prism. Potassium bromide discs, chloroform solutions in 1 mm. 
cells, and, where solubility permitted, carbon tetrachloride solutions in 0-37 mm. cells were 
employed. 

The author thanks the Department of Scientific and industrial Research for a special grant 
towards the cost of this research. 
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658. Heats of Formation and Bond Energies. Part I1I.*  Trimethyl- 
phosphine Oxide, N-Ethyltrimethylphosphine Imine, and N-Ethyltri- 
phenylphosphine Imine. 





By Ann P. Ciaypon, P. A. FoweELt, and C. T. Mortimer. 


The heats of hydrolysis of N-ethyltrimethylphosphine imine to trimethy]l- 
phosphine oxide, and of N-ethyltriphenylphosphine imine to triphenyl- 
phosphine oxide have been measured in dilute hydrochloric acid solution. 
A value is also reported for the heat of oxidation by hydrogn peroxide 
(dissolved in methanol) of trimethylphosphine to trimethylphosphine oxide. 

These thermal data have been used to calculate AH;°(Me,PO, c) = 
—115-1 + 2 kcal./mole, AH;°(Me,P=NEt, liq) = —36-6 + 2-5 kcal./mole, 
and AH;,°(Ph,P=NEt, c) = +27-0 + 3-5 kcal/mole. From these heats 
of formation the dissociation energies are..derived: D(Me,P=O) = 
139-3 + 3 kcal./mole, D(Me,P=NEt) ~97 kcal./mole, and D(Ph,P=NEt) 
~125 kcal./mole. Comparison is made between D(Me,P=O) and other 
R,P=O bond dissociation energies, and comment is passed on the variability 
of D(R,P=NEt) with changes in the group R. 


In Parts I and II of this series }? the heats of formation of some organophosphorus com- 
pounds were reported, and it was shown that the heat of dissociation, D(R,P=O), of the 
phosphoryl compound R,PO to the tervalent compound PR, varies with the nature of the 
group R. This dissociation energy increases slightly along the series R = Br, Cl, F, and 
to a greater extent along the series R = F, OR’, NR’, falling to a lower value for R = 
alkyl or phenyl. 

In order to extend this information, dissociation energies D(R,P=NR) were sought, 
corresponding to the gas-phase dissociation R,P=NR —» R,P + NR. Two compounds 
for which a knowledge of the heat of formation would be valuable are N-ethyltrimethyl- 
phosphine imine, and N-ethyltriphenylphosphine imine, since the dissociation energies 
D(Me,P=NEt) and D(Ph,P=NEt), which could be derived from these heats of formation, 
might be compared with the corresponding values of D(Me,P=O) and D(Ph,P=O). A value 
for D(Ph,P=O) is known, and D(Me,P=0) can be obtained from the heat of formation of 
trimethylphosphine oxide. 

These compounds are suitable for thermochemical study since they are hydrolysed 
quickly, in 0-01N-hydrochloric acid at room temperature, according to the reaction 
R,P=NEt + H,O + HCl —» R,PO + EtNH,Cl, and the heats of these reactions have 
been measured. 

Of the heats of formation required to calculate the heats of formation of the phosphine 


* Part II, J., 1960, 1622. 


1 Fowell and Mortimer, /J., 1959, 2913. 
2 Bedford and Mortimer, J., 1960, 1622. 
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imines, all are available from the literature except that of trimethylphosphine oxide. In 
order to obtain this in terms of the known heat of formation of trimethylphospliine, the 
heat of oxidation of trimethylphosphine by hydrogen peroxide was measured. This 
oxidation takes place rapidly, at room temperature in methanol, according to the scheme 
Me,P + H,O, —» Me,PO + H,0. 


EXPERIMENTAL 


Compounds.—Trimethylphosphine was prepared by a modification of Hibbert’s procedure * 
for the triethyl compound, suggested by Long and Sackman,‘ from phosphorus trichloride and 
methylmagnesium iodide, in ether under an atmosphere of nitrogen. It was isolated as the 
crystalline complex [AgI,PMe,],, which was dried over phosphorus pentoxide. Trimethyl- 
phosphine was regenerated by heating the complex im vacuo, and was further purified by 
distillation. 

N-Ethyltrimethylphosphine imine was prepared by a slight modification of the method used 
by Staudinger ® for the preparation of N-ethyltriethylphosphine imine. Ethyl azide, prepared 
according to Dimroth,* was distilled under nitrogen into dried light petroleum and this solution 
was siphoned into one of trimethylphosphine in light petroleum at —10°. On warming to room 
temperature nitrogen was evolved, after which the petroleum was removed by distillation. The 
remaining N-ethyltrimethylphosphine imine was distilled through a 6 in. Fenske column. It 
had b. p. 56°/10 mm. The preparation of this compound has not been recorded previously. 

N-Ethyltriphenylphosphine imine was prepared by the same method but from triphenyl- 
phosphine. It was recrystallised from light petroleum and had m. p. 95°. Staudinger § gives 
90°. Our higher m. p. was due to small amounts of triphenylphosphine oxide, m. p. 140°, which 
is very difficult to remove. Allowance for this impurity was made in the thermochemical 
measurements described below. 

The trimethylphosphine and N-ethyltrimethylphosphine imine were distilled im vacuo into 
thin, weighed glass ampoules. Ampoules of solid N-ethyltriphenylphosphine imine were filled 
in an atmosphere of dry air and then evacuated. Despite this precaution varying amounts of 
hydrolysis occurred before the ampoules were evacuated. 

The depression of freezing point of cyclohexane due to N-ethyltrimethylphosphine imine 
was measured and the molecular weight calculated from it corresponded to a monomeric formula. 
The unsubstituted triphenylphosphine imine,. Ph,P=NH, is also a monomer in solution,’ and it 
was assumed that this is also the case with N-ethyltriphenylphosphine imine. 

The vapour pressure of N-ethyltrimethylphosphine imine was measured and is given by the 
equation log,, p (mm.) = —A/T + B, where A = 3217 and B = 11-05. The derived latent 
heat of vaporisation (liquid to vapour), given by AH,,).= 4-57 x 10% kcal./mole, is 
14-7 + 0-1 kcal./mole. The latent heats of sublimation of trimethylphosphine oxide and 
N-ethyltriphenylphosphine imine were estimated as 12 + 1 and 18 + 2 kcal./mole, respectively. 

Calorimeter.—The heats of reaction were measured in calorimeters which have been described 
previously.**® The hydrolyses were carried out in a cylindrical, silvered Dewar vessel (capacity 
300 ml.) encased in a brass can; for the oxidation a larger spherical, silvered Dewar vessel 
(capacity 1 1.) with a long neck was used. Both vessels were immersed in a thermostat at 
25-000° + 0-005°. Temperature measurements were made from the resistance change of a 
thermistor element. The calorimeter was calibrated electrically by the substitution method. 

The oxidation of trimethylphosphine was carried out by breaking an ampoule of the com- 
pound into a solution of methanol containing 1-0—2-0 ml. of hydrogen peroxide (110-vol.) per 
litre, a slight excess for the quantity of trimethylphosphine. The hydrolyses of the phosphine 
imines were carried out in 0-61N-hydrochloric acid solution. 

Units —Heat quantities are given in units of the thermochemical calorie, 1 cal. = 
4-1840 abs. joule. 


* Hibbert, Ber., 1906, 39, 160. 
Long and Sackman, Trans. Fayaday Soc., 1957, 58, 1606. 

Staudinger and Hauser, Helv. Chim. Acta, 1921, 4, 861. 

Dimroth and Wislicenus, Ber., 1905, 38, 1573. 

Appel and Hauss, Angew. Chem., 1959, 71, 626. 

Pedley, Skinner, and Chernick, Tvans. Faraday Soc., 1957, 58, 1612. 
* Mortimer and Skinner, J., 1952, 4331. 
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Results.—In the table, AH,, AH,, and AH; refer to the heats of the reactions (1), (2), and (3), 
respectively. 


Me,P=NEt (liq) + H,O (liq) + HCl (5000H,O) —» Me,PO (soln) + EtNH,Cl (soln) (1) 
Ph,P=NEt (c) + H,0 (liq) + HCl (5000H,O) —» Ph,PO (c) + EtNH,Cl (soln) (2) 
Me,P (liq) + H,O, (soln) —» Me,PO (soln) + H,O (soln) . (3) 


A volumetric estimation of the amount of hydrochloric acid consumed in reactions (1) and 
(2) showed that for N-ethyltrimethylphosphine imine 98—100% of the calculated quantity was 
used, whilst for N-ethyltriphenylphosphine imine the amount varied from 63 to 83% of the 
calculated quantity. It was assumed that the sample of N-ethyltriphenylphosphine imine was 
contaminated only with triphenylphosphine oxide. This was shown to have no heat effect 
since it is insoluble in the reaction mixture. The AH values are based on the amount of hydro- 
chloric acid used. A volumetric estimation of the unused hydrogen peroxide showed that 
100 + 1% of that required by the weight of trimethylphosphine was consumed. 

Heats of solution were also measured for the following compounds in the mixed solvents in 
which they were formed in the reactions: Me,PO (c) in [HCl, EtNH,Cl], —4-1; Me PO (c) in 
[methanol, H,O,], +1-59; Ph,PO (c) in [HCl, EtNH,CI], in which it appears to be insoluble, 
0-0 kcal./mole. The heat of solution of hydrogen peroxide (110-vol.) in methanol has been 





Heats of hydrolysis and oxidation. 


Me, P=NEt (g.)  ........00ccreececeee 0-2775 0-2072 0-1922 0-1391 0-2190 
BA GI CGD cecncsecescctccccdves 98-1 99-6 98-8 98-9 99-4 
— AH, (kcal./mole)  ............... 51-1 52-8 52-2 50-9 51-7 
Mean AH, = —51-7 + 0-5 kcal./mole 
PR PSNR (6.)  cnccccesesscccsccoses 0-5890 0-7444 © 0-4213 0-4008 0-6747 
SUE UU EIED  Kbsscccdsccccctsccces 81-1 75-7 _. 83-0 73-7 63-3 
— AH, (kcal./mole) ............... 12-3 12-0 11-9 10-8 11-5 
Mean AH, = —11-7 + 0-5 kcal./mole 
BR Withee dere cascedsnesecscsssccnse 0-3391 0-3235 0-6827 
GOP CUED wheiccednciccccccesst 99-0 — 101 
— AH, (keal./mole) ............... 106-9 106-3 107-2 
Mean AH, = — 106-8 + 1-0 kcal./mole. 


found to be barely distinguishable (at the concentrations used in the oxidation study) from 
that of water in methanol,!® so that AH, can be taken as referring to the reaction 


Me,P (liq) -- H,O, (liq) —» Me,PO (soln) + H,0O (liq) 

The following heats of formation are used: AH,°(H,O, liq) = —68-32; AH,°(HCI, 
5000H,O) = —39-97; AH,°(EtNH,Cl, aq) = —77-4;14 AH;,°(Me,P, liq) = —30-1 + 1-1;4 
AH,°(Ph,PO, c) = — 15-6; ? AH,°(H,O,, liq) = —44-87 kcal./mole.™ 

From these values and the heats of reaction we calculate AH;°(Me,PO, c) = —115-1 + 2; 
AH;,°(Me,P=NEt, liq) = —36-6 + 2-5; and AH;,°(Ph,P=NEt, c) = +27-0 + 3-5 kcal./mole, 
and incorporating the latent heats given previously, we find values of —103 + 3, —21-9 + 2-6, 
and +45 + 5 kcal./mole, respectively, for the heats of formation of the gaseous compounds. 


DISCUSSION 


The heat of dissociation of the molecule R,PA (where A = O or NEt) in the gaseous 
phase, R,PA (g) —» R,P (g) + A (g), is given by the thermochemical equation 


D(R3P=A) = AH,°(RgP, g) — AH,°(R,PA, g) + AH,°(A, g) 


1@ Chernick and Skinner, J., 1956, 1401. 

1 National Bureau of Standards, Circular 500, Washington, D.C., 1952. 

12 Giguére, Morisette, Olmos, and Knop, Canad. J. Chem., 1955, 38, 804; Giguére, Liu, Dugdale, and 
Morrison, ibid., 1954, 32, 117. 
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From AH,°(MezP, g) = —23-2;2 AH,°(O, g) = 59-54 kcal./mole,!* and the value for 
AH,°(Me,PO, g) given above, the dissociation energy D(Me,P=O) = 139-3 + 3 kcal./mole 
is obtained. This may be compared with D(Pr,P=O) = 138-3 + 3, and D(Bu,P=O) = 
137-2 + 3 kcal./mole obtained by Chernick and Skinner using the same experimental 
method. The values are the same within the experimental errors. 

Calculation of D(R,P=NEt) requires a value for AH,°(NEt, g). This is not known but 
can be calculated in a way suggested by Gowenlock.“ This is based on a dissociation 
energy of ethyl azide, corresponding to the process EtN, —» EtN + N,, for which the 
value has been given D(EtN-N,) = 39-7 kcal./mole, so that AH,’(EtN, g) might be 
obtained from the relation D(EtN-N,) = AH,°(EtN, g) + 4H;,°(Ng, g) — AH;,°(EtNg, g). 
Unfortunately, the heat of formation of ethyl azide is unknown. However, Gray has 
suggested that for the azides the dissociation energy D(R-N;) is invariant at ~83 kcal./mole 
and is independent of the particular alkyl group R. From the relation 


D(Et-N,) = AH,°(Et, g) + 4H,°(N;, g) — AHP(EtNg, g) 


and taking the values AH,°(Et, g) = 25-5,!” and AH;,°(Ng, g) = 116 kcal./mole,!® we obtain 
AH,°(EtNs, g) = 58-5 kcal./mole, and AH,°(EtN, g) = 98 kcal./mole. 

This value, together with AH,°(Ph,P, g) = +72-4 + 3-0 kcal./mole ? and the heats of 
formation of the gaseous phosphine imines, leads to D(Me,P=NEt) = 96-7, and 
D(Ph,P=NEt) = 125-4 kcal./mole. Although it is difficult to ascribe uncertainties to these 
values, because of the poorly established heat of formation of the radical EtN, the difference 
D(Ph,P=NEt) — D(Me,P=NEt) = 28-7 kcal./mole probably has an uncertainty of 
+8 kcal./mole. By contrast, in the phosphoryl compounds we have D(Me,P=O) = 
139-3 + 3 kcal./mole, some 11 kcal./mole greater than D(Ph,P=O) = 128-4 + 5 kcal./mole.” 

The phosphine imines, R,P=NEt, can be regarded, like the phosphoryl compounds, as 


a tetrahedral structure R,P-NEt, modified by back co-ordination from 2f,. and 2p, 


orbitals of the NEt group to the vacant 3d, orbitals of P, thus giving P-N triple-bond 
character, with the additional possibility of back co-ordination from the R groups, if these 
have donor electrons. 

An explanation of the different trend in D(P=O) and D(P=N) values may be that, 
whereas in the phosphoryl compounds the more electronegative phenyl group (electro- 
negativity 2-4 18) tends to reduce back co-ordination between the phenyl group and the 
phosphorus atom, with no great strengthening of the P=O bond, yet the less electronegative 
methyl group (2-1) allows for a bond strengthening between the methyl group and the 
phosphorus atom, which more than compensates for any loss in the P=O bond strength. 
In the phosphine imines the P=N bond is strengthened by the electronegative phenyl group 
to a greater extent than any loss in the phenyl—phosphorus bond strength. Wider 
variations in D(P=N) than in D(P=O) are perhaps to be expected, with alteration of the R 
groups, especially where atoms other than carbon are bonded to the phosphorus. 


The authors thank Mr. N. L. Paddock, of Albright and Wilson (Mfg.) Ltd., for valuable 
discussion. One of them (A. P. C.) thanks Albright and Wilson (Mfg.) Ltd. for a Research 
Studentship, and another (P. A. F.) thanks the Distillers’ Co. Ltd. for a maintenance grant. 
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3 Cottrell, ‘‘ The Strengths of Chemical Bonds,’ 2nd edn., Butterworths Scientific Publications, 
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16 Gray, Proc. Roy. Soc., 1956, 285, A, 481. 
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659. Molecular-orbital Calculations for a New Class of Aromatic 
Hydrocarbon. 


By R. Pauncz and A. CoHEN. 


Molecular-orbital calculations are reported for a class of aromatic hydro- 
carbons investigated by Clar and his co-workers; the results agree with the 
regularities found by them. The bond lengths of the quasi-single bonds 
connecting the benzenoid rings are predicted to be longer than those of other 
bonds. The maximum free valences are smaller than those of isomeric 
aromatic hydrocarbons, explaining the relative inertness of the compounds. 
Predicted spectral trends agree with experimental findings. 


REcENTLY Clar and his co-workers! investigated a new class of condensed aromatic 
hydrocarbons which have the common property that they are built up from benzenoid 
rings interlinked by quasi-single bonds. They have a low reactivity, do not dissolve in 
cold concentrated sulphuric acid, and show strong phosphorescence of very long life at low 
temperature, and their absorption spectra are shifted towards the violet region as compared 
with the corresponding aromatic hydrocarbons (except for the polyphenyls) possessing 
the same number of benzenoid rings. Clar and his co-workers interpreted the spectra and 
the chemical behaviour by the use of Kekulé structures. 

It seemed of interest to investigate the molecules belonging to this class on the basis of 
the L.C.A.O.-M.O. method. We carried out standard L.C.A.O.—M.O. calculations (neglect- 
ing overlap) for a number of these molecules and for some other polynuclear hydrocarbons 
which were needed for comparison purposes. In the Figures we give the bond orders and 
free valences, and in the Table the energies of the two highest filled orbitals of the molecules. 


BEGNROUED ccccccesscccccscscccccsesee I II Ill IV Vv VI Vil VIII 


k values of the two highest } 0-87939 0-67329 0-61731 0-60523 0-51581 0-61803 0-6375  0-65479 
filled orbitals ............... 0-68404 0-55496 0-50290 0-57740 0-50710 0-46477 0-4114 0-42473 


Orbital energies: E = «a + kB 
Bond Orders.—We have calculated the Coulson bond orders, defined as 
p(rs) = 2 Mitrives phate. ccabeen toa de Barret 


where ; is the number of the electrons and c,; the coefficient of the r-th atomic orbital in 
the #-th molecular orbital; r and s are indices of neighbouring atoms. For a discussion of 
various mobile bond orders and their interrelation we refer to Ham and Ruedenberg? 
We also evaluate the Pauling bond orders * based on a description of the molecules in 
terms of equally weighted Kekulé structures (K.S.) only: 


No. of K.S. having rs as double bond 
Pee = Total no. of KS. Ty, 





The latter were computed by using Ham’s theorem.* By the use of these quantities the 
qualitative arguments of Clar e¢ al. were put on a quantitative basis. 

Inspection of the Coulson bond orders of the relevant molecules shows that we can 
divide the bonds into two groups. The first contains those corresponding to the benzenoid 
units (marked in the Figures by the inscription Bz); the bond orders vary between 0-550 
and 0-700. (The bond order in benzene is 0-667.) The second group contains the bonds 
connecting the benzenoid units; these have smaller bond orders, which correspond to 


1 Clar and Zander, J., 1958, 1861; Clar, Ironside, and Zander, J., 1959, 142. 

* Ham and Ruedenberg, J. Chem. Phys., 1958, 29, 1215. 

% Pauling, ‘‘ The Nature of the Chemical Bond,” Cornell University Press, Ithaca, 1940, p. 142. 
* Ham, J. Chem. Phys., 1958, 29, 1229. 
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Fic. 1. (I) Triphenylene.* (II) 1,2:6,7-Dibenzo- 
pyrene. (III) 1,12:2,3:10,11-Tribenzoperylene. 
(IV) 1,2:3,4:5,6:7,8-Tetrabenzanthracene. (V) 
1,2:3,4:5,6:10,11-Tetrabenzanthanthrene. (V1) 
2,3:4,5:6,7:8,9:10,11:12,1-Hexabenzocoronene. 








* Berthier, Coulson, Greenwood, and Pullman, A., Compt. rend.,, 1948, 226, 1906, 
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longer bond length and weaker bond. In all of the molecules we have a value of about 
0-43 for bonds in the periphery and of about 0-48 for bonds in the inner part of the molecule. 

These results can be compared with those based on the Pauling bond orders usin 
Kekulé structures exclusively. The latter give bond orders between 0-35 and 0-55 for the 
benzenoid rings and 0-1 for the quasi-single bond in the periphery, 0-2 in the inner part, 
This emphasises even more the difference between the bonds occurring in the benzenoid 
units and the quasi-single bonds connecting them. 

Hall,® in computing the bond orders of a number of aromatic molecules, notes that these 
are only first approximations and more reliable results can be obtained by using a self- 
consistent treatment. He performed the calculations for a few molecules and observed the 
tendency for the larger bond orders to be increased and the smaller ones to be decreased, 
If we extrapolate this result to our molecules, it follows that the bond orders of the quasi- 
single bonds will be further decreased and a greater separation would be obtained between 


these and the bonds occurring in the benzenoid rings. Thus the attractive view put 
forward by Clar et al.' that we can regard these molecules as built up from benzene units, 
which are more or less independent, is supported on the basis of the molecular-orbital 
treatment. 

We note, furthermore, the great constancy of the shape of the corresponding benzenoid 
units. We can classify them according to the number of the benzene rings to which they 
are linked. There are enough data available in order to compare the rings A and B in the 
various molecules, which are linked to two and three benzene units, respectively. The 
corresponding bond orders given in Fig. 2 are remarkably constant within a few units in 
the third decimal place throughout the molecules. 

Reactivity.—Clar et al. observe that these molecules are relatively inert and do not 
dissolve even in cold concentrated sulphuric acid. 

We have not evaluated all the quantities necessary for a more or less complete charac- 
terisation of the reactivity of the molecules from the M.O.-theoretical point of view 
(localisation energies, self-polarisabilities, etc.). We give in Fig. 1 only the free valences 
which are obtained from the bond orders by the relation 


F,= Nn— >frs(sneighbourtor). . . . . . (3) 


For N,, we used the same value (1/3) for secondary and tertiary carbon atoms. The free 
valences are characteristic of the reactivity in radical reactions; on the other hand, for the 
alternant aromatic hydrocarbons (all the molecules discussed here belong to this class) a 
close correlation exists between the free valences and the other quantities characterising 
the reactivity. This correlation is not always complete,’ but generally the most reactive 
positions are predicted in the same way when either the free valences or the localisation 
energies are used. 

5 Hall, Trans. Faraday Soc., 1957, 58, 573. 

* Pullman, B., and Pullman, A., Progr. Org. Chem., 1958, 4, 31. 


7 Coulson, Moser, and Barnett, J., 1954, 3108; Fukui, Yonezawa, and Nagata, J. Chem. Phys., 
1957, 26, 831. 
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Let us consider the free valences of the secondary atoms. The corresponding free 
valences of most of the benzenoid polynuclear hydrocarbons cluster into three distinct 


groups : 


(i) 0-400—0-410 (ii) 0-440—0-460 (iii) 0-500 0-540 


For example, the free valences of the anthracene 8, «, and u positions fall into these groups, 
respectively. 

Inspection of the free valences of the molecules belonging to the class under investig- 
ation, shows that (I), (II), (III), and (VI) do not have any from the third group, 7.¢., the 
maximal reactivity is about the same as in the anthracene (or naphthalene) «-position; 
(IV) and (V) do contain two positions with the free valence 0-482 and 0-490, respectively, 
which are close to the third group. But these are also decreased if we compare them with 
the corresponding anthracene value (0-520). Generally we can state that the free valences 
are decreased as compared with those of closely related hydrocarbons. 

The same statement can be made with respect to the sum of the free valences corre- 
sponding to a pair of positions where a condensation can be expected. For example, 


Fic. 3. (VII)§1,12:4,5:10,11-Tribenzoperylene. (VIII) 1,2:3,4:7,8:9,10-Tetrabenzo- 
naphthacene. 


(vit) 


Clar e¢ al.,1 comparing the Diels—Alder activity of (III) with that of the isomeric (VII), 
observe that the first does not react with maleic anhydride whereas the second does. This 
is explained by the fact that in (III) the sum of the corresponding free valences (0-908) is 
decreased as compared with the corresponding quantity in (VII) (0-966). (The positions 
are marked by asterisks in both compounds.) A more careful investigation is needed in 
the case of (IV) where the frée valences are relatively high. Here we computed the para- 
localisation energy relating to the u-positions. The value obtained (—3-658) as compared 
with that of the anthracene (—3-31§) indicates that the rate of the Diels—Alder reaction 
must be slower by a factor of 10-7 (cf. ref. 7) in compound (IV) than in anthracene, thus 
confirming the relative inertness of the molecule. 

Moreover, we note the absence of bonds with very high bond orders (0-720—0-740) 
which indicates a relative inertness towards addition reactions. 

The general decrease of free valences may give an explanation for the fact that these 
molecules do not dissolve in strong acids to form a protonated compound. According to 
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the model described by Gold and Tye ® the proton is localised on the carbon atom which 
is the most reactive. Thus the ease of the formation of the protonated compound, i.e,, 
the solubility of the molecule in acids, is related to the maximum free valence and this is 
generally decreased in this class of compound. 

Further, as we shall see in the next section, the highest filled orbital lies generally lower 
than in other hydrocarbons with the same number of benzene rings. This may be alsoa 
cause of the relative inertness of the molecules belonging to the class, in certain reaction 
mechanisms.® 

Finally, it is interesting to investigate one further compound, (VIII), which strictly 
does not belong to the class but has many properties in common with it: it does not 
dissolve in concentrated sulphuric acid, it has the lowest reactivity of all benzologues of 
tetracene, and it shows a strong phosphorescence at —170° in solid solution.!® 

The molecular diagram shows that the bond orders of the four benzene rings are very 
close to those of the benzenoid rings of the class (type A). Again we see the small bond 
orders (0-420) in the periphery corresponding to the bonds which connect the benzenoid 
rings with each other and with the central part of the molecule. Here are some positions 
with high free valence (0-502) but these are still low compared with the free valences of the 
corresponding positions in naphthacene (0-529). Clar observes that this molecule reacts 
very slowly with boiling maleic anhydride. We computed the fara-localisation energy 
for the most plausible positions (with the free valence 0-502). The value obtained 
(—3-488) is smaller than that in compound (IV) (—3-658) thus explaining why (VIII) is 
more reactive than (IV); on the other hand, it is considerably greater than the corre- 
sponding one for the naphthacene 5,12-positions (—3-258)," 7.e., it corresponds to a slower 
reaction rate by a factor of 10°. 

Spectrum.—tThe simple treatment that we used is less reliable for optical transitions, but 
generally the trends are predicted quite well. 

If we compare the energies of the highest filled orbitals with those of other aromatic 
compounds possessing the same number of rings, we see that the absolute values of these 
are greatest, 7.e., the relevant transitions from the highest filled to the lowest empty 
orbital (pairing theorem) have the shortest wavelength among the transitions of the corre- 
sponding compounds. This is exactly what the comparison of the absorption spectra 
reveals. 

We did not attempt to interpret the strong phosphorescence shown by the compounds 
at low temperature. The peculiar position of aromatic molecules with regard to phos- 
phorescence is more or less understood on the basis of the model calculations relating to 
benzene,” but these are not easy to extend to large aromatic systems. On the other hand, 
more quantitative experimental data are needed (e.g., measurement of life-times) before, 
in our opinion, it is worthwhile to formulate a more sophisticated theoretical treatment. 

Diamagnetic Anisotropy.—Triphenylene (I), which is the simplest compound of the 
group, has the smallest diamagnetic anisotropy }* of any condensed aromatic compound 
with four benzene rings. This is related to the mobility of the x-electrons around the 
whole molecule being decreased on account of the smaller conjugation of the benzene 
units.4 Tentatively, we can extrapolate this result to the other members of the group 
and expect smaller diamagnetic anisotropy as compared with the corresponding isomers. 

Conclusion.—The molecular-orbital treatment supports the explanation of Clar e¢ al., 
that we can regard the benzene units of the molecules belonging to this class of compound 


§ Gold and Tye, J., 1952, 2173, 2181, 2184. 
* Pullman, B., and Effinger, “‘ Calcul de Fonctions d’Onde Moleculaire,’’ Centre National de la 

Recherche Scientifique, Paris, 1958, p. 329. 

10 Clar, Tetrahedron, 1959, 6, 355. 

11 Brown, J., 1950, 691. 

12 Hameka and Oosterhoff, J. Mol. Phys., 1958, 1, 358. 

18 Pauncz and Berencz, Acta Phys. Acad. Sci. Hung., 1952, 2, 183. 

4 McWeeny, Proc. Phys. Soc., 1951, 64, 921. 
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as being more or less independent and that there are quasi-single bonds connecting the 
benzenoid units. The relative inertness of the compounds is explained by the decrease 
of maximum free valence and the absence of bonds with high bond order. The spectral 
behaviour is reflected by the lower positions of the energies of the highest filled orbitals. 
The treatment indicates also that we cannot draw a sharp line between the members of the 
class and some molecules which are closely related to it. 


We are greatly indebted to fil. kand. K. Appel and F. M. J. Nordling, members of 
the Quantum Chemistry Group, University of Uppsala, for performing part of the calculations 
on the Alwac-III computer, and to Professor J. de Heer for criticism and valuable comments. 
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660. The Reactions of Organic Phosphates. Part III.* The 
Hydrolysis of Dimethyl Phosphate. 
By C. A. Bunton, M. M. Muara, K. G. O_pHam, and C. A. VERNON. 


The hydrolysis of dimethyl phosphate has been investigated over a range 
of acidities, pH 5 to solution in 5m-perchloric acid. Two hydrolytic 
mechanisms have been identified, both proceeding largely with carbon— 
oxygen bond fission but-involving respectively the neutral species and the 
conjugate acid. Hydrolysis in strongly alkaline solution also proceeds 
with carbon-oxygen fission. The mechanisms of these reactions are discussed. 


Part I of this series * reported a study of the mechanisms of hydrolysis of monomethyl 
dihydrogen phosphate. This paper is concerned with a similar study of dimethyl hydrogen 
hosphate. 

; tt has been known for some time that dialkyl phosphates are hydrolysed readily only 
in strongly acidic solutions. The only quantitative studies so far reported, however, are 
those of Westheimer and his co-workers.” They investigated the hydrolyses of dibenzyl 
phosphate ? in some detail, and found that in the range of acidity pH 8 to 1-O0m-acid there 
were two hydrolytic reactions, involving, respectively, the neutral and the conjugate 
acid species. The monoanion species, unlike that of phosphate monoesters, was relatively 
unreactive. The hydrolysis of dimethyl phosphate in strongly alkaline solution was also 
investigated.* Under these conditions hydrolysis was found to be of the first order in 
hydroxide ion and exceedingly slow, which is consistent with the generalisation ® that 
alkaline lability in dialkyl hydrogen phosphates occurs only when the molecule contains a 
hydroxyl group in proximity to the phosphoryl function. 


EXPERIMENTAL 


Sodium dimethyl phosphate was prepared by refluxing pure trimethyl phosphate (35 g.), 
obtained by fractionation of a commercial sample, with sodium iodide (40 g.) in acetone 
(200 c.c.). The precipitate was filtered off, washed with dry acetone until free from iodide ions, 
and dried at 160° (Found: C, 16-4; H, 4-0. Calc. for C,H,NaO,P: C, 16-2; H, 41%). The 
free acid was obtained by the use of Amberlite resin I.R-120(H) (Found: equiv., 148-1. Calc. 
for C,H,0,P: equiv., 148). 

Determination of the Dissociation Constant.—The dissociation constant of dimethyl hydrogen 
phosphate was obtained by pH measurements as described in Part I. At 0°, 25°, and 50° the 


* Parts I and II, J., 1958, 3574, 3588. 


1 Plimmer and Brrch, J., 1929, 279, 292. 

* Kumamoto and Westheimer, J. Amer. Chem. Soc., 1955, 77, 2515. 

* Kumamoto, Cox, and Westheimer, J. Amer. Chem. Soc., 1956, 78, 4858. 
* Westheimer, Chem. Soc. Spec. Publ., 1957, No. 8, p. 1. 

* Brown and Todd, J., 1952, 52. 
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values obtained were 0-62, 0-76, 1-00. Graphical extrapolation to 100° gave the value 1-69, 
The value at 25° was also determined conductometrically: 





Concn. (10~* mole/1.) 337-5 168-7 84-4 42-2 33-7 21-1 13-5 6-7 3-4 
Equiv. cond. (ohm) 323-6 343-3 354-9 362-0 358-4 365-3 367-8 374-5 374-8 


from which the equivalent conductance at infinite dilution is obtained as 379-9. Application 
of the Onsager equation led to pK = 0-50. 
The agreement between these two methods is as good as expected. 


TABLE 1. 
ko ko 
Time Spekker (min.-! Time Spekker (min. 
(min.) reading G af (c’ + ¢)) x 104) (min.) reading G e (c’ + cp) x 104) 
0 0-000 ~— a= a = 2400 0-432 2-81 1-210 1-642 3-12 
600 0-048 1:25 0-539 0-587 3°45 2700 0-518 2-99 1-290 1-808 3-18 
1000 0-105 1:75 0-755 0-860 3-23 3000 0-607 2-95 1-275 1-882 3-05 
1400 0-185 2:19 0-946 1-131 3-19 3300 0-702 1-96 1-277 1-979 3-02 
1800 0-275 2-46 1-063 1-338 3-09 o (Calc.) 3-137 — —- 3-137 _ 
2100 0-348 2:59 41-117 1-465 3-02 


Buffer Solutions.—Buffer solutions for the kinetic experiments were those for which the pH 
values have been given at 20° and 150° by Stene.* The values of the pH at intermediate 
temperatures were found by interpolation (see Part I). 

Kinetic Experiments.—Hydrolysis of dimethyl hydrogen phosphate is difficult to investigate 
kinetically since there are no convenient methods of estimation of either the substrate or the 
primary products. However, one of the products, monomethyl phosphate, itself undergoes 
hydrolysis to inorganic phosphate, and this can be estimated as described in Part I: 


ke 
(MeO),PO-OH + H,O ——t MeO-PO(OH), + MeOH 


k,’ 
MeO-PO(OH), + HzO ——t PO(OH)s + MeOH 


Since the first-order coefficients ky and k,’ are of similar size progressive estimation of the 
inorganic phosphate enables k, to be found if k,’ is known. 

If cy is the initial concentration of dimethyl phosphate, and c’ and c, are the concentrations 
of monomethy] phosphate and inorganic phosphate respectively at time #, then 








303 
hy = OO hog Po ___ 
t Co — (c’ + &) 
and since dc,/dt = k,’c’ we have 
& oo ee 2 
t c. — Jip 1 By 
7 hi 


Since only first-order processes are involved and since the intensity of colour developed in the 
phosphate determination obeys Beer’s law, the equation may be written as: 





2-303 D, —D 
hy = —— log —. (1) 
t 
(p. —~D,- FF iw) 


where D,, D,, and D, are the colour intensities at zero time, time ¢, and complete reaction 
respectively. The method requires dD,/dt to be determined graphically: nevertheless, it was 
found that the spread in the values of the rate coefficients in any one run was not larger than is 





® Stene, Rec. Trav. chim., 1930, 49, 1133. 
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usually found with simple first- or second-order processes. fy can also be found from the 
equation : 


C= Tig Molle’ — he) — calle’ exp (—Aet) — hy exp (—Ae]}- - @) 


but the labour involved appears to be greater. 

The following experimental details of a run at 100° with 4-8 x 10%m-dimethyl phosphate 
and 0:50m-perchloric acid are typical. Aliquot parts (6-00 c.c.) were sealed in glass tubes, 
placed in a thermostat until thermal equilibrium was reached, removed at appropriate 
intervals, and cooled. Analysis for inorganic phosphate was carried out as described in Part I. 
The results are shown in Table 1, where 


* es, ‘dt 
G is in Spekker units x min.7? x 104, c’ and (c’ + Cp) are in Spekker units. 

For summarised results see Tables 2 and 3. 

Isotope Experiments.—Experiments with 18O are also more difficult than with monomethyl 
phosphate. It is practicable to examine isotopically only one of the products (i.e., methanol), 
and, unfortunately, this arises partly from the secondary hydrolysis of monomethy] phosphate. 

In strongly acidic solutions an additional complication arises since methanol undergoes 
direct isotopic exchange with the solvent. Under these conditions, therefore, it is desirable 
to work with methanol isolated after ~10% of reaction. Above pH 1 the isotopic exchange 


dD D 1 
G=dD,dt, c’ = —. R ’ (c’ + ¢) = {° rs % + (D, — a. 
0 


TABLE 2. Rates of hydrolysis of dimethyl phosphate at pH 0O—5 (100° unless specified). 


pH 10%, (sec.-) Medium pH 10%, (sec.~) Medium 

0-02 6-62 1-0m-HCIO, 3-33 0-072  0-05m-KHC,H,O,, 

0-32 4-93 0-5mM-HCIO, 0-0147mM-HCl 

0-72 3-93 0-2m-HCIO, 4:17 0-01 0-05m-KHC,H,0O, 

1-02 3-15 0-1m-HC1O, 1-241 0-463 0:0645m-HCl, 0-05m-KCl 

1-24 3-13 0-0645M-HCIl, 0-05m-KCl 1-242 6-12 - a 

2-51 0-532 0:05m-KHC,H,0,, 1-248 15-2 us 
0-0396mM-HCl 


KHC,H,Q, is potassium hydrogen phthalate. 
1,28 At 80°, 106-6°, and 117-6° respectively. 
The Arrhenius parameters for the reaction at_pH 1-24 are 25-5 kcal. mole“ and 1-2 x 101 sec.-1. 


TABLE 3. Rates of hydrolysis of dimethyl phosphate in strongly acidic solutions at 100° 
(concns. refer to room temperature). 


[HCIO,] (Mm)... 1-00 2-00 3-00 3 4-00 2 5-001 2-00 3-001 
fNaClO,) (M) ......... ne pe te. als she 3-00 2-00 
108k, (sec.-2) ......... 6-62 10-8 14-7 23-3 35-6 21-2 25-7 
[HCIO,] (mM) ......... 3-502 4-001 2-00 2 3-00 # 1-00 8 2-00 8 2-50 8 
[NaClO,] (M) ......... 1-50 1-00 2-00 1-00 2-00 1-00 0-50 
10%, (sec.“!)....eeee 28-8 29-3 16-9 19-8 11-2 13-3 14-6 


1,23 Solutions of total ionic strength (yz), 5-00, 4-00, and 3-00 respectively. 


of methanol is too slow to be important, and since, in this range the hydrolysis of monomethyl 
phosphate is faster than that of dimethyl phosphate, a considerable proportion of the isolated 
methanol arises from the secondary hydrolysis of the primary ester. The procedure for 
correcting for this is as follows: 

Let cy, c’, and Cp have the same significance as above. Then, at any time, ¢, the concen- 
trations of methanol produced by hydrolysis of di- and mono-methyl phosphate are, respectively, 
(c’+c,) and c,. The fraction (f) of the total methanol which arises from hydrolysis of mono- 
methyl phosphate is then f = c,/(c’ + 2c,). It can be shown that c’ and ¢, are given, 
respectively, by the expressions: 


c’ = [Coko/(%o — Ro’)] {exp (—kot) — exp (—h’t)} 
& = [¢o/(Ro — Ro’) ]{(Ro’ — Ro) — [ko’ exp (—Aot) — ho exp (—h’t)}} 
and hence, f is given by: 
he [exp (—h’t) — 1] — hg’ [exp (—hgt) — 1) 


I= pdfexp (—he) — 2] — 2ky’ [exp (—Rel) — 1] + hy exp (—heh) 
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Table 4 gives the results obtained in the experiments with water enriched in the isotope 40, 
The techniques involved and the methods of isotopic analysis are described in Part I. N, and 
Ny tefer to the excess abundance of 1%O in the solvent (water) and in the isolated methano] 
respectively. @Q, is the proportion of the hydrolysis of dimethyl phosphate which proceeds 
with carbon-oxygen bond fission. 


TABLE 4. Isotope experiments at 100°. 


Time 10%, 10%,’ f Q 

Medium (hr.) (sec.-) (sec.-) (%) N, Na (%) 
5m-HCIO, ............ 2 35-6 18-5 9 0-58 0- 87 
5M-HCIO, ...........+ 2 35-6 18-5 9 0-60 0-50 84 
oo) eer 500 3-13 3-52 50 0-85 0-37 79 
WES BBB ncocvccecsocess 500 3-13 3-52 50 0-85 0-40 85 
BES BBE cccccscccscccce 500 3-13 3-52 50 0-77 0-31 72 
EE TEE. pepdcsccsccssee 500 3-13 3-52 50 0-77 0-33 76 


The method of calculation of Q, may be illustrated for the first experiment cited in Table 4, 
The ratio N,,/N, has the value 0-864. This is not equal to Q, because 9% of the isolated 
methanol is derived from hydrolysis of monomethyl phosphate. Of this methanol, 73% has 
the same excess abundance of '*O as the solvent (i.e., in 5mM-HCIO, at 100°, monomethy| 
phosphate undergoes hydrolysis with 73% carbon—oxygen bond fission). Hence, the true 
ratio (N,,/N,)p, for the methanol derived from the hydrolysis of dimethyl phosphate is given 
by (0-864 — 0-09 x 0-73)/0-91 = 0-877. This still differs from Q, since some of the isotopic 
enrichment in the methanol arises from the direct oxygen exchange between methanol and 
water. Q, may be calculated from the equation (derived in Part I): 


(2), 0 — 1) |e — A — AB exp (—H) + hy exp (HY 
s/D 
he [exp (PH) — exp (—hel] 





Q = 





where kf is the first-order rate coefficient for the oxygen exchange of methanol, 7-58 x 10* 
sec.1, and R is the fraction of dimethyl phosphate hydrolysed at time ¢ (0-226 under the 
stated conditions). 

Q,, for the first experiment, is found to have the value 87%. It can be seen that both 
corrections, i.e., for the secondary hydrolysis of monomethyl phosphate and for the methanol 
exchange, are small under the relevant conditions. 

At pH 1-24, however, although the second correction is zero, the first correction is large, 
because, under the conditions chosen, 50% of the methanol is derived from methyl phosphate, 
Of this methanol, 8-7% has the same excess abundance of #80 as the solvent (calculated 
from data given in Part I). Calculation as above gives the values of Q, quoted in Table 4. 

Some isotope experiments were also carried out in strongly alkaline conditions. Sodium 
dimethyl phosphate was heated in ca. M-sodium hydroxide in sealed silver tubes for 6 days at 
140°. Methanol was isolated and analysed in the usual way. The values of N,,/N, obtained 
in separate experiments were 0-90, 0-82, and 0-79. 


DISCUSSION 


(a) Hydrolysis of the Neutral Species.—The variation of rate of hydrolysis with pH in 
the region 0—5 is quite different from that observed with monomethyl phosphate. In 
the latter case maximum reactivity occurs where the bulk component is the monoanion 
species. With dimethyl phosphate, on the other hand, reactivity is low at pH’s where 
the monoanion is in high concentration and rises progressively as the monoanion is 
converted into the neutral species. This suggests that, at least, in solutions which are 
not more acidic than pH 0, the only substrate involved in hydrolysis is the neutral species. 
If this is so then the specific rate coefficient is given by ky = kgcp/cx, where kz is the observed 
rate coefficient at any pH and cy/c, is the fraction of the dimethyl phosphate present in 
the neutral form. Table 5 gives the values of ky calculated in this way, the fractions 
Cy/c, having been derived by using the value pK = 1-60. 
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Bearing in mind the uncertainties associated with the values of pH and of pK of 
dimethyl phosphate at 100° it can be said that ky is sensibly constant over the range 
pH 0-72—4:17. The maximum difference between individual values (ca. 20% of the 


TABLE 5. 
pH culCp ky Rg (obs.) hg (calc.) pH Cy/Cp ky hg (obs.) Rg (calc.) 
0-02 0-975 6-79 6-62 4-13 1:24 0-697 4-49 3-13 2-96 
0-32 0-951 5-18 4-93 4-04 2-51 0-109 4-96 0-532 0-462 
0-72 0-883 4-45 3-93 3-74 3-33 =: 0-018 3-93 0-072 0-077 
1-02 0-792 3-98 3-15 3-36 4:17  0-0027 3-73 0-01 0-011 


Rate coefficients are 10® sec.“. 


mean) is, in the circumstances, acceptable, especially since the range of values of the 
fraction cx/c, covered is large (about 350-fold). 

From the mean value of ky (4:2 x 10 sec.) the expected values of ky at each pH 
can be obtained. The agreement between these and the observed values is good except 
below pH 0-72, where an acid-catalysed reaction obviously becomes important. It may 
be concluded, therefore, that in solutions, other than strongly acidic ones, dimethyl 
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phosphate undergoes hydrolysis via the neutral species and that the monoanion is 
unreactive. 

The difference between the reactivities of the monoanions of mono- and di-substituted 
phosphates has been discussed, in structural terms, elsewhere.’ It is of interest, however, 
to estimate the difference. The slope of the line obtained by plotting the logarithm of the 
rate coefficients for dimethyl phosphate against pH over the range pH 2-51—4-17 is almost 
exactly 1-0. Incursion of a reaction involving the monoanion would have decreased this 
slope. At pH 4-17, any monoanion reaction must, therefore, be a small component of 
the observed rate, certainly not amounting to more than 10%. Hence the reactivity 
ratio for the monoanions of methyl and dimethyl phosphate must be at least 1: 104 
and may be much larger. Hydrolysis via the monoanion can be observed, as Kumamoto, 
Cox, and Westheimer found, in strongly alkaline solution. This reaction, however, 
involves hydroxide ions and not water molecules as nucleophiles, and, as shown in the 
present investigation, proceeds largely * with carbon-oxygen bond fission. 

The specific rate coefficients for the hydrolysis of the neutral species may also be 
estimated from the rates of hydrolysis in strongly acidic solutions. Fig. 1 shows plots of 

* The isotope results do not indicate complete carbon—oxygen bond fission. Since, however, the 


hydrolysis of monomethy! phosphate has not been investigated under these conditions, the significance 
of this is doubtful. 


* Vernon, Chem. Soc. Spec. Publ., 1957, No. 8, p. 17. 
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the observed rate coefficients against stoicheiometric perchloric acid concentration at a 
series of constant ionic strengths. Each intercept (at HClO, = 0) gives the rate ¢p. 
efficient (k’x) for the neutral species at a particular ionic strength. As with methyl 
phosphate, the reaction shows a positive salt effect,* and the data can be represented by 
the equation ky’ = ky exp bu, where ky = 4-92 « 10° sec.+ and b = 0-182. 

This value of ky is larger (by about 15%) than that obtained from the result for pH 
0—5. It is difficult to know which value is the more accurate. The higher value will be 
in error if the dependence of rate on acid concentration at fixed ionic strength is not 
exactly linear. On the other hand, the accuracy of the lower value depends on the 
precision with which pK of dimethyl phosphate ¢ and the pH’s of the various solutions 
are known. Considering the complexities of the system, the agreement between the two 
values of ky, obtained in quite different ways, is surprisingly good. 

Experiments at pH 1-24 in water enriched in the isotope !8O show that, under conditions 
where the neutral species is the only effective substrate, reaction proceeds largely with 
carbon—oxygen bond-fission (78%). As with the neutral species of monomethyl phosphate, 
this process is best formulated as bimolecular, since (a) the alternative formulation 
involving a methyl cation is energetically unlikely, and (}) in the presence of chloride 
ions (or other halide nucleophiles) a rapid second-order process proceeding by carbon- 
oxygen fission may be observed.’ 

HH O H H 1@) 
H,0 V0 BOM dc! 4 “0970 
‘Bi i 


“‘ 


OH 


The isotope results also show, however, the presence of a process proceeding with 
phosphorus-oxygen bond fission. This process, which constitutes about 20% of the 
whole reaction, can, in the absence of evidence pointing to the existence of an intermediate, 
be formulated in an analogous way: 


a + 2 
H,0 joe — H,0—F + “OMe 
HO OMe HO OMe 


The corresponding process for monomethyl phosphate has not been detected (see 
Part I). This probably arises, however, for purely experimental reasons, since the 
reaction of the neutral species of monomethyl phosphate is difficult to separate from 
that of the monoanion, and the isotope results are, therefore, correspondingly less easy to 
interpret. With aryl phosphates, on the other hand, reactions involving the neutral 
species and proceeding with phosphorus—oxygen bond fission are readily observed. For 
example, the reaction 


Hs!®8O-+PhO-: PO(OH), ——B H?8O:PO(OH),+ PhOH 


has,’ at 100°, a first-order rate coefficient of 2:7 x 10° sec.1, and is, therefore, some 32 
times faster than the corresponding reaction with dimethyl phosphate [ky(P) is ca. 4:24 x 
0-18 x 10° sec.+ = ca. 0-85 x 10° sec.1]. The greater reactivity of the aryl phosphates 
in this reaction probably arises from the greater stability of the departing anions. 


* The salt effect is considerably smaller than with methyl phosphate (b = 0-182 compared with 
b = 0-423). In trimethyl phosphate the salt effect is further reduced.* The significance of this will be 
discussed in a subsequent paper which will deal primarily with the hydrolysis of trimethyl phosphate. 

t When pK is taken as 1-50 instead of 1-60, the data from the range pH 0—5 yield ky = 4:87 x 10* 
instead of 4-2 x 10-*sec.-'. The validity of the conclusions drawn are obviously not critically dependent 
on the value of pK chosen, but the absolute value of ky is. i 


8 Barnard, Ph.D. Thesis, London, 1956. 
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(b) Hydrolysis of the Conjugate Acid.—The results in Table 3 show that in 1—5m- 
perchloric acid the rate of hydrolysis of dimethyl phosphate increases as the dcidity 
increases. The relation is, at least up to 3m-perchloric acid, approximately linear and it 
js clear that the rate of hydrolysis is not proportional to Hammett’s acidity function, 

However, plots of rate against stoicheiometric acidity for high values of acidity are 
not always particularly informative since increases in rate with increasing acidity may be 
partly, or even wholly, due to ionic strength effects. A more useful procedure is to plot 
rate against acidity at a series of constant ionic strengths. The result of doing this for 
the hydrolysis of dimethyl hydrogen phosphate is shown in Fig. 1. It can be seen that (i) 
at each ionic strength the rate increases linearly with acid concentration and can be 
represented by the equation ky = ky’ + k,’cq+, where ky’ and ky’ are the rate coefficients 
for reaction proceeding via the neutral and the conjugate acid species respectively, and (ii) 
since the intercepts and the slopes of the lines increase as y increases, both reactions 
exhibit a positive salt effect. The dependence of the rate coefficient on yu is satisfactorily 


TABLE 6. 
be 5-00 4-00 3-00 0 (extrap.) 
SA SOD is venssicchiecsanensdeteeienss 12-2 10:1 8-5 4-92 (6 = 0-182) 
pe he ee eee 4:54 3-27 2-43 1-02 (6 = 0-306) 


represented in both cases by the second empirical term of the Debye—Hiickel equation,® 
ie., k’ = k exp bu, where & is the rate coefficient at »p = 0 and b is a constant. The 
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appropriate numerical values are summarised in Table 6. At any ionic strength, the 
total rate of hydrolysis is given by: 


ky = 4:92 x 10 Se%18% +4 1-02cq, x 10%e99™ 2 . . (8) 


Fig. 2 shows the line obtained from this equation and the experimental values. 

The experiments with 180 tracer show that in 5m-perchloric acid processes involving 
respectively carbon-oxygen and phosphorus-oxygen bond fission occur in the ratio 
0-86: 0-14. The figures do not, however, immediately give the ratio for the acid-catalysed 
reaction since, from equation 3, it can be shown that under the relevant conditions 34-1% 
of the observed hydrolysis involves the neutral molecule as substrate. Since this process 
proceeds with 78%, of carbon-oxygen bond fission, the proportion of carbon-oxygen bond 
fission (24) for the acid-catalysed reaction is given by Q4 = (0-86—0-78 x 0-341)/0-659 = 


* Long and McDevitt, Chem. Rev., 1952, 51, 119. 
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0-89.* The two processes which make up the acid-catalysed reaction, therefore, have 
specific rate coefficients, at zero ionic strength, of k,(C) = 0-91 x 10° and k,(P) = 
0-11 x 10% 1. mole™ sec.1, the symbols in parentheses indicating the position of bond 
fission. In deriving these figures it is, of course, assumed that both reactions show the 
same salt effect. This may not be the case. In that event the value of k,(P) given above 
will be in error. 

Since the total rate is approximately proportional to stoicheiometric acid concep- 
tration (and not proportional to hg), the reactions can be formulated as a nucleophilic 
attack by a water molecule on a carbon or phosphorus atom of the conjugate acid of di- 
methyl phosphate. 


ok x + 9 
H,0" C--O-P-OMe —> HO-Me + H* + PO(OH),-OMe 





H H OH 
HO. jOMe, 
H,0% ‘p—O-Me —> HO-Me + H* + PO(OH),-OMe 
H 


(c) General_—Five hydrolytic mechanisms have been identified for the hydrolysis of 
dimethyl phosphate. Table 7 lists these and compares their rates with those found for 
methyl phosphate. 


TABLE 7. Summary of reaction mechanisms for hydrolysis of dimethyl phosphate.* 


Monoanion Neutral species Conjugate acid 

Bond fission C-O P-O C-O P-O C-O P-O 

OG” “aie selndedeciecestene Very slow ca. 0-001 f 3-3 ft 0-9 t 0-91 t O-1lt 
with OH- 

NE: abteineentasmiatind bine — 8-23 ft 6-50 tf — 2-00 t 1-08 } 


* The sums of the rates for the neutral and conjugate acid species are accurate within the accuracy 
of the kinetic analyses, e.g., ca. 5%. The rates for a particular species undergoing a particular kind 
of bond fission are less accurately known since the errors of the isotope analysis are here also involved. 
For example, with the conjugate acid, the rate of reaction proceeding by C—O bond fission, will, since 
this reaction is the major component, be accurate within ca. 10%. On the other hand, the rate for 
the minor component, i.e., the reaction proceeding by P—O bond fission, may be subject to much 
larger errors. 

+ Rate coefficients (10° sec.) at p = 0 (100°). 

t Rate coefficients (10° 1. mole“! sec.“) at w» = 0 (100°). 


The largest difference between the two phosphate esters occurs in the monoanions. 
This feature is general: monoanions of phosphate diesters are resistant to hydrolysis, 
those of phosphate monoesters undergo relatively rapid hydrolysis with phosphorus- 
oxygen bond fission. 

The other differences are small and difficult to interpret. That involving the conjugate 
acid species is, however, worthy of note. Although the overall rate of hydrolysis of 
dimethyl phosphate in acid solution is greater than that of monomethyl phosphate, the 
true acid-catalysed rate at zero ionic strength is smaller. This arises because the 
reaction with the diester exhibits a considerable positive salt effect, whereas that of the 
monoester does not. The origin of this difference is not understood. 

The behaviour of other dialkyl hydrogen phosphates can be qualitatively predicted 
from the above analysis. In compounds containing primary and secondary alkyl groups 


* It might be thought that, in view of the corrections which must be applied to the primary experi- 
mental data, this figure could not be said to differ significantly from unity. This view is incorrect. 
The corrections for (a) the secondary hydrolysis of methyl phosphate and (b) the isotopic exchange of 
methanol are, as shown above, negligible. The correction for the concomitant hydrolysis of the neutral 
species is also small since both processes proceed with approximately the same proportion of carbon- 
oxygen fission. Q4 would be unity if the neutral reaction proceeded with 41% phosphorus-oxygen 
bond fission, i.e., about twice the observed amount. 
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the overall picture will be similar: the variation in the rates of the individual reactions 
involving carbon-oxygen bond fission will be similar to that found for other bimolecular 
substitutions on carbon. For compounds containing tertiary alkyl groups, rapid acid- 
catalysed hydrolysis involving carbon—-oxygen bond fission and proceeding by a carbonium 
jon mechanism can be expected. In all cases reaction in solutions more alkaline than pH 3 
will be very slow. 


The authors thank Professor Sir Alexander Todd and Professor F. Westheimer for much 
helpful discussion. Grateful acknowledgment to the Nuffield Foundation for a generous 
grant for apparatus is also made. 
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661. Aromatic Reactivity. Part XI.* The Influence of meta- and 
para-Methyl Groups in Detritiation by Aqueous Sulphuric Acid. 


By C. Easorn and R. TAYLOR. 


We have measured the rates of detritiation of [*H,]benzene, m-[*H,]- 
toluene, and p-[*H]toluene in 68—80 wt.-% sulphuric acid at 25°. In 73—75 
wt.-% acid, meta- and para-methyl groups activate 5-0 and 250 times, 
respectively. 

Possible mechanisms for aromatic hydrogen isotope exchanges are 
discussed. 


Tuts paper is the first of a series on the effects of ring substituents on the rate of detritiation 
of ring-tritiated aromatic compounds in acidic media under homogeneous conditions. It 
is concerned with the rates of detritiation of m- and #-[H,]toluene and of [8H,}benzene 
in aqueous sulphuric acid, and with the dependence of these rates on the concentration 
of the acid. 

The rate measurements involve extraction of unchanged tritiated aromatic compound 
and measurement of its total activity. If any sulphonation occurs at a tritiated position 
this will obviously result in loss of tritium, but sulphonation at a non-tritiated position 
also results in loss of tritium, since the sulphonation product remains in the aqueous 
phase during the extraction. The rate of loss of activity will thus be higher than the rate 
of exchange. Fortunately, the rates of sulphonation of benzene and toluene are known,)-? 
and appropriate corrections can be applied.f The rate of sulphonation increases rather 
more rapidly than that of detritiation as the concentration of acid is increased, but even so 
it accounts for less than 0-3°/, of the apparent rate for f-[SH]toluene in 75-3 wt.-% acid, 
and less than 4% for (7H,]benzene in 84-0 wt.-% acid, these acids being the most concen- 
trated used in the two cases. With m-[5H,]toluene, however, in which exchange is at 
the least reactive aromatic position, sulphonation accounts for ca. 3% of the total rate in 
73-2 wt.-% acid and for 17% in 81-14 wt.-% acid. 

Effects of m- and p-Methyl Groups.—In the Table are listed the total observed rate 
constants, Rops., the approximate rate constants, Reyip., for sulphonation, and the corrected 
rate constants kp for the detritiation, along with the factors, f, giving the rate for each 
toluene compound relative to that for benzene. In 73-24% acid the rate factors are 
fp = 254, and f,.M° = 5-0, and in 75-30% acid they are 243 and 5-0. The rate factors 
can be expected to change somewhat as the ratio of water to sulphuric acid is varied, for 

* Part X, J., 1960, 1566. r 


+ The rate reported for sulphonation of toluene may include a small contribution from other side 
reactions such as oxidation of the methyl group, which will also give rise to loss of tritium. 


? Gold and Satchell, J., 1956, 1635. 
* Eaborn and Taylor, J., 1960, 1480. 
50 
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considerably different factors are obtained in acetic acid-sulphuric acid—water and tri- 
fluoroacetic acid-sulphuric acid-water media.* The apparent change in f,”° is within 
experimental error, but the observed rise in f,,.M° to 5-7 on going to stronger acid seems to 
be real. Since the corrections for sulphonation are relatively large in the stronger acids, 
however, we shall at present discuss only the rate factors of fpM° = 250 and f,,M* = 5-0 
which apply in 73—75% acid. 

These factors are different from those reported by Gold and Satchell * for dedeuteration 
in 68% acid, viz., f° = 83 and f,,.“* = 1-9, and it is important to see at what point their 
results diverge from ours. It should first be noted that our rate factors are based on 
direct comparison of [8H,]toluenes and [H,}benzene in the same acids, whereas Gold and 
Satchell compared rates for m- and f-[#H,]toluene with those derived for [#H,]benzene by 
interpolation from their earlier results. The ratio f,°/f,™* from our results in 73—75% 
acid, viz., 50, agrees satisfactorily with that, viz., 44, reported by Gold and Satchell for 
68%, acid, and with those, viz., 46 + 3 and 41 + 2 respectively, reported by Ollson and 
Melander ° for dedeuteration and detritiation in 80-8% acid under heterogeneous conditions. 
Furthermore, the ratio ky/kp, of the rate constants for detritiation and dedeuteration, has 
a value of 0-7 for the p-tolyl compounds in 68-9% acid, in reasonable agreement with the 
ky/kp ratios of 0-52 observed by Ollson and Melander in 80-8% acid under heterogeneous 
conditions.® 


Detritiation of X°CgH,°[H] in sulphuric acid at 25°. 
H,SO, 107 Robs. 107Reuip. 10°ky 
(wt.-%) (sec.-*) (sec.-1) (sec.-) 
68-23 224 — 224 
70-08 637 — 637 
71-34 1042 — 1042 
11-85 (0-06) «’ 11-8 
60-90 2-0° 58-9 
3000 20% - 2998 
29-30 (0-57) ¢ 28-7 
161-7 17-6 144 
7000 17-6 6982 
104-5 2-8¢ 102 
640 86-8 553 
353 11-6¢ 341 
2310 359 1951 
898 25° 873 
5950 976 4974 
82-82 3395 105° 3290 
84-03 6540 240° 6300 


* Calculated by dividing by 31 the value for toluene (cf. ref. 2). * By extrapolation. ¢ By inter- 
polation from data in ref. 1. 
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The apparent disagreement between Gold and Satchell’s results and ours seems to 
originate in the values for benzene; detritiation appears to be 3 times slower than 
dedeuteration in 73-5% acid, but the two reactions appear to have the same rate in 83% 
acid. It is theoretically possible for the large kp/ky ratio at low acidities and the variation 
of the ratio with acidity to be real, but it is much more likely that they arise from experi- 
mental error, even though the dedeuteration and detritiation experiments were very 
similar, the only essential differences being in the isotope analyses. The following facts 
encourage us to believe that our results are not at fault: (i) Because of the disagreement 
with the dedeuteration results, we have checked our work carefully, and have investigated 
all the possible sources of error that occurred to us. (ii) The dependence of the rate of 
detritiation of (H,]benzene on acid concentration, while very different from that reported 


* Eaborn and Taylor, Chem. and Ind., 1959, 949. 

* Gold and Satchell, J., 1956, 2743. 

5 Gold and Satchell, J., 1955, 3619. 

® Melander and Ollson, Acta Chem. Scand., 1956, 10, 879; Ollson, Arkiv Kemi, 1959, 14, 85. 
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by Gold and Satchell (see below), is very similar to that for m-[?H,]toluene. (iii) For the 
many electrophilic aromatic substitutions for which reliable rate data are available, Stock 
and H. C. Brown have recently noted’ that the ratio log f,™*/log f,.M® lies between 3-18 and 
4-72. Our figures correspond with a ratio of 3-42, and Gold and Satchell’s with a ratio of 
6-88. Rate factors determined for detritiation in acetic acid—water-sulphuric acid s 
correspond with a ratio of 3-65, and those for deuteration in aqueous trifluoroacetic acid ® 
with a ratio of 4:3 + 0-8. 

Dependence of Rate on Acid Concentration, and the Reaction Mechanism.—Gold and 
Satchell #5 suggested that aromatic hydrogen exchange involves rapid and reversible 
proton transfer from the catalysing acid (which is usually the oxonium ion, written here 
conventionally as H,O*, but which could be represented generally as HA) to form a loose 
“ outer” complex (I) of unspecified nature (cf. ref. 9b), and that this is then transformed 
in a slow step to the analogous complex (III) [possibly via the o-complex (II)] as in 
scheme (1): 


1) 
H .D 
+ -H,0 ‘ err . +H,O0 
H;0 + = == = — 
D D D° “H H H 


(I) (II) (111) 


They rejected the simpler mechanism (2) (which we describe as ‘“‘ orthodox ”’ since it is of 
the type most commonly assumed for electrophilic aromatic substitution 1) because the 
transition states of steps (i) and (ii) (both of which must contribute to determination of the 
overall rate in hydrogen exchange) would involve a solvent molecule (or entity A of the 
acid HA) partly bound covalently. This they held to be ruled out by their observation 
of a linear dependence of the logarithms of the rate constants for dedeuteration on the 
Hammett acidity function Hy. Normally, only log k—-H, plots with a slope of near —1-0 
are considered to be mechanistically significant, but the departures of the reported slopes 
for benzene (—1-4) and toluene (—1-36) from unity were accepted as reasonable salt effects. 


+ (i) i 
aaa) = +H,0 22 
D D° ~H 


The Figure shows some plots of log k7—H5, the Hy values being obtained by interpolation 
from those selected by Long and Paul" from Hammett and Deyrup’s original data.!2 
Gold and Satchell’s results for dedeuteration of benzene can be presented either as a 
straight line of slope —1-5, or as a curve of slope varying from ca. —1-2 toca. —1-7. Our 
results for detritiation lead to a curve of slope varying from ca. —1-5 to ca. —2-2, and the 
plot for m-(3H,]toluene is very similar. If the values of H, employed are those selected 
by Gold and Satchell from the Hammett and Deyrup data (which allow a wide choice in 
this region of acidity), then for dedeuteration the plot of log k against Hy, is roughly a 
straight line of slope —1-4, while for detritiation it is a curve with slope varying from ca. 
—1-5 to ca. —2-0. For p-[H]toluene the corresponding plot (Long and Paul’s values for 


7 Stock and Brown, J]. Amer. Chem. Soc., 1959, 81, 3324. 

® Lauer, Matson, and Stedman, J, Amer. Chem. Soc., 1958, 80, 6433. 

* (a) Gold and Satchell, J., 1955, 3609, 3622; (b) Gold, Lambert, and Satchell, Chem. and Ind., 
1959, 1312. 

'© Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” Bell and Sons, London, 1953, Chap. VI. 

™ Paul and Long, Chem. Rev., 1957, 57, 1. 

2 Hammett and Deyrup, J. Amer. Chem. Soc., 1932, 54, 2721. 
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H, again being used) approximates to a straight line of slope —1-6; the equivalent line 
for dedeuteration has a slope of —1:55. We are unable to accept that there is any 
significant relation between the rate of exchange and the H, acidity function. 

For some other aromatic compounds, particularly phenols, more satisfactory log 
ky-H, plots appear to be obtained,® and in considering mechanisms it could be argued that 
benzene and toluene are abnormal in behaviour.* However, there is considerable 
uncertainty about the precise mechanistic significance of linear log kR-H, plots even when 
these have unit slope,!* and in our opinion there is no firm ground for the belief that such 
plots exclude the possibility of covalent participation of a solvent molecule in the rate- 
determining step. (We hope later to discuss the meaning of linear dependence of log k 
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on H, in detail.) It has, indeed, recently been demonstrated that detritiation of 1,3,5-tri- 
methoxy[?*H]benzene by aqueous weak acids is general-acid catalysed, so that proton 
transfer from catalysing acid to substrate is involved in the rate-determining step, and it 
is unlikely that a different mechanism operates for less reactive aromatic compounds in 
concentrated strong acids. In our opinion, all the experimental features of aromatic 
hydrogen exchange (including the small solvent isotope effects recently reported ®) can 
be interpreted in terms of the orthodox mechanism (2). 

Recently, however, R. D. Brown has suggested a general mechanism (3) for electro- 
philic aromatic substitution, in which o-complexes (Wheland intermediates) of type (VI) 
are not involved. The intermediates (IV) and (V) are charge-transfer complexes, E* 
is an electrophil (as in the original papers, only the case of a positively-charged electrophil 
is discussed), and B is a base. 


* The satisfactory log kp-H, plots obtained for some phenols in aqueous sulphuric acid must, 
however, be largely fortuitous, since protonation of diarylethylenes in this medium is not governed by 
H, (Deno, Groves, and Saines, J. Amer. Chem. Soc., 1959, 81, 5790), and this process is more closely 
analogous to the aromatic hydrogen exchange than is protonation of the nitrogen and oxygen bases 
used to measure Hg. 


18 Long and Paul, Chem. Rev., 1957, 57, 935; Melander and Myhre, Arkiv Kemi, 1959, 18, 507; Deno 
and Perizzolo, J]. Amer. Chem. Soc., 1957, 79, 1345. 

14 Kresge and Chiang, J]. Amer. Chem. Soc., 1959, 81, 5509. 

18 R. D. Brown, J., 1959, 2224, 2232. 
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Any one of the steps (a), (b), and (c) may be rate-determining, and the structure (VI) is 
considered to represent a point of maximum potential energy between the complexes 
(IV) and (V). 


E 
ArH + E+ — +h (IV) eR ar 
F 
++ArH equi HAREM 6 
4 
+Ar-E+ Beem EAr+BHt 8. 2 ee ee. 
H 


R. D. Brown lists six features of electrophilic aromatic substitutions which have to be 
taken into account in devising a mechanism. One of these is the conclusion*®® that 
linear dependence of log k on Hg rules out the possibility of a solvent molecule’s being 
covalently involved in the transition state in aromatic hydrogen exchange, a conclusion 
which, as we have indicated above, is unjustified. All the other five features are, in our 
opinion, equally consistent with the orthodox mechanism (4) (in which the entities in 


+ 
*O=|Q/-0 = * = () +a coeee (4) 
“ “ut E 


+E OH E~ “H E 
(VII) (VI) 


brackets are transition states). It should be stressed that the rate-determining transition 
state does not coincide in structure with the intermediate (VI), but is removed to a greater 
or lesser extent from it towards the reactants or products (compare, ¢.g., ref. 16). The fact 
that calculations based on the new theory give a better fit to rate data for nitration of 
polynuclear aromatics than do calculations 4 of atom localization energies for inter- 
mediates of the type (VI) is not sound evidence in favour of the theory, since the fit results 
from using two disposable parameters to characterise the nature of the electrophil E and 
the transition state, and there is little doubt that the fit of calculations based on the 
assumption of an intermediate of type (VI) would also be improved by introducing two 
parameters to allow for displacement of the transition state from the intermediate along 
the reaction co-ordinate. Indeed, it is difficult to see how rate studies can distinguish 
between the two theories, since, to take the case in which the C—H bond is not broken in the 
rate-determining step, the transition state in mechanism (3) is described ® as predominantly 
a “resonance hybrid” of E-ArH* structures in which the bond links the electrophil in 
turn to each carbon atom of the aromatic system, these bonds being energetically negligible 
except for that to the central carbon (the carbon bearing the proton to be displaced), with 
a small contribution also from E*-.--ArH and other structures; the bond between E and 
the central carbon atom is not strong enough to exclude this atom from the conjugation 
of the aromatic system, but the extent of conjugation with the aromatic system is reduced 
compared with the original aromatic compound. Now this is precisely the description of 
the transition state (VII) of the orthodox mechanism (4), and any difference seems to us to 
be merely one of terminology. To the extent that we are correct in this assertion, R. D. 
Brown’s calculations for the transition state of mechanism (3) are equally valid for the 
orthodox mechanism (4). 


16 (a) Dewar, J., 1956, 3581; (b) Mason, J., 1958, 4329; Mason, J., 1959, 12833; Hammond, J. A mer. 
Chem. Soc., 1955, 77, 334. 
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A real distinction between the two theories is possible in principle, not from rate 
studies but from structural investigation of the intermediates isolated or detected in 
electrophilic aromatic substitutions. R.D. Brown suggests that these have unsymmetrical 
structures of type (IV) in which “ no loss of aromaticity occurs,” rather than the usually 

assumed structures of type (VI). In most cases the structures have not 
been examined, but the complexes formed by some polynuclear hydro- 
carbons in strong acids have been studied in detail, and their spectra have 
Hey (VIII) been shown to be quantitatively in agreement with those expected for 
structures based on the prototype (VIII); 18 in particular, proton-spin 
resonance has shown that the protonated carbon atom has aliphatic character.'® 

We conclude that there is no reason at present to discard the orthodox mechanism of 

electrophilic aromatic substitution in favour of a more complex one. 


EXPERIMENTAL 


Materials.—The tritiated aromatic compounds were prepared from the appropriate Grignard 
reagents, derived from carefully purified aryl bromides, by adding to the ethereal solution a 
molar proportion of tritiated water (20—50 mc/ml.) followed by excess of ordinary water. 
The usual working-up was followed by fractional distillation. The activities of the products 
calculated by assuming quantitative use of the tritium would be [°H,]benzene 2-5 mc/g., 
m-(8H,]toluene 5 mc/g., p-[*H]toluene 5 mc/g., but the actual activities must have been smaller, 
possibly by as much as a factor of 5. 

Toluene (“ sulphur-free ’’) used for extractions and in making solutions for liquid scintillation 
measurements was passed through a column of activated alumina before use. 

Kinetics.—To ca. 260 ml. of sulphuric acid in a 1-l. flask was added a small quantity of 
[SH]benzene (<0-15 ml.) or [*H]toluene (<0-065 ml.)., (Preliminary experiments showed 
that if these quantities were much exceeded, particularly with the more aqueous acids, then 
first-order rate coefficients were not satisfactorily constant; this was probably mainly because 
the solubility limit was exceeded, even though the system appeared homogeneous to the eye.) 
The flask was sealed, and shaken mechanically for 5—10 min., after which 5 aliquot parts were 
transferred by means of a 50-ml. pipette to boiling-tubes of 51—53 ml. capacity. (Satisfactory 
rate coefficients were not obtained if the vapour space above the solution was too large.) The 
exact quantity of mixture in each tube need not be known; a pipette drainage time of 14 min. 
was found by weighing to lead to delivery of equal quantities each time. The tubes were 
sealed with Teflon-sleeved stoppers and placed together in a thermostat at 25-0°, maintained 
to within +0-02°; the first tube was removed after ca. 20 min., and others at appropriate 
intervals. The contents of each tube were transferred quickly at a recorded time to a 250-ml. 
long-necked conical flask containing a fixed amount of toluene (ca. 10-0 ml.) and ca. 100 g. of 
crushed ice, the last traces being washed in with water. The flask was sealed with a Teflon- 
sleeved glass stopper and, held upright, was shaken mechanically for 15 min. The toluene layer 
was then separated, washed (successively with water, aqueous 10% sodium hydroxide, and water), 
and dried (Na,SO,). Some extracts, more particularly in experiments with the [*H]toluenes, 
were slightly yellow, and the colour was removed with a small amount of activated charcoal. 
(Alternatively, in the case of experiments on [8H,]toluene, the extract was distilled, the colour 
then being left in the residue; this led to results identical with those obtained when charcoal 
was used. Separate experiments showed that charcoal did not significantly change the specific 
activity of tritiated toluene or benzene.) A weighed amount of the extract (usually 2—5 g.) 
was placed in the counting vessel along with a fixed quantity (ca. 20 ml.) of a solution of 4 g. of 
p-terphenyl and 0-01 g. of 1,4-di-(5-phenyl-2-oxazolyl)benzene in 1 1. of toluene, and the activity 
was recorded as a galvanometer deflection, D,,,.1° The weight of extract used for each analysis 


17 Gold and Tye, J., 1952, 2172, 2184; Dallinga, Mackor, and Verrijn Stuart, Mol. Phys., 1958, 1, 123; 
Mackor, Hofstra, and van der Waals, Trans. Faraday Soc., 1958, 54, 66; Verrijn Stuart and Mackor, 
J. Chem. Phys., 1957, 27, 826. 

18 Maclean, van der Waals, and Mackor, Mol. Phys., 1958, 1, 247; Aalsberg, Hoijtink, Mackor, and 
Weijland, J., 1959, 3055. 

19 Eaborn, Matsukawa, and Taylor, Rev. Sci. Instr., 1957, 28, 725; Matsukawa and Eaborn, Research 
(Correspondence), 1956, 9, S37. 
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was not varied by more than a few units % throughout a run, and the deflection, D, per 1 g. of 
extract (the “‘ specific deflection ’’) was used in calculating rate constants. The amount of 
extract taken was such that two independent sets of measurements could be carried out on each 
group of extracts. 

When [8H,]benzene was being used, benzene was used for extractions in the early experi- 
ments, but extractions with toluene gave identical results, and this solvent was subsequently 
used throughout. 

The possibility was investigated that by-products of the reaction might be such as to affect 
scintillation measurements (most probably as quenchers), and, by surviving the extraction 
process, give rise to false results. A sample of ordinary benzene was treated with 84-3% 
sulphuric acid under conditions used for the kinetic studies, and after 30 min. (in which time 
more than 85% of exchange would have occurred, and sulphonation would be more serious than 
in any of the runs with benzene) was recovered by the usual toluene-extraction procedure. A 
quantity of this extract (5 ml.) had an effect identical (within 1%) with that of an equal quantity 
of pure toluene on the deflection caused by a fixed amount of tritiated toluene. 

Rate constants were calculated from the equation kyt = 2-303 log D,/(D, — D,), where Dy 
is the specific deflection for the first sample removed, and D, that for a sample removed at time ?¢. 
(The assumption that the deflection would ultimately fall to zero, as expected from the small 
ratio of aromatic compound to hydroxylic solvent species, was checked in a few cases in which 
samples were kept at 25° for ten times the half-life.) Runs were normally taken to more than 
70% completion. Individual rate coefficients varied from the mean by less than +3% (usually 
42%), and the mean rate coefficients (usually determined from the slope of a log D,-t plot) 
could be reproduced to within +2%. In the following typical runs, the first involving [*H,]- 
benzene and the second p-[*H]toluene, D,», is the deflection observed for the weight of extract 
taken, and D is the deflection per g. of extract. 


(i) [H,SO,] = 81-14 wt.-%. 
Time (hr.) 
Wt. of extract (g.) 
Dov, (mm.) 
D (mm.) 
10°’kp (sec.~?) 


(ii) [H,SO,] = 73-24 wt.-%. 
Time (hr.) 
Wt. of extract (g.)............06- , 4-061 4-057 4-069 4-050 
49-4 28-4 15-2 6-9 
12-17 7-00 3-74 1-70 
2980 3030 2990 2960 


We thank the Royal Society for the loan of scintillation counting equipment (from the 
Government Grant-in-Aid), the Chemical Society for assistance from the Research Fund, and 
Dr. E. Matsukawa for advice. 
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662. Polymerisation of Flavans. Part III.* The Action of 
Lead Tetra-acetate on Flavans. 


By M. M. Boxap1s, B. R. Brown, and W. CumMIncs. 


Lead tetra-acetate converts flavans into flavan-4«-yl acetates which on 
hydrolysis yield the 4a-alcohols. Flavan-3,4-diols are split by lead tetra- 
acetate into 2-aryl-2-formy]-2,3-dihydro-3-hydroxybenzofurans which are con- 
verted by acid into 2-arylbenzofurans. Increased methoxyl-substitution of 
the flavans results in decreased yields in both these reactions as a result of 
acetoxylation of the aromatic nuclei and the methoxyl groups. Despite 
this, tetra-O-methyl-(+-)-catechin has been converted into 4«-hydroxy- 
tetra-O-methyl-(+)-catechin (a tetramethyl-leucocyanidin). The tetra- 
methyl-leucocyanidin racemates from the reduction of dihydrotetramethyl- 
quercetin have afforded the corresponding benzofuran. 


PoLyMERs of flavans produced by the action of acids or by autoxidation are thought to 
contain new carbon-carbon links.1 Determination of the positions of these links is 
structurally important, but progress has been hindered by the vigorous nature of the 
available degradative methods which result in very low yields of significant products. The 
most widely used methods have been oxidation of methylated polymers by permanganate 
and fusion of the polymers with potassium hydroxide.2, We have investigated the 
possibility of first weakening a flavan structure by mild oxidation before applying more 
vigorous techniques. 

Cavill and Solomon ® found that the methyl group of substituted toluenes was attacked 
by lead tetra-acetate in acetic acid at 80°, a benzyl acetate being obtained, and that the 
yield increased when electron-repelling groups were present in the para-position. We have 
checked the efficiency of the method with 4-methoxydiphenylmethane and isolated, after 
hydrolysis, 80°, of «-p-methoxyphenylbenzyl alcohol. Flavans are attacked first at the 
4-position and yield 4«-acetoxy-derivatives from which, on hydrolysis, flavan-4e-ols (I) 
have been isolated and characterised. Flavan-4«-ol (I; R =H), from flavan itself, 
corresponded in properties with the compound, m. p. 119°, first obtained by Freudenberg 
and Orthner.* Subsequently, by reduction of flavanone with titanium chloride, Karrer 
et al.® isolated two compounds, m. p. 120° and 148°, which they designated respectively as 


12) ce) 
yO =o 
¢ ¢ OH OMe 

(I) OH 


MeO OH (II) 


the 4a-ol and the 48-ol (these « and @ designations are purely trivial, for reference, and have 
no stereochemical significance). Bognar and Rakosi® isolated the same 48-alcohol on 
reduction of flavanone with lithium aluminium hydride. More recently 7 flavan-4«-ol has 
been obtained from 4-aminoflavan by reaction with nitrous acid. 4’-Methoxyflavan, on 
treatment with lead tetra-acetate and hydrolysis of the product, yielded the 4«-alcohol 
(I; R = OMe), m. p. 131—132°, which by Oppenauer oxidation gave 4’-methoxyflavanone. 
The 48-alcohol, m. p. 152—153°, has been prepared by reduction of the flavanone with 
lithium aluminium hydride. The compound, m. p. 144—145°, obtained by Karrer e¢ al.,5 


* Part II, J., 1958, 4302. 


1 Freudenberg and Maitland, Annalen, 1934, 510, 193; Hathway and Seakins, J., 1957, 1562. 
2 Stephen, J., 1949, 3082. 

* Cavill and Solomon, J., 1954, 3945. 

* Freudenberg and Orthner, Ber., 1922, 55, 1748. 

5 Karrer, Yen, and Reichstein, Helv. Chim. Acta, 1930, 18, 1308. 

* Bognar and Rakosi, Acta Chim. Acad. Sci. Hung., 1957, 18, 217. 

7 Bognar, Rakosi, Fletcher, Philbin, and Wheeler, Tetrahedron Letters, 1959, 19, 4. 
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must be a mixture of these two isomers, especially as these authors isolated both alcohols on 
similar reduction of flavanone itself. When the method was applied to (+)-catechin 
tetramethyl ether in acetic acid, side reactions predominated and no 3,4-diol was isolated. 
However, in benzene solution at room temperature, a 10% yield of a tetra-O-methyl- 
leucocyanidin (II), m. p. 189—190°, [a],!® +34°, was obtained, together with unchanged 
starting material and alkali-soluble products. Thus a method is available for the con- 
version of a catechin into a leucoanthocyanidin, albeit in small yield. 

The yields of 4a-alcohols drop as the flavan nucleus is more highly substituted with 
methoxyl groups. One of the side reactions responsible for this is attack by lead tetra- 
acetate on the 2-position, especially when a 4’-methoxyl group is present, with subsequent 
ring-fission on hydrolysis and production of alkali-soluble products. This has been well 
exemplified by Robertson and his co-workers ® in their study of lead tetra-acetate oxid- 


OO" ~ Or - OO" - One 


(111) HO OAc (IV) 


ation of flavanones. Further, we have shown that flavan-46-ol (III) is attacked by lead 
tetra-acetate in acetic acid at the 4-position and hydrolysis yields 40% of 2’ py: 
chalcone (IV) with 20% of unchanged starting material (see annexed scheme). 

A second, and more serious, side reaction with highly substituted compounds of the 
type of 1,3,5-trimethoxybenzene is attack of the lead tetra-acetate both on the methoxyl 
groups and on the benzene ring. It is known ® that -dimethoxybenzene in this way yields 
a variety of products, and we have found that 1,3,5-trimethoxybenzene also reacts readily, 
and gives <1% of a nuclear-acetoxylated compound (infrared absorption band at 
1780 cm.", typical of an acetate of a phenol), 2,6-dimethoxybenzo-1,4-quinone (V) (17%), 
5-acetoxymethoxy-1,3-dimethoxybenzene (VI) (32%), and unchanged starting material 


Oo 
MeO OMe MeO O-CH2: OAc MeO O-CH,-OH 
> 
o ™) 


OMe (V1) OMe (vil) 


(24%). The identity of the quinone was proved by a mixed melting-point determination 
and ultraviolet and infrared comparisons. The compound (VI) is assigned this structure 
on the following evidence. It has an infrared band at 1754 cm.+ and hydrolysis with 
potassium carbonate in acetone yields a hydroxy-compound (VII) which gave no colour 
with ferric chloride. Hydrolysis of the acetate (VI) with hot dilute mineral acid or aqueous 
sodium hydroxide yielded intractable products, thought to be polymers of the phenol— 
formaldehyde type. 

As expected, flavan-3,4-diols (leucoanthocyanidins) are split by lead tetra-acetate. 
Flavan-3,4-diol (VIII) in acetic acid at room temperature thus yields small amounts of 
benzaldehyde and salicylaldehyde and a compound (76%) formulated as 2-formyl-2,3-di- 
hydro-3-hydroxy-2-phenylbenzofuran (IX) because it yields a monoxime whose infrared 
spectrum does not contain a carbonyl peak. We believe that the first-formed dialdehyde 
undergoes an aldol condensation.!® Oxidation of the dihydrobenzofuran (IX) with silver 
oxide in methanol or with potassium permanganate in acetone gave 20% each of benzoic 
acid and salicylic acid which were separated and identified. Treatment of the dihydro- 
benzofuran (IX) or its oxime with dilute sulphuric acid or sublimation of the aldehyde 

§ Cavill, Dean, McGookin, Marshall, and Robertson, J., 1954, 4573. 


* Preuss and Menzel, Arch. Pharm., 1958, 291, 350, 377. 
© Cf. Brown, Henbest, and Jones, /., 1950, 3634. 
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gave 2-phenylbenzofuran (X) in good yield by the loss of the elements of formic acid.™ 
In the same way, 4’-methoxyflavan-3,4-diol has been converted into 2-p-methoxyphenyl- 
benzofuran (70%). Oxidation by lead tetra-acetate in acetic acid of the tetramethyl- 
leucocyanidin racemates obtained from the reduction of dihydrotetra-O-methylquercetin 


H 
(e) om ie) ie) 
ime gam] Ho An 
OH CHO H 
CHO re) 
(X) 


OH H 
(VIII) (IX) 


with sodium borohydride,!* was not encouraging; but with benzene as solvent, the product 
yielded, on acid treatment, 5% of 2-(3,4-dimethoxypheny]l)-4,6-dimethoxybenzofuran, 
This method can therefore be applied to differentiate between flavan-3,4- and -2,3-diols 
since the latter cannot yield benzofurans in this way.” 

We had hoped in similar ways to convert catechins into leucoanthocyanidins and then 
to split these and to oxidise the products to acids which would enable the structures of 
monomers and eventually polymers to be determined. The low yields of desired products 
prevent this, but work is still in progress. 


EXPERIMENTAL 


Acetic acid was purified by distillation from lead tetra-acetate. Light petroleum refers to 
the fraction of b. p. 40—60°. Alumina was Spence’s grade H deactivated with 10% acetic acid 
(10 ml. per 100 g.). 

Oxidation of p-Methoxydiphenylmethane by Lead Tetra-acetate——A mixture of lead tetra- 
acetate (13 g.), p-methoxydiphenylmethane (4-9 g.), and acetic acid (14 ml.) was heated at 80° 
for 5 hr. after which a starch-iodide test showed the absence of quadrivalent lead. Removal 
of the acetic acid in vacuo and ether-extraction of the residue gave an oil (5-9 g.) which was 
boiled with 5% ethanolic potassium hydroxide (100 ml.) for 30 min. and then diluted with 
water (1 1.). The precipitated «-p-methoxyphenylbenzyl alcohol (4:25 g.) separated from 
light petroleum (b. p. 60—80°) as needles, m. p. and mixed m. p. 66—67°. 

Oxidation of Flavan by Lead Tetra-acetate.—Flavan (1-02 g.), lead tetra-acetate (3-23 g.), 
and acetic acid (25 ml.), treated as above, gave, after hydrolysis with potassium hydroxide, 
flavan-4«-ol (0-67 g.) which separated from light petroleum (b. p. 30—40°) as needles, m. p. 
119-5—120-5° (Found: C, 79-5; H, 5-95. Calc. for C,,H,,O,: C, 79-65; H, 6-2%). Karrer 
et al.5 record m. p. 120—120-5°. The acetate separated from light petroleum (b. p. 30—40°) as 
colourless rods, m. p. 86—87° (lit.,4 m. p. 85—86°). 

Oxidation of Flavan-48-ol by Lead Tetra-acetate.—Flavan-48-ol (100 mg.), lead tetra-acetate 
(240 mg.), and dry benzene (25 ml.) were boiled under reflux for 6 hr. The mixture was filtered 
and the filtrate was washed with water and dried. Removal of the solvent yielded a solid 
which on hydrolysis with 5% methanolic potassium hydroxide gave unchanged starting 
material (20 mg.), m. p. and mixed m. p. 139—141°. Acidification of the alkali-soluble part 
yielded 2’-hydroxychalcone (40 mg.), m. p. and mixed m. p. 89°. The infrared spectrum was 
identical with that of an authentic specimen and a ferric chloride test was positive. 

Oxidation of 4’-Methoxyflavan by Lead Tetra-acetate.—(a) In acetic acid. 4’-Methoxyflavan 
(0-98 g.), lead tetra-acetate (3-26 g.), and acetic acid (25 ml.) yielded, as above, a gum (1-1 g.) 
which was hydrolysed with 5% ethanolic potassium hydroxide. Dilution of the solution with 
water gave 4’-methoxyflavan-4a-ol (0-35 g.) which separated from light petroleum (b. p. 30—40°) 
as needles, m. p. 131—132° (Found: C, 74-6, 75-35; H, 6-3, 6-2. C,,H,,O, requires C, 75-0; 
H, 625%). Acetylation with acetic anhydride and pyridine gave the acetyl derivative, m. p. 
and mixed m. p. 71° (see below). 

4’-Methoxyflavan-4«-0l (200 mg.), -benzoquinone (1-0 g.; freshly sublimed), toluene 
(25 ml.), and aluminium isopropoxide (300 mg.) were boiled under reflux for 40 min. Water 

11 Cf. Bottomley, Chem. and Ind., 1956, 170. 


12 Ganguly and Seshadri, Tetrahedron, 1959, 6, 21. 
18 Cf. Gramshaw, Johnson, and King, J., 1958, 4040. 
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(100 ml.) was added and toluene and benzoquinone were removed by steam-distillation. 
Acidification of the residue with dilute sulphuric acid and ether-extraction gave an oil which 
was dissolved in benzene-light petroleum (1: 4 v/v) and filtered through alumina (5 g.). The 
eluate (160 ml.) yielded 4’-methoxyflavan-4-one (120 mg.), needles, m. p. and mixed m. p. 
90—91° (from light petroleum). The infrared spectrum was identical with that of an authentic 
specimen. 

(b) In benzene. 4’-Methoxyflavan (0-60 g.), lead tetra-acetate (1-8 g.), and dry benzene 
(20 ml.) were boiled under reflux for 6 hr. after which no quadrivalent lead remained. The 
mixture was filtered, and the filtrate was washed with water and dried. Removal of the solvent 
under reduced pressure yielded a gum which was dissolved in light petroleum—benzene (3 : 2 v/v) 
and chromatographed on alumina (40 g.). Elution with the same solvent mixture yielded 
unchanged 4’-methoxyflavan (0-12 g.), m. p. and mixed m. p. 82—83°. Elution with benzene 
yielded 4x-acetoxy-4’-methoxyflavan (0-27 g.) which separated from light petroleum as colourless 
needles, m. p. 71° (Found: C, 72-5; H, 6-3; Ac, 14-9. C,,H,,O, requires C, 72-5; H, 6-05; 
1Ac, 14.4%). Hydrolysis with 5% methanolic potassium hydroxide yielded 4’-methoxy- 
flavan-4«-ol (90%), m. p. and mixed m. p. 131—132°. Elution with benzene-ether (1: 1 v/v) 
gave a brown mass (0-10 g.) which could not be purified. 

4’-Methoxyflavan-48-ol (By G. A. SOMERFIELD).—4’-Methoxyflavan-4-one (2-0 g.), reduced 
in the usual way with lithium aluminium hydride (0-18 g.) in ether, gave 4’-methoxyflavan-48-ol 
(1-8 g.) which separated from aqueous methanol as needles, m. p. 152—153° (Found: C, 74-75; 
H, 6:05. C,,H,,O, requires C, 75-0; H, 6-25%). 

Oxidation of Tetramethyl-(-+-)-catechin by Lead Tetra-acetate-—Tetra-O-methylcatechin (2-70 
g.), lead tetra-acetate (3-60 g.), and benzene (40 ml.) were shaken at room temperature for. 
11 days; a starch-iodide test was then negative. The mixture was worked up and hydrolysed 
in the usual way with methanolic potassium hydroxide. The product was dissolved in benzene 
(10 ml.) and put on alumina (50 g.). Elution with benzene yielded tetra-O-methylcatechin 
(0-50 g.) which, after crystallisation, had m. p. and mixed m. p. 145°. Elution with benzene- 
chloroform (3:1 v/v) yielded a tetva-O-methyl-leucocyanidin which on crystallisation from 
methanol and then from glycol monomethyl ether gave colourless rods (0-24 g.), m. p. 189— 
190°, {aJ,,2° +34° (c 2-27 in CHCl,) (Found: C, 62-85; H, 6-3. C,,H,,O, requires C, 63-0; H, 
61%). Treatment of the compound with boiling methanolic hydrogen chloride gave tetra-O- 
methylcyanidin, Ry in 2n-hydrochloric acid—acetic acid (7:3 v/v) 0-62, and Aggy 535 my in 
EtOH-HCIl. 

The alkali-soluble part afforded, on acidification, a brown mass which could not be purified. 

Oxidation of 1,3,5-Trimethoxybenzene by Lead Tetra-acetate.—The trimethoxybenzene (3-5 g.), 
lead tetra-acetate (10-5 g.), and benzene (50 ml.) were boiled under reflux for 6hr. The product, 
isolated in the usual way, was put on alumina (200 g.) in benzene. Elution was as follows: 

(i) Light petroleum gave unchanged trimethoxybenzene (0-83 g.), m. p. and mixed m. p. 51°. 

(ii) Light petroleum-—benzene (75:25 v/v) gave 1-acetoxymethoxy-3,5-dimethoxybenzene, 
prisms (1-5 g.), m. p. 101° (from methanol and ethyl acetate) (Found: C, 58-65; H, 6-35; Ac, 
20-4. C,,H,,O, requires C, 58-4; H, 6-2; 1lAc, 19-0%), vmax. (in Nujol) 1754s cm.1, hydrolysed 
by potassium carbonate in boiling acetone (24 hr.) to 1-hydroxymethoxy-3,5-dimethoxybenzene 
(purified on alumina), needles, m. p. 63° (Found: C, 58-4; H, 6-5. C,H,.O, requires C, 58-7; 
H, 65%), Vmax. 3425 cm. (in Nujol), giving no colour with ferric chloride. Attempts to 
hydrolyse it with dilute mineral acid or with aqueous sodium hydroxide gave insoluble, 
amorphous products. 

(iii) Light petroleum—benzene (25: 75 v/v) afforded 2,6-dimethoxy-p-benzoquinone which, 
after crystallisation from benzene (orange prisms; 0-6 g.), was further purified by sublimation 
at 140—170°/0-5 mm. It had m. p. and mixed m. p. 249° (Found: C, 57-05; H, 4-3. Calc. for 
C,H,O,: C, 57-15; H, 4-75%). “The infrared spectrum in Nujol had a strong absorption at 
1695 cm.“ and its ultraviolet spectrum in ethanol had Agax, 285 my (log ¢ 4:19). The spectra 
were identical with those of an authentic sample. 

(iv) Benzene-ether (75 : 25 v/v) gave a colourless solid (5 mg.) which melted at 197° after 
crystalisation from ethyl acetate and had vmx. (in CH,Cl,) 1780s cm.*. 

Oxidation of Flavan-3,4-diol by Lead Tetra-acetate——A mixture of flavan-3,4-diol (0-50 g.), 
lead tetra-acetate (1-0 g.), and acetic acid (95 ml.) was stirred at room temperature. After 8 hr. 
0-98 mol. of lead tetra-acetate had been consumed. Acetic acid was removed in a vacuum 
and the residue was taken up in chloroform and washed with water and with sodium hydrogen 
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carbonate solution. Removal of the solvent yielded a yellow oil with a smell of almonds and 
a violet ferric chloride colour. Steam-distillation yielded a turbid distillate which gave an 
orange-red precipitate (34 mg.) with dinitrophenylhydrazine. The dinitrophenylhydrazones 
were chromatographed in benzene (10 ml.) on bentonite (7 g.)—kieselguhr (1 g.; acid-washed). 
Elution with benzene afforded a dinitrophenylhydrazone which, after crystallisation from 
methanol, gave orange needles, m. p. and mixed m. p. with benzaldehyde dinitrophenyl- 
hydrazone 237°. Elution with benzene-ethanol (75 : 25 v/v) gave a dark orange dinitrophenyl- 
hydrazone which, after crystallisation from benzene, had m. p. and mixed m. p. 252° with 
salicylaldehyde dinitrophenylhydrazone. 

The residue in the distillation flask gave an amorphous powder (0-38 g.), m. p. 60—63°, 
Vmax. (in Nujol) 3352 (OH) and 1739 cm. (C=O). The powder was boiled with hydroxylamine 
hydrochloride (0-5 g. in 2 ml. of water), 10% sodium hydroxide solution (2 ml.), and a few drops 
of ethanol for 30 min. The precipitated oxime separated from methanol as prisms (0-35 g.), 
m. p. 170° (Found: C, 70-5; H, 5-1; N, 5:3. C,;H,,;0,N requires C, 70-6; H, 5-1; N, 5-5%), 
Amax. (in EtOH) 221, 280, and 287 my (log e 4-12, 3-50, and 3-47). Its infrared spectrum had no 
bands in the carbonyl region. Hydrolysis of the oxime with dilute sulphuric acid gave 2-phenyl- 
benzofuran as plates (from ethanol), m. p. and mixed m. p. 120° (Found: C, 86-3; H, 5-165. 
Calc. for C,,H,,O: C, 86-6; H, 515%), Amax. (in EtOH) 210, 302, and 316 my (log e 4-29, 4-52, 
and 4-39). The infrared and ultraviolet spectra were identical with those of an authentic 
sample, prepared by the method of Kawai ef al.14 With concentrated sulphuric acid the benzo- 
furan gave a yellow colour in the cold and a blue fluorescence on being warmed. 

Sublimation of the amorphous powder (28 mg.) at 130—150°/10 mm. yielded 2-phenylbenzo- 
furan (21 mg.), m. p. and mixed m. p. 120°. 

The powder (20 mg.) was boiled for 2 hr. with 2N-sulphuric acid (10 ml.). 2-Phenylbenzo- 
furan (14 mg.), m. p. and mixed m. p. 120°, was isolated. 

Oxidation of the powder with potassium permanganate in acetone or with silver oxide in 
methanol at room temperature gave benzoic acid and salicylic acid in 20% yields. The acids 
were identified by their Ry values and were separated by’ esterification followed by alkali- 
treatment and hydrolysis, and further identified by m. p. and mixed m. p. determinations. 

3-Hydroxy-4'-methoxyflavan-4-one.—To a cold solution of 2’-hydroxy-4-methoxychalcone 
(2-19 g.) in methanol (20 ml.) was added 2N-sodium hydroxide (1-8 ml.) and 30% hydrogen 
peroxide (2-8 ml.), and the mixture was kept at 0° overnight. Acidification gave a product 
which was only partially soluble in hot ethanol. The soluble portion, the dihydroflavonol, 
crystallised as colourless needles (1-4 g.), m. p. 168° (Found: C, 71-2; H, 5-45; OMe, 12:1. 
CygH,,O, requires C, 71-2; H, 5-2; 1OMe, 11-5%), Amax, (in EtOH) 216, 252-5, and 320 my 
(log ¢ 4-45, 4-02, and 3-64), vax (in Nujol) 3436 and 1692 cm... The insoluble portion (0-3 g.) 
was 4’-methoxyflavonol (see below). 

4’-Methoxyflavonol.—(a) The insoluble portion from the preceding experiment crystallised 
from glacial acetic acid to yield 4’-methoxyflavonol as pale yellow needles (0-2 g.), m. p. 236° 
(Found: C, 71-45; H, 4-55; OMe, 11-7. C,,H,,O, requires C, 71-65; H, 4-5; lOMe, 11-55%), 
Amax, (in EtOH) 232, 253, 316, and 354 my (log e 4-30, 4-20, 4-08, and 4-39), vmax (in Nujol) 3185 
and 1631 cm.}. 

(6) 3-Hydroxy-4’-methoxyflavan-4-one (1-3 g.) in methanol (25 ml.) was treated with 15% 
aqueous sodium hydroxide (45 ml.) and 100-vol. hydrogen peroxide (3 ml.) and kept at 0° for 
24 hr. The mixture was acidified and the precipitate was recrystallised from acetic acid, to 
give 4’-methoxyflavonol (0-95 g.), m. p. and mixed m. p. 236°. 

Acetylation with acetic anhydride and pyridine gave the acetate which separated from 
ethanol as colourless needles, m. p. 130—131° (Found: C, 69-2; H, 4:5; Ac, 14-7. C,,H,,0; 
requires C, 69-65; H, 4-5; 1Ac, 13-9%). 

4'-Methoxyflavan-3,4-diol.—3-Hydroxy-4’-methoxyflavan-4-one (0-86 g.) was reduced with 
sodium borohydride to the diol (0-71 g.), colourless needles (from methanol), m. p. 172—174° 
(Found: C, 70-8; H, 6-15; OMe, 10-8. C,,H,,O, requires C, 70-6; H, 5-9; 1OMe, 11-4%). 

Oxidation of 4'-Methoxyflavan-3,4-diol by Lead Tetra-acetate.—4’-Methoxyflavan-3,4-diol 
(0-50 g.), lead tetra-acetate (0-90 g.), and acetic acid (50 ml.) yielded, after removal of the 
solvent and isolation of the product in chloroform, an amorphous powder which with hot dilute 
sulphuric acid gave a solid. Filtration in light petroleum through alumina yielded 2-p-methoxy- 
phenylbenzofuran, which separated from ethanol as colourless plates (0-30 g.), m. p. 152° (Found: 


™ Kawai, Nakamura, and Sugiyama, Proc. Imp. Acad. (Tokyo), 1939, 15, 45. 
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C, 80:05; H, 5-45; OMe, 14-05. C,;H,,O, requires C, 80-35; H, 5-35; LOMe, 13-85%), Amax. 
(in EtOH) 211, 246, and 307-5 muy (log ¢ 4-29, 3-59, and 4-44). 

Oxidation of 3’,4’,5,7-Tetramethoxyflavan-3,4-diol by Lead Tetra-acetate.—(a) In acetic acid. 
The diol racemates ! (0-50 g.), lead tetra-acetate (0-70 g.), and acetic acid (25 ml.) at room 
temperature developed a cherry-red colour. Paper chromatography and the ultraviolet 
spectrum showed the presence of tetramethylcyanidin. A brown mass was isolated which did 
not give a crystallisable product after treatment with hot dilute sulphuric acid. 

(b) In benzene. The diol racemates (0-45 g.), lead tetra-acetate (0-70 g.), anhydrous potass- 
jum carbonate (3-0 g.), and dry benzene (40 ml.) were kept at room temperature for 1 hr. and 
worked up to yield a gum (0-31 g.) which was boiled for 2 hr. with 2N-sulphuric acid (3 ml.) and 
ethanol (10 ml.). This gave a brown powder which was chromatographed in benzene on 
alumina. Elution with light petroleum and light petroleum-—benzene (50:50 v/v) gave 
2-(3,4-dimethoxyphenyl)-4,6-dimethoxybenzofuran (20 mg.) as colourless needles (from methanol), 
m. p. 124° (Found: C, 68-9; H, 5-95; OMe, 38-9. C,,H,,O, requires C, 68-5; H, 5-75; 4OMe, 
39:5%), Amax. (in EtOH) 213, 319, and 333-5 my (log e 4-46, 4-49, and 4-35). 
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663. Some Dibenzophenanthrenes Substituted in the Interfering 
Positions. 


By H. S. Biatr, MALCOLM CRAWFORD, J..M. SPENCE, and V. R. SUPANEKAR. 


2’’,3’- Dimethoxy -3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic acid 
has been resolved optically. 1’,1’,4’,4’’-Tetramethoxy- and -tetraethoxy- 
3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic acid in which intramolecular 
overcrowding due to substitution in the interfering positions is greater, have 
resisted all attempts at resolution. In the preparation of these compounds 
a mixture of palladium-—charcoal and sulphur is a better dehydrogenating 
agent than either constituent separately. 


THE dibromo-compound (I; R == Br, R’ = H) was recently resolved.1_ The corresponding 
dimethoxy-compound (I; R = OMe, R’ = H) is now also found to be readily resolvable 
into optical isomers with a half-life period slightly greater than that of the active dibromo- 
analogue under similar conditions. The methoxyl group is less bulky than the bromine 
atom but its flexibility gives rise to a greater overlap area projected on the plane of the 
, racemisation transition state, and the slower lower racemisation can 
R be explained on this basis. 

ae Most surprisingly the tetra-alkoxy-compounds (I; R = H, R’ = 
RN, con OMe or OEt) are found to be preparable without difficulty in spite 
a >" of the high degree of steric interference between neighbouring groups 
R COH R’ in (I) and groups R’ and R” in stages (III), (IV), and (V) of the 
ge synthesis. In view of the unexpected properties of the final anhydride 
¢ (I) (V) and acid (I), e.g., colour, non-resolvability, and solubility of 
alkaloidal salts, the structures of intermediate stages in turn had to 
be firmly established, especially since the increasing steric pressure might well have 

resulted in the formation of abnormal products. 
The starting tetralones (II) are known compounds.2 When they undergo pinacol 
reduction the carbonyl groups in two molecules must approach closely to form the 1,1’-link. 
Carbon atom 8 and its substituent are in ortho-position to the carbonyl group. They 


1 Crawford, Mackinnon, and Supanekar, /J., 1959, 2807. 
® Crawford and Supanekar, /J., 1960, 1985. 
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could possibly exert sufficient steric pressure to bring about a 1,2’- or 2,2’-linkage. This 
was found not to occur; the diene (III; R= R’ = R” = R’”’ = OMe) gave, on dehydro- 
genation, 5,5’,8,8’-tetramethoxy-1,1’-binaphthyl (VI), which on distillation with zinc dust 
gave perylene (VII), identified by m. p. and ultraviolet absorption spectrum. The 1,1’. 
link in the diene (III) is thereby confirmed. 


(VIl) MeO (VI) 


The diene (III) undergoes Diels—Alder addition of maleic anhydride readily. This is 
unexpected for two reasons, namely, (1) that the diene’ can assume a sufficiently planar 
conformation for this addition to take place, and (2) that the resulting highly strained 
adduct (IV) is a stable compound. Yet its colour and analysis support this structure. 
Its non-benzenoid double bond resisted ozonolysis. Dehydrogenation was also difficult. 
Bromine cannot be used because of substitution; lead tetra-acetate afforded products 
which were probably acetylated or acetoxylated; sulphur, selenium, and palladium gave 
poor yields of impure products. Curiously a mixture of sulphur and palladium-on- 
charcoal gave excellent yields of the anhydride (V) after 5—10 minutes’ heating (cf. 
Johnson %). This dehydrogenating agent was found to be generally most effective. 

The anhydride (V) is a deep red or crimson substance. It contains the 3,4:5,6-dibenzo- 
phenanthrene system and not the 3,4:7,8- or other system arising possibly from distorted 
addition of maleic anhydride to the diene. This was clearly shown by partial 
demethylation and distillation of the product with zinc dust: 1,12-benzoperylene (VIII) 
was formed. 

Wandering of alkoxyl groups during the pinacol reduction of the ketone (II), during 
the Diels-Alder reaction or during the dehydrogenation, is considered to be extremely 
unlikely. If then, as appears, the acid (I; R = H, R’ = OMe or OEt) has the structure 
shown not only ought it to be resolvable but the optical isomers would be expected to show 
considerable stability because of the high degree of blocking. All attempts at resolution 
having failed and the alkaloidal salts being so much more soluble than those of the 
dimethoxy- and dibromo-compounds already resolved, the possibility that the tetra- 
alkoxy-compounds contained some distinct structural feature was considered. Their 
more intense colour seemed to support this. Unsuccessful attempts * to prepare a tetra- 
methyl acid (I; R = H, R’ = Me) indicate that the stability might reside in the alkoxyl 
groups. A structure of the type (IX) might not only fit these findings but would impart 
symmetry and consequent non-resolvability. In it the two central methoxyl groups are 


% Johnson, J., 1956, 4155. 
* Bell and Waring, /J., 1949, 2689. 
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equivalent. The possibility of such a structure was tested by the preparation of two 
unsymmetrically substituted compounds (V; R= R’ = OMe, R” = R’” = OEt) and 
M4 R = R” = OMe, R’ = R’” = OEt) which would be identical if the alkoxyl groups 

= R” were equivalently bound. A number of other isomers had also to be prepared 
and | characterised to establish the structures of the required compounds. 


R 

ane 

R’ 

Rr > la 

> tg 
(XI) 


The synthesis of these compounds was achieved by pinacol reduction of mixtures of 
the tetralones (X; R= R’ = OMe and R = R’ = OEt) on the one hand, and (X; 
R= OMe, R’ = OEt and R = OEt, R’ = OMe) on the other. The resulting diene 
mixtures of desired product plus the two symmetrical products were converted into their 
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Fic. 1. Ultraviolet spectra of (A) potassium 1,2,7,8,9,10,11,14-octahydvo-3,4:5,6-dibenzophenanthrene- 
9,10-dicarboxylate (cf. (IV; R = R’ = H)] [Amax. 263, 305 my (ec 39,100, 13,500)] and (B) potassium 
1’,1’’,4’,4’’-tetraethoxy-1,2,7,8,9,10,11,14-octahydro-3,4:5,6-dibenzophenanthrene-9,10-dicarboxylate {(cf. 
(IV; R =H, R’ = OEt)] [Amax. 221, 241, 265, 295 my (€ 27,800, 23,300, 12,700, 13,000), both in water. 


Fic. 2. Ultraviolet spectra of (C) potassium 3,4:5,6-dibenzophenanthrene-9,10-dicarboxylate (cf. (I; R = 
R’ = H)] [Amax. 235, 272, 310, 328, 382, 405 my (e 56,000, 32,700, 34,200, 15,800, 1300, 890)) and 
(D) potassium 1’,1”,4’,4’’-tetraethoxy-3,4:5,6-dibenzophenanthrene-9,10-dicarboxylate (cf. (I; R = H, 
R’ = OEt)] i 229, 318, 370, 424 my (e 37,100, 37,100, 8620, 2630)], both in water. 


maleic anhydride adducts which were separated into their components. In order that 
they might be distinguished the symmetrical products were prepared from the individual 
tetralones. The unsymmetrically substituted adducts were thus recognisable. All these 
various adducts were dehydrogenated to the corresponding dibenzophenanthrene 
anhydrides for comparison of their properties. The two unsymmetrically substituted 
anhydrides in question were found to be distinct substances of widely differing m. p. 
Attempts at interconversion via tHe salts of the corresponding acids and by heat were 
ineffective. Hence structure (IX) is inapplicable. 

One other alternative had to be examined before accepting the highly strained structure 
(V), namely, incomplete dehydrogenation of the adduct (IV). That a high degree of 
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dehydrogenation does take place was shown by carbon-hydrogen analysis and the profound 
change in colour, but neither of these facts would exclude the possibility of incomplete 
dehydrogenation to such a structure as (XI), which would undoubtedly be a highly 
coloured compound. Flexibility around Cy») and Cq3, would allow sufficient folding to 
accommodate the alkoxyl groups R’ and R” without much strain. There would probably 
be insufficient rigidity for optical resolution. Such a structure was, however, excluded by 
the resistance of the substance to hydrogenation in the presence of a palladium catalyst at 
room temperature and pressures of hydrogen up to 65 atm. 

The ultraviolet absorption spectrum of the adduct (IV; R = R’ = R” = R’” = OEt) 
in the form of the potassium salt of the corresponding acid in aqueous solution shows 
only a vague resemblance to that of the unsubstituted analogue (Fig. 1). The bands are 
less well-defined. This indicates that the substituents in the interfering positions cause a 
large departure from uniplanarity. The potassium salt of the dehydrogenated acid (I; 
R = H, R’ = OEt) shows displacement of some of the bands to the red (Fig. 2). The 
general form of the curve resembles that of the unsubstituted acid (V; R = R’ = H). 
This offers much support for the fully dehydrogenated structure (I). 


EXPERIMENTAL 


Conversion of Tetralones into Tetrahydrobinaphthyls (II—+- III).—The method was essentially 
that already described. Thus 7-methoxy-l-tetralone (35 g.) gave 3,3’,4,4’-tetrahydro-7,7’- 
dimethoxy-1,1’-binaphthyl (21-5 g.), plates (from acetic acid), m. p. 154—155° (Found: C, 83-1; 
H, 7-0. C,,H,,O, requires C, 83-0; H, 7:0%). 5,8-Dimethoxy-l-tetralone (5 g.) gave 
3,3’,4,4’-tetrahydro-5,5’ ,8,8’-tetramethoxy-1,1’-binaphthyl (2-5 g.), plates or needles (from acetic 
acid), m. p. 245—246° (Found: C, 75-8; H, 6-9. C,,H,,O, requires C, 76-2; H, 69%). 5,8- 
Diethoxy-1-tetralone (20 g.) gave 5,5’,8,8’-tetraethoxy-3,3’ ,4,4’-tetrahydro-1,1’-binaphthyl (8 g.), 
needles (from benzene), m. p. 212° (Found: C, 77-4; H, 8-0. C,,H,,O, requires C, 77-4; H, 
7:9%). 8-Ethoxy-5-methoxy-l-tetralone (10 g.) gave 8,8’-diethoxy-3,3’,4,4’-tetrahydro-5,5’- 
dimethoxy-1,1’-binaphthyl (5-1 g.), plates (from acetic acid), m. p. 194—195° (Found: C, 76-9; 
H, 7-7. CygH 90, requires C, 76-8; H, 7-4%). 5-Ethoxy-8-methoxy-1-tetralone (10 g.) gave 
5,5’-diethoxy-3,3’ ,4,4’-tetrahydro-8,8’-dimethoxy-1,1’-binaphthyl (5 g.), plates (from acetic acid), 
m. p. 224—225° (Found: C, 77-2; H, 7-8%). A mixture of 5,8-dimethoxy-1-tetralone and 
5,8-diethoxy-l-tetralone gave mixed dienes which could not be separated by fractional 
crystallisation or chromatography. A mixture of 5-ethoxy-8-methoxy-l-tetralone and 
8-ethoxy-5-methoxy-1-tetralone gave mixed dienes from which was separated by crystallisation 
from acetic acid on one occasion 5,8’-diethoxy-3,3’,4,4’-tetrahydro-5’ ,8-dimethoxy-1,1’-binaphthyl, 
plates, m. p. 211—212° (Found: C, 76-5; H, 7-:2%). 

Maleic Anhydride Adducts from Tetrahydrobinaphthyls (III —» IV).—The procedure was as 
described. 3,3’,4,4’-Tetrahydro-7,7’-dimethoxy-1,1’-binaphthyl (20 g.) gave 1,2,7,8,9,10,11,14- 
octahydro-2” ,3’-dimethoxy-3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic anhydride (18 g.), 
recrystallised (from acetic acid), m. p. 182° (Found: C, 74-8; H, 5-9. C,,H,,O, requires 
C, 75:0; H, 58%). 3,3’,4,4’-Tetrahydro-5,5’,8,8’-tetramethoxy-1,l’-binaphthyl (4  g.) 
gave 1,2,7,8,9,10,11,14-octahydro-1’,1’’,4’,4’’-tetramethoxy -3,4:5,6 -dibenzophenanthrene-9, 10 -di- 
carboxylic anhydride (2-7 g.), orange yellow plates (from acetic acid), m. p. 310° (Found: C, 70-5; 
H, 6-0. C,,H,,O, requires C, 70-6; H, 5-9%). 5,5’,8,8’-Tetraethoxy-3,3’,4,4’-tetrahydro- 
1,1’-binaphthyl (8-5 g.) gave 1’,1’’,4’,4”-tetraethoxy-1,2,7,8,9,10,11,14-octahydro-3,4:5,6-dibenzo- 
phenanthrene-9,10-dicarboxylic anhydride (6-5 g.), yellow plates (from acetic anhydride), m. p. 
274° (Found: C, 72-7; H, 7:1. C3,H,,O, requires C, 72-2; H, 68%). 5,5’-Diethoxy-3,3’,4,4’- 
tetrahydro- 8,8’-dimethoxy-1,l’-binaphthyl (4 g.) gave 1’,4”-diethory-1,2,7,8,9,10,11,14 
octahydro-\"’ ,4’-dimethoxy-3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic anhydride (1-8 g.), 
yellow needles (from acetic acid), m. p. 252° (Found: C, 71-5; H, 6-4. C,,H,,O, requires 
C, 71-4; H, 64%). 8,8’-Diethoxy-3,3’,4,4’-tetrahydro-5,5’-dimethoxy-1,1’-binaphthyl (4 g.) 
gave 1” ,4’-diethoxy-1,2,7,8,9,10,11,14-octahydro-1’,4” - dimethoxy -3,4:5,6-dibenzophenanthrene- 
9,10-dicarboxylic anhydride (2-1 g.), yellow needles (from acetic acid), m. p. 284° (Found: C, 
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71:4; H, 6-4%). The inseparable mixture of dienes (3-7 g.) from 5,8-dimethoxy-1-tetralone 
and 5,8-diethoxy-1-tetralone gave a mixture of adducts separated by fractional crystallisation 
from acetic acid into two substances of m. p.s 311—313° and 256-5° severally. The first 
did not depress the m. p. of the tetramethoxy-adduct. The second differed from the tetra- 
ethoxy-adduct and was therefore 1’,4’-diethoxy-1,2,7,8,9,10,11,14-octahydro-1”’,4’’-dimethoxy- 
3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic anhydride (0-55 g.), pale yellow needles (Found: 
C, 71:3; H, 6-7%). The mixture of dienes (4 g.) from 5-ethoxy-8- and 8-ethoxy-5-methoxy-1- 
tetralone gave a mixture of adducts from which was separated by fractional crystallisation from 
acetic acid 1’,1’’-diethoxy-1,2,7,8,9,10,11,14-octahydro-4’ ,4’’-dimethoxy-3,4:5,6-dibenzophen- 
anthrene-9,10-dicarboxylic anhydride (0-7 g.), orange-yellow needles, m. p. 305—306° (Found: 
C, 71-1; H, 67%). 

Dehydrogenation of Adducts (IV).—(a) By bromine. The above-mentioned dimethoxy- 
adduct (5 g.) in chloroform was treated slowly with bromine (4 g.) in acetic acid. The solution 
soon deposited yellow plates (4-7 g.), m. p. 285° (Found: C, 54:7; H, 3-2; Br, 26-9. C,,H,,0,Br, 
requires C, 54-8; H, 3-2; Br, 28-0%). Simultaneous bromination and dehydrogenation had 
taken place and the compound produced was 2’,3’’-dibromo-1,2,7,8-tetrahydro-2” ,3’-dimethoxy- 
3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic anhydride, its state of oxidation being confirmed 
also by its yellow colour. 

(b) By lead tetra-acetate. The dimethoxy-adduct (3 g.) in acetic acid (15 ml.) and acetic 
anhydride (15 ml.) was heated with lead tetra-acetate (7 g.) at 100° for 1 hr. On cooling, 
yellow needles of a substance separated, having m. p. 235° (from chloroform) (Found: C, 75-1; 
H, 5:0. CygH. 0, requires C, 75-7; H, 4:9%). The diethoxy-adduct gave a similar substance, 
orange-red needles, m. p. 248° (Found: C, 72-0; H, 58%; equiv., 316. C,,H,,O, requires 
C, 72:7; H, 61%; equiv., 264). Since these analyses are not in good agreement and since the 
compounds gave products of indefinite composition on further dehydrogenation it was con- 
sidered that they had become acetylated or acetoxylated. 

(c) By palladium. The dimethoxy-adduct (4 g.) was heated with palladium-charcoal 
(0-4 g.) at 340—350° for 10 min., giving 2”,3’-dimethoxy-3,4:5,6-dibenzophenanthrene-9,10- 
dicarboxylic anhydride (1-6 g.) as orange-red needles (from acetic anhydride), m. p. 269—270° 
(Found: C, 76-1; H, 4:0. C,,H,,0,; requires C, 76-5; H, 40%). The tetramethoxy-adduct 
(1 g.) with palladium charcoal (0-1 g.) for 20 min. at 350° gave crimson crystals, m. p. 292°, of 
variable composition. Products from the tetraethoxy-adduct were also unsatisfactory; ¢.g., 
heating this adduct (0-9 g.) with palladium-—charcoal (0-15 g.) at 300° for 4 hr. produced neutral 
orange-red plates (0-3 g.), m. p. 267—268°, almost certainly 4,9-diethoxy-2,3,10,11-tetrahydro- 
1,12-benzoperylene (Found: C, 85-0; H, 6-6. C,,H,,O, requires C, 84:8; H, 6-6%). 

(d) By palladium and sulphur. The dimethoxy-adduct was dehydrogenated successfully 
with sulphur and with selenium but several hours’ heating was required. The tetramethoxy- 
adduct did not give a pure product with sulphur. A mixture of sulphur and palladium- 
charcoal brought about rapid dehydrogenation at a lower temperature to a pure product. A 
mixture of the tetramethoxy-adduct (0-5 g.), palladium-—charcoal (0-05 g.), and sulphur (0-15 g.) 
was heated at 300° for 5 min. A chloroform extract of the cooled mixture gave a residue 
affording, on recrystallisation from acetic anhydride, 1’,1’’,4’,4’’-tetramethoxy-3,4:5,6-dibenzo- 
phenanthrene-9,10-dicarboxylic anhydride (0-22 g.), very deep red or crimson prisms, m. p. 
323-5° (Found: C, 71-2; H, 4:1%; equiv., 241. C,,H,.O, requires C, 71-8; H, 43%; equiv., 
243). Slight demethylation occasionally took place and was corrected by treatment of the 
product with dimethyl sulphate. Similar dehydrogenation of the tetraethoxy-adduct (1-6 g.), 
but for 12 min., gave 1’,1”,4’,4’-tetraethoxy-3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic 
anhydride (1-1 g.), maroon needles (from acetic anhydride), m. p. 295—296° (Found: C, 73-4; 
H, 5-5. C,H,,O, requires C, 73-3; H, 54%). Dehydrogenation (7 min.) of 1’,4’-diethoxy- 
1,2,7,8,9,10,11,14-octahydro-1’’,4” -dimethoxy -3,4:5,6-dibenzophenanthrene - 9, 10-dicarboxylic 
anhydride gave _ 1’,4’-diethoxy-1’’,4’’-dimethoxy-3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic 
anhydride, garnet plates, m. p. 272—273°, in good yield (Found: C, 72-1; H, 5-2. C,,H,,O, 
requires C, 72-6; H, 4-9%). This substance did not change in 4 hr. at 280°. It was regenerated 
unchanged from the salts of the corresponding acid. The 1’,4’-diethoxy-1”,4’-dimethoxy- 
adduct gave 1’,4”’-diethoxy-1" ,4’-dimethoxy-3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic 
anhydride (good yield), deep red plates, m. p. 257-5° (Found: C, 72-5; H, 50%). The 1’’,4’- 
diethoxy-1’,4”’-dimethoxy-adduct gave 1’’,4’-diethoxy-1’,4’’-dimethoxy-3,4:5,6-dibenzophen- 
anthrene-9,10-dicarboxylic anhydride, deep red plates, m. p. 293° (Found: C, 72-4; H, 5-2%). 
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The 1’,1’-diethoxy-4’,4’’-dimethoxy-adduct gave 1’,1’’-diethoxy-4’,4’’-dimethoxy-3,4:5,6-dibenzo- 
phenanthrene-9,10-dicarboxylic anhydride, deep red plates, m. p. 308° (Found: C, 72-7; H, 5-0%), 
This substance did not change in 4 hr. at 280°. It was regenerated unchanged from the salts 
of the corresponding acid. 

Distillations with Zinc Dust.—3,3’,4,4’-Tetrahydro-5,5’,8,8’-tetramethoxy-1,1’-binaphthy] 
(1 g.) was dehydrogenated (5 min. at 280°) with palladium—charcoal and sulphur as above, 
to give 5,5’,8,8’-tetramethoxy-1,1’-binaphthyl (0-89 g.), dull yellow plates (from acetic acid), m. p, 
131-5° (Found: C, 76-5; H, 5-8. C,,H,.O, requires C, 77-0; H, 5-9%). This compound, or 
better, the crude material obtained on demethylating it by boiling hydriodic acid (d 1-7) for 4 hr., 
was mixed with excess of zinc dust and heated. A good yield of sublimate was obtained, as 
golden-yellow plates, m. p. 274°, shown to be perylene by its ultraviolet absorption spectrum 
and colour reactions. 

1’,1”,4’,4’’-Tetramethoxy-3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic anhydride (1 g.) 
in acetic anhydride (20 ml.) was refluxed for 6 hr. with hydriodic acid (d 1-7; 40 ml.). On 
cooling and dilution, a dark precipitate was obtained which was extracted with sodium hydroxide 
solution, and the filtrate was acidified. This precipitate was heated with zinc dust in excess, 
giving a sublimate (0-12 g.) of yellow plates, m. p. 264°; after recrystallisation twice from 
acetic acid, these had m. p. 271°. The ultraviolet absorption showed them to be 1,12-benzo- 
perylene. 

Optical Resolution of 2’’,3’-Dimethoxy-3,4:5,6-dibenzophenanthrene-9,10-dicarboxylic Acid.— 
The potassium salt of this acid was prepared by refluxing the corresponding anhydride with 10% 
potassium hydroxide solution. An aqueous solution of the salt was acidified with hydrochloric 
acid, and the acid (1-1 g.) filtered off, dried and suspended in boiling ethanol (20 ml.) to which 
morphine (0-7 g.) was added. Refluxing was continued until a clear solution was obtained. 
Filtration and cooling produced two crops of morphine salt, and a third was obtained by 
evaporation of the mother-liquor. The first fraction of morphine salt, had m. p. 230°, [a], 
+392° (in CHCI,) (Found: N, 2-0. C,,H;,0O,N requires N, 1-7%). Decomposition gave the 
active acid, m. p. 182°, [a],,2° +677° (in acetone) (Found: C, 74-4; H, 3-8. CygH,,O, requires 
C, 73-2; H, 43%). The acid had reverted partially to the anhydride by the time it was 
analysed. The third fraction of morphine salt, m. p. 212—214°, had {[a),,2° —357° (in EtOH). 
Decomposition gave the active acid, {a],,?° —640° (in acetone). The rotations of the acetone 
solutions of both forms of the acid decreased to zero in 4 days at room temperature. 

Attempted Resolution of  1’,1”,4’,4’’-Tetramethoxy-3,4:5,6-dibenzophenanthrene-9, 10-di- 
carboxylic Acid.—The acid, obtained from the anhydride as above, had m. p. 220—245°. It 
reverted completely to the anhydride in 2 days at room temperature. The morphine salt was 
non-crystalline and very soluble in all solvents tried. Decomposition gave inactive acid. 
Similar results were obtained by using brucine, cinchonine, cinchonidine, ephedrine, and 
l-phenylethylamine. The strychnine salt crystallised well from ethanol but did not give 
active acid on decomposition. 
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664. Organometallic Compounds of Group II. Part II. Alkylation 
of Aromatic Hydrocarbons by Use of Magnesium and Alkyl Halides. 


By D. Bryce-SmitH and W. J. OwEN. 


Magnesium reacts with n-butyl] chloride in benzene to give s-butylbenzene. 
Hydrogen chloride is evolved. No butylmagnesium chloride is obtained. 
n-Butyl bromide reacts with an excess of magnesium in benzene to give both 
s-butylbenzene and butylmagnesium bromide without evolution of hydrogen 
bromide, whereas n-butyl] iodide gives no s-butylbenzene but a 75% yield of 
butylmagnesium iodide. The alkylations proceed more readily in toluene, 
and with higher yields. t-Butyl chloride and benzyl chloride are relatively 
inert to magnesium in boiling benzene, but a modified procedure enables 
them to be used in alkylations. 

These alkylations are considered to be of the Friedel-Crafts type, and to 
involve the production of a catalytically active form of magnesium halide. 
Magnesium chloride prepared from magnesium ammonium chloride hexa- 
hydrate functions as a weak alkylation catalyst. 


SEVERAL scattered reports have referred to aromatic alkylations arising from attempts 
to prepare Grignard reagents in aromatic media. Thus, Schorigin, Issaguljanz, and 
Gussewa ? reported low yields of p-butyltoluene and /-isopentyltoluene from reactions of 
n-butyl chloride and isopentyl chloride respectively with magnesium in toluene. This 
contrasts interestingly with the exclusive «-alkylation of toluene subsequently shown by 
Morton and Fallwell * to occur with the use of sodium in such reactions. Schorigin e¢ al. 
claimed to have shown by a control experiment that anhydrous magnesium chloride is 
inactive as a Friedel-Crafts catalyst, and suggested either a direct reaction between first- 
formed alkylmagnesium chloride and toluene, or attack on the ring by free alkyl radicals. 
Kharasch, Goldberg, and Mayo‘ reported some related alkylation experiments using 
Grignard reagents which were carried out in the presence of traces of ether: a statement 
that the presence of water is necessary was subsequently withdrawn.’ Kharasch and 
Reinmuth,> and Waters ® considered that these alkylations involve free alkyl radicals. 
Handler ? treated magnesium with pentyl bromide in diphenyl ether and obtained /-pentyl- 
diphenyl ether. He suggested that this product arose from an alkylation catalysed by 
magnesium bromide. In Part I,! evidence was obtained for the production of a little 
p-butylisopropylbenzene from a reaction of n-butyl chloride with excess of magnesium in 
isopropylbenzene. 

We have further investigated these alkylations in the light of observations that alkyl- 
magnesium halides do not react directly with aromatic hydrocarbons, and that free 
n-butyl radicals do not readily attack the benzene nucleus.}-8 

Repetition of the experiments of Schorigin et al.2 with isopentyl chloride and n-butyl 
chloride in toluene confirmed their report of para-alkylation (ca. 10% yield), but it was 
found that ortho- and meta-alkylation also occur, and that hydrogen chloride is evolved. 
Modification of their experimental conditions gave considerable improvements. Thus, 
the reaction of magnesium with n-butyl chloride in an excess of toluene for 6} hours at 
ca. 105° gave monobutyltoluenes (74%: probably largely s-butyl) and dibutyltoluenes 


1 Bryce-Smith and Cox, J., 1958, 1050, is regarded as Part I. 

* Schorigin, Issaguljanz, and Gussewa, Ber., 1933, 66, 1426. 

’ Morton and Fallwell, J. Amer. Chem. Soc., 1938, 60, 1429; 1941, 68, 327. 

* Kharasch, Goldberg, and Mayo, J. Amer. Chem. Soc., 1938, 60, 2004. 

5 Kharasch and Reinmuth, “‘ Grignard Reactions of Nonmetallic Substances,’ Constable, London, 
p. 64 and footnote. 

* Waters, “‘ The Chemistry of Free Radicals,’’ Oxford Univ. Press, London, 1948, p. 211. 

” Handler, J. Org. Chem., 1959, 24, 1339. 

® Bryce-Smith, J., 1956, 1603. 
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(13%). Of the halide that reacted, 93-59% appeared as hydrogen chloride and 6-0% as 
magnesium chloride. Most of the magnesium remained unchanged, and no butyl. 
magnesium chloride was detected. An analogous reaction with benzene in place of toluene 
was much slower, probably owing to the lower temperature of refluxing, but a 32% yield of 
s-butylbenzene was obtained. 

Some halides, notably t-butyl chloride, were inert to magnesium in boiling benzene or 
toluene, and gave little or no alkylation of the solvent or other reactions. Prior treatment 
of the metal with a little of the more reactive n-butyl chloride, followed by removal of the 
volatile products, gave a catalyst active for alkylations with these “‘ inert” halides. The 
presence of residual magnesium metal was not necessary for catalytic activity. 

In the absence of catalysts, chlorobenzene reacts with ordinary magnesium at a con- 
veniently rapid rate only above 150°, and gives phenylmagnesium chloride without any 
detectable phenylation of aromatic solvents.® 

The evolution of hydrogen chloride, the formation of s-butylbenzene from n-butyl 
chloride, the failure to observe phenylation, and the evident stability of the alkylating 
agent to hydrogen chloride strongly suggested that the alkylations were of Friedel-Crafts 
type and, despite the contrary report,” catalysed by a form of magnesium chloride. 

Support for this view was provided when magnesium chloride, prepared by heating 
magnesium ammonium chloride hexahydrate in dry hydrogen chloride, was found to act 
as a weak catalyst for the alkylation of benzene or toluene by t-butyl chloride or benzyl 
chloride. n-Butyl chloride reacted very much more slowly under analogous conditions, 
but slight alkylation of benzene and toluene was detected after several weeks at the reflux 
temperature, and a little hydrogen chloride was evolved. On a weight for weight basis, 
magnesium chloride prepared from magnesium and n-butyl chloride was at least several 
hundred times more active catalytically than that prepared from magnesium ammonium 
chloride hexahydrate. This can probably be largely ascribed to differences in surface 
area, although differences in crystal structure cannot yet be ruled out. 

Suggestions have been made that the alkylation of aromatic compounds by alkyl 
halides and magnesium is a homolytic process.>® Since reactions of alkylmagnesium 
compounds with alkyl halides produce free alkyl radicals,! these were probably formed to 
some extent under the present conditions. However, the generation of free n-butyl 
radicals in benzene from the photolysis of di-n-butylmercury gave little or no butylbenzene. 
This result, coupled with a similar one from previous work,$ indicates that free radicals are 
not significantly involved in the present alkylations. 

The use of n-butyl bromide or iodide favours the production of alkylmagnesium com- 
pounds. Thus, n-butyl bromide and an excess of magnesium in refluxing benzene gave a 
little s-butylbenzene, but the principal product was n-butylmagnesium bromide: no 
hydrogen bromide was evolved. On the other hand, reduction in the proportion of magnes- 
ium to one tenth gave mainly s-butylbenzene, with the evolution of much hydrogen 
bromide. The production of s-butylbenzene in the presence of an excess of butyl- 
magnesium bromide, and without evolution of free hydrogen bromide, is an interesting 
example of the occurrence of a Friedel-Crafts reaction under essentially basic conditions. 
Alkyl chlorides can behave similarly. It appears that the present catalysts can function 
in the absence of free hydrogen halide. 

With n-butyl iodide, no alkylation was detected, and n-butylmagnesium iodide was 
produced in 75% yield. That magnesium iodide can indeed catalyse alkylation was shown 
by an experiment in which magnesium was heated with n-butyl iodide until no free metal 
or organometallic compound remained. After removal of volatile matter, the solid 
residue showed slight catalytic activity in the alkylation of toluene by t-butyl chloride. 

The general course of reactions which involve an alkyl halide, RX, and magnesium 
in an aromatic medium, ArH, can be summarised as follows (the ratio R/X in the 


® Bryce-Smith and Cox, unpublished work; Cox, Ph.D. Thesis, Reading, 1959. 
10 Blues and Bryce-Smith, unpublished work. 
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organomagnesium product is normally >1, and the actual stoicheiometry more com- 
plicated.*»*) ; 
RX ++ Mg—— Be “RMgX" 2 wee eee YD 
“RMgX" + RX —— 2R (etc) + MeX, - - - - +--+ @ 


MgX, 
RX + ArH ——m ArR+HX. . . © 1 ew ew ew ew ele 6) 
“* RMgX " + HX ———B RH + MgX, - we tl ltl tl wl @ 


The decreasing tendency for alkylation in the series BuCl > BuBr > Bul may probably 
be ascribed to (a) correspondingly decreasing reactivity of these halides, particularly the 
jodides, in reactions of type (3) (cf. ref. 10a), (6) decreasing catalytic activity in the order 
MgCl, > MgBr, > Mgl, (cf. ref. 10), and (c) increase in facility of reactions of type (1) 
in the order BuCl < BuBr < Bul, although many analogies, ¢e.g., with n-butyl-lithium 
suggest that (c) must be counter-balanced to some extent by a similarly increasing tendency 
towards reactions of type (2). The question whether alkylmagnesium halide or alkyibenzene 
predominates in a particular case should be largely determined by the relative rates of 
reactions (1), (2), and (3). The formation of alkylmagnesium halides is favoured by 
increase in temperature and the use of increased proportions of magnesium; and also 
by the presence of substances such as ethers which can catalyse reaction (1), and which 
by co-ordination reduce the electrophilic character of the magnesium halide. Kharasch, 
Goldberg, and Mayo’s results * (which we have confirmed for the case of benzylation of 
benzene) suggest, however, that in certain cases the presence of a trace of ether promotes’ 
alkylation through catalysis of reaction (1) under conditions where, without a catalyst, no 
reaction at all would occur. Even with alkyl chlorides, and no added catalyst, reaction (1) 
can be made to predominate at temperatures somewhat higher (e.g., 130°) than those now 
employed.+® Adjustment of these various factors should provide a means of control for 
combinations of alkyl halide and aromatic hydrocarbon not yet specifically examined. 


EXPERIMENTAL 


Alkyl chlorides and bromides were purified by treatment with concentrated sulphuric acid, 
washing with sodium carbonate solution and water, drying (CaCl,), and fractional distillation. 
Benzene (sulphur-free) was purified by repeated partial freezing, followed by fractional distil- 
lation. Toluene (sulphur-free) was heated under reflux for 3 hr. with sodium and then 
fractionally distilled. Magnesium was used in the form of ‘“ Grignard ”’ turnings or powder 
(B.D.H., ca. 150 mesh): aluminium could not be detected qualitatively. A subsequent experi- 
ment with n-butyl chloride and toluene using the purest available magnesium (Magnesium 
Electron Ltd.: Al, 0-007; Zn, 0-011%) showed no significant variation from the results below. 
Reactions were conducted under nitrogen, and anhydrous conditions were maintained. 

Reaction of n-Butyl Chloride with Magnesium in Toluene.—n-Butyl chloride (20-0 g., 0-216 
mole), magnesium (6-0 g., 0-247 g.-atom; turnings), and toluene (60 g., 0-65 mole) were heated 
with stirring at 100°. After 7 min., evolution of hydrogen chloride commenced. Heating 
under gentle reflux was continued for a total of 6} hr., the temperature of the mixture 
progressively rising to 112°. Unchanged n-butyl chloride (2-1 g.) was recovered from a cold 
trap, but only traces of butane and butene were detected. Hydrogen chloride (93-5%) was 
estimated by titration with standard alkali. The main product was treated with dilute 
sulphuric acid, and the separated aqueous layer analysed (Volhard) for chloride. Chloride 
equivalent to 0-553 g. of magnesium chloride was found, i.e., 6% based on the n-butyl chloride 
consumed. This implied that only 0-142 g. (ca. 2%) of the magnesium entered into reaction, 
since in the presence of free hydrogen chloride all the reacted magnesium must have been 
present as magnesium chloride. Magnesium metal is unreactive towards dry hydrogen chloride, 
even at temperatures considerably above 100°. 

Fractional distillation of the dried organic products over sodium gave monobutyltoluenes 
(21-2 g., 74%), b. p. 189—195° (bulk at 193—194°) (Found: C, 89-1; H, 10-9. Calc. for C,,H,,: 

1° Friedel and Crafts, Compt. rend., 1877, 84, 1392. 

1% Russell, J. Amer. Chem. Soc., 1959, 81, 4834, and references therein. 
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C, 89-1; H, 109%), and dibutyltoluenes (2-5 g., 13%), b. p. 245—265° (Found: C, 88-5; H, 
11-7. Calc. for C,,H,,: C, 88-2; H, 11-8%). 

The yield of butyltoluenes was only 13% from an experiment in which the procedure of 
Schorigin e¢ al.2 was followed. Repetition of their preparation of p-pentyltoluene from iso- 
pentyl chloride, toluene, and magnesium gave a 12% yield of pentyltoluenes, oxidation of which 
with chromium trioxide in glacial acetic acid gave a mixture of tere-, iso- and o-phthalic acids 
together with other unidentified products. Tere- and iso-phthalic acids were separated via the 
thallous salts: " the ratio was ca. 12:1. No attempt was made to find improved conditions 
for this reaction. 

Reaction of n-Butyl Chloride with Magnesium in Benzene.—n-Butyl chloride (20-0 g., 0-216 
mole), magnesium (6-0 g., 0-247 g.-atom; powder), and benzene (80 g., 1-03 moles) were heated 
with stirring under reflux. Evolution of hydrogen chloride commenced after 80 min., and was 
still slowly continuing after 17 hr. when heating was discontinued. n-Butyl chloride (40-5%) 
was recovered, but probably incompletely, so yields have been based on starting materials in 
this case. Hydrogen chloride (38%) was evolved. Working up as previously gave magnesium 
chloride (7%) and s-butylbenzene (8-6 g., 32%) (Found: C, 89-7; H, 10-4. Calc. for C,)H,,: 
C, 89-5; H, 105%). Some di-s-butylbenzene appeared to be produced, but was not obtained 
pure. The infrared spectrum of this s-butylbenzene was closely similar to that of authentic 
material prepared as described by Birch e¢ al.12 A few very minor differences were probably due 
to the presence of other isomers. The p-sulphonamide, prepared by Huntress and Autenrieth’s 
method, had m. p. and mixed m. p. 76-5—77-5° (Fourd: S, 15-2. Calc. for C,)H,;O,NS: §, 
15-05%). In a further experiment, it was found that the induction period was reduced to 
ca. 5 min. in the presence of a trace of iodine; but the course of the subsequent reactions was 
virtually unaffected. 

Reaction of n-Butyl Bromide with Magnesium in Benzene.—A mixture of n-butyl bromide 
(29-63 g., 0-216 mole), magnesium (6-0 g., 0-247 g.-atom; powder), and benzene (80 g,, 
1-03 moles) was heated with stirring under reflux for 17 hr. No hydrogen bromide was evolved, 
but butane (15%) and butene (3%) were found. A positive test for organomagnesium com- 
pounds was obtained by using Michler’s ketone reagent.* Acid titration of hydrolysed aliquot 
parts of the clear supernatant liquid indicated a 3% yield of dibutylmagnesium. Halogen 
was not found. Acid titration of aliquot parts of the stirred suspension indicated a 50% yield 
of organomagnesium compounds, but the accuracy of this figure is doubtful owing to the 
difficulty of obtaining true aliquot portions free from magnesium metal. Hydrolysis of the 
whole reaction mixture with dilute sulphuric acid gave butane equivalent to a 38% yield of 
butylmagnesium compounds: this figure is believed to be reliable. Evidently, most of the 
butylmagnesium products remained in suspension. Fractional distillation of the separated 
and dried (MgSO,) organic products gave s-butylbenzene, b. p. 170—172° (1-24 g., 4%), charac- 
terised by its infrared spectrum; ca. 1 g. of n-octane was also found from examination 
of refractive-index curves.® 

In a further experiment, reduction in the proportion of magnesium to one tenth led toa 
moderately brisk evolution of hydrogen bromide and the formation of s-butylbenzene in high 
yield. Naturally, no organomagnesium compounds were obtained. Some at least of the 
butane evolved during the previous reaction must have arisen from the action of hydrogen 
bromide on butylmagnesium compounds. 

Reaction of n-Butyl Iodide with Magnesium in Benzene.—A mixture of n-butyl iodide (19-9 g., 
0-11 mole), magnesium (3-0 g., 0-123 g.-atom), and benzene (40 g., 0-51 mole) was heated with 
stirring under reflux. A vigorous reaction commenced after 5 min. and the product became 
very pasty. Heating under reflux was continued for 21 hr., although the reaction was probably 
largely complete after 1 hr. No hydrogen iodide was evolved, and only a trace (0-3 g.) of butane 
and butene (ca. 2: 1). 

Titration of hydrolysed aliquot parts of the clear supernatant liquor indicated a 10% yield 
in solution of organomagnesium compounds corresponding to BuMgI,0-285Bu,Mg.* Hydrolysis 


* For reasons to be discussed in a future paper it seems improbable that such solutions contain 
simple mixtures of RMgI and R,Mg. 


1 Bryce-Smith, Chem. and Ind., 1953, 244. 

#2 Birch, Dean, Fidler, and Lowry, J. Amer. Chem. Soc., 1949, 71, 1362. 
18 Huntress and Autenrieth, J]. Amer. Chem. Soc., 1941, 68, 3446 

4 Gilman and Schulz, J. Amer. Chem. Soc., 1925, 47, 2002. 
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of the whole product gave butane equivalent to a 75% yield of butylmagnesium compounds. 
Fractional distillation of the dried organic layer gave octane (5%) but no trace of butylbenzene: 
not even the characteristic odour was detected. Iodide equivalent to 98-5% of the initial 
n-butyl iodide was found in the aqueous layer. 

t-Butylation of Benzene.—Solutions of t-butyl chloride in benzene and toluene were heated 
under reflux with magnesium for long periods without any detectable reaction with the metal, 
or the formation of alkylated products. Iodine was ineffective as an initiator. The following 
modified procedure was therefore adopted. 

n-Butyl chloride (1 g.), magnesium (1 g.; powder), and toluene (10 ml.) were heated for 
40 min. under reflux, during which time hydrogen chloride was freely evolved. The product 
was then taken to dryness im vacuo. t-Butyl chloride (20 g., 0-215 mole) and benzene (80 g., 
1:03 moles) were then added, and the mixture was stirred under reflux for 5 hr. Hydrogen 
chloride (20%) was evolved, and magnesium chloride (0-238 g., 2-3%) was found after hydrolysis. 
Fractional distillation gave t-butylbenzene (4 g., 14%), b. p. 167—-170°, m,,* 1-4912, and p-di-t- 
butylbenzene (0-3 g., 1%), m. p. and mixed m. p. 77-5°. The identity of t-butylbenzene was 
confirmed by its infrared spectrum. Subsequent experiments have indicated that the above 
method is capable of yielding more active catalysts. The catalyst in this case may have been 
partially poisoned by traces of moisture, to which it is very sensitive. 

Benzylation of Benzene.—In a preliminary experiment, benzyl chloride was heated with 
magnesium in an excess of benzene under reflux. A very slow evolution of hydrogen chloride 
was detected after 10} hr., and after 28 hr., when heating was discontinued, only 10% of the 
theoretical amount of hydrogen chloride had been evolved. In view of the low reactivity of 
benzyl chloride towards magnesium under these conditions, the “‘ two-stage’ procedure was: 
employed, as with t-butyl chloride. | 

n-Butyl chloride (2 g.), magnesium (2 g.; powder), and toluene (5 ml.) were heated under 
reflux for 1 hr., during which time hydrogen chloride was freely evolved. The product was 
taken to dryness im vacuo and then brought to atmospheric pressure with dry nitrogen. A 
mixture of benzyl chloride (20 g., 0-158 mole) and benzene (80 g., 1-03 moles) was then quickly 
added, and stirring under reflux (ca. 88°) was maintained for 27} hr. Hydrogen chloride 
(0-142 mole; 90%) was evolved during the latter period. Distillation of the organic products 
gave diphenylmethane (11-0 g., 42%), m. p. 24° and mixed m. p. 24-5°, and dibenzylbenzenes 
(4 g., 20%). Repeated crystallisation of the latter from ethanol gave crystals, m. p. 85-5°, 
probably p-dibenzylbenzene (m. p. 86°). 

Use of Anhydrous Magnesium Chloride as an Alkylation Catalyst.—(a) t-Butylation of benzene. 
A mixture of benzene (80 g., 1-03 moles), t-butyl chloride (20 g., 0-216 mole), and powdered 
magnesium chloride (20 g.; anhydrous; preparation below) was stirred at 50—60° for 3 days. 
Hydrogen chloride (0-048 mole, 22%) was evolved. Distillation of the filtered product gave 
t-butylbenzene (3-5 g.), b. p. 166—169°, and a residue (0-95 g.) of higher b. p. which solidified on 
cooling. Recrystallisation of this from ethanol gave p-di-t-butylbenzene, m. p. and mixed 
m. p. 77°5°. The t-butylbenzene fraction was slightly unsaturated to bromine in carbon tetra- 
chloride, and was purified by being heated under reflux with alkaline potassium permanganate 
for 15 min. Separation and distillation of the remaining hydrocarbon gave t-butylbenzene 
(1-5 g.), b. p. 166—168°, the identity of which was confirmed by its infrared spectrum. 

(b) Benzylation of benzene. A mixture of benzene (80 g., 1-03 moles), benzyl chloride (20 g., 
0-158 mole), and powdered anhydrous magnesium chloride (20 g.) was heated under reflux for 
90 hr. Hydrogen chloride (0-148 mole, 87%) was evolved. Diphenylmethane (8-5 g., 32%), 
m. p. and mixed m. p. 25°, and dibenzylbenzenes (3-14 g., 15%) were obtained, together with 
much higher-boiling material, apparently polymeric. 

Photolysis of Di-n-butylmercury in Benzene.—The photolysis cell and ultraviolet source have 
been described.4* A solution of di-n-butylmercury (11-6 g.) in benzene (97 g.) was irradiated 
under reflux in a nitrogen atmosphere for 5 hr. Mercury (5-44 g., 73-5%) was liberated. 
Unchanged di-n-butylmercury was converted into butane (0-58 g., 27%) and n-butylmercuric 
chloride by the action of concentrated hydrochloric acid. Fractional distillation of the organic 
products gave octane (0-65 g.), but no fraction corresponding to butylbenzenes was obtained 
(cf. ref. 8 for a comparable experiment in which free n-butyl radicals were generated from the 
reaction of n-butyl-lithium with n-butyl bromide). 

Preparation of Anhydrous Magnesium Chloride.—In preliminary experiments, attempts to 

% Blair, Bryce-Smith, and Pengilly, J., 1959, 3174. 
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dehydrate magnesium chloride hexahydrate by heating it in a stream of dry hydrogen 
chloride or in refluxing thionyl chloride gave oxygen-containing products. The follow- 
ing procedure proved satisfactory. ‘“‘ AnalaR ’’ magnesium ammonium chloride hexahydrate 
(NH,Cl,MgCl,,6H,O) was heated in a Pyrex boat in a current of dry hydrogen chloride. The 
temperature, initially ca. 300°, was increased very slowly at first, then more rapidly above 500° 
during a total period of 3 hr. up to the fusion point (715°), when the product was immediately 
cooled. Chloride analyses indicated a purity >99-7%. The material formed a clear, colour- 
less melt: it was noticed that oxygen-containing products gave turbid melts. Pyrex glass was 
slowly attacked by the fused salt. 


We thank the Royal Society for a grant for the purchase of apparatus, and Shell 
Research Ltd. for a maintenance grant (to W. J. O.). 
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665. The Preparation of o-Phenylenedi(tertiary phosphines) and a 
Tri(tertiary phosphine). 
By F. A. Harr. 


o-Phenylenebisdiethylphosphine (IV) has been prepared by two new 
methods, and a tri(tertiary phosphine) (VII) has been synthesised. New 
o-phenylenedi(tertiary phosphines) are also described. 


Compounns of type (I), where R is an alkyl or aryl group and E, E’ are Group Vb elements, 
are of interest in two respects: they are chelate ligands which often form very stable 
complexes with transition metals,'? the diarsine especially having been much used to 
stabilise unusual valency states and co-ordination numbers,’ and they are intermediates 
from which heterocyclic compounds can often be made, by diquaternisation with ethylene 
dihalide followed by pyrolysis. 

(I) o-RgE*CgHy'E’Ry o-X*CgHyPR, (II) 


There are good methods for the preparation of some such compounds,®* but the two 
o-phenylenedi(tertiary phosphines), 4-methyl-o-phenylene-? and o-phenylene-bisdiethyl- 
phosphine (IV),? were obtained in a pure state only in a small quantity. This is par- 
ticularly regrettable since there is evidence § that the di(tertiary phosphine) may be the 
most effective chelate ligand of type (I). 

The 4-methyl-bisphosphine was prepared? by treating 3-bromo-4-iodotoluene with 
two equivalents of magnesium and two equivalents of chlorodiethylphosphine. This 
reaction cannot be applied to prepare the bisphosphine (IV), which has however been 
made ” by allowing o-chlorophenyl-lithium to decompose to benzyne at about —70° in the 
presence of tetraethyldiphosphine, Et,P*PEt,. Since tetraethyldiphosphine was also 
formed during the preparation of the 4-methyl-bisphosphine, it is possible that the latter 
was the addition product of Et,P-PEt, and methylbenzyne produced by the elimination 
of magnesium bromide iodide from 4-methyl-2-bromophenylmagnesium iodide. 

Two reasonably convenient syntheses of o-phenylenebisdiethylphosphine (IV) are 
now reported. 

The limitations of the one-stage o-phenylenebisphosphine syntheses led to a re-con- 
sideration of a two-stage method with a compound of type (II; X = halogen) as an 

1 Stewart, Chem. and Ind., 1958, 264; Chatt and Mann, /., 1939, 1622. 

* Hart and Mann, /J., 1957, 3939. 

* Nyholm, J., 1950, 851 et seq. 

* Mann and Baker, J., 1952, 4142. 

5 Fischer, Ber., 1892, 25, 2838; Chatt and Mann, /J., 1939, 610; Eberley and Smith, J. Org. Chem., 
1957, 22, 1710; Mann and Watson, J., 1957, 3945; Mann and Stewart, J., 1955, 1269. 

® Jones and Mann, /J., 1955, 4472. 


7 Chatt, Fielding, and Hart, U.S.P. 2,922,819. 
§ Chatt and Hart, J., 1960, 1378. 
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intermediate. This would be analogous to previous arsine syntheses,* but with the 
difficulty that the Bart reaction cannot be used. 

Two intermediates of type (II) were found which could each be converted into the 
required bisphosphine. o-Bromochlorobenzene in ether, entrained with ethyl bromide, 
gave a mono-Grignard reagent which with chlorodiethylphosphine gave o-chlorophenyl- 
diethylphosphine (III) in 50% yield. This was metallated by lithium in tetrahydrofuran 
(but not in ether), and the lithio-compound on treatment with chlorodiethylphosphine 
gave o-phenylenebisdiethylphosphine (IV) in 27% yield. 


o-CgH,BrCl —p 0-Cl*C,Hy:PEt, —t> 0-C,H, (PEt), 
(III) (IV) 


The o-chlorophenylphosphines (II; X = Cl, R = Me and Ph) are readily obtained 
inasimilar way, but are converted into the bisphosphines (I; E = E’ = P) inonly 11% and 
2% yield respectively. It is likely that the lithium splits a phosphorus-carbon bond ® 
instead of replacing the chlorine atom. 

The alternative preparation of compound (IV) utilises the low-temperature halogen— 
lithium exchange between o-dibromobenzene and n-butyl-lithium.!® 0-Dibromobenzene 
at —130° was treated first with n-butyl-lithium and then with chlorodiethylphosphine, 
giving o-bromophenyldiethylphosphine (V) in 26% yield. Unchanged o-dibromobenzene 
(66%) was recovered and butyldiethylphosphine (32%) was also isolated. The inter- 
mediate (V) readily underwent lithium—halogen exchange with n-butyl-lithium at room . 
temperature, and treatment with chlorodiethylphosphine gave o-phenylenebisdiethyl- 
phosphine (IV) in 56% yield. 

o-CgH, Br. —— o-Br°CgH,PEt, ——» (IV) 
(V) 

However, only traces of o-bromophenyldiphenylphosphine (II; X = Br, R = Ph), 
an intermediate in the possible preparation of o-phenylenebisdiphenylphosphine (I; 
R= Ph, E= E’=P), were obtained when chlorodiphenylphosphine reacted with 
o-dibromobenzene and n-butyl-lithium at —130°. 84% of the o-dibromobenzene was 
recovered, and butyldiphenylphosphine was obtained in 77% yield, indicating that the 
chlorodiphenylphosphine had reacted preferentially with n-butyl-lithium, in this way 
progressively displacing what is apparently an equilibrium: 

0-CgH,Br, + BuLi <== 0-C,H,BrLi + Bu"Br 
On the other hand, chlorodiphenylphosphine reacted normally with diethyl-o-lithiophenyl- 
phosphine at room temperature, to give o-diethylphosphinophenyldiphenylphosphine 
(VI) in 58% yield. 

The o-bromo-phosphine (V) may be used to prepare the new tri(tertiary phosphine) 
(VII), which has the correct stereochemistry to occupy three vicinal octahedral co- 
ordination positions in a metal complex. o-Bromophenyldiethylphosphine (V) with 
n-butyl-lithium gave the o-lithio-derivative, which with dichlorophenylphosphine gave 
the trisphosphine (VII), but in only 6-4% yield, as colourless crystals, stable in air when 
pure. Its complexes are under investigation. 

(VI) 0-PhgP*CgHyPEt, o-Li*CgHg*PEt, —t Ph*P(CgH,°PEt,-o), (VII) 


EXPERIMENTAL 


Microanalyses were carried out by the Microanalytical Department of these laboratories. 
Light petroleum had b. p. 40—60°. Operations, except recrystallisations, were carried out 
under nitrogen. 

0-Chlorophenyldiethylphosphine. —Magnesium (12-35 g., 1-08 mol.) was treated in a Grignard- 
type apparatus with ethyl bromide (4 g., 0-08 mol.) in ether (50 c.c.) and a 50 c.c. portion of a 


* Wittenberg and Gilman, J. Org. Chem., 1958, 28, 1063. 
% Gilman and Gorsich, J. Amer. Chem. Soc., 1956, 78, 2217. 
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solution of o-chlorobromobenzene (90 g., 1 mol.) in ether (600 c.c.). When the reaction started, 
the flask was cooled in ice-water and the rest of the chlorobromobenzene solution added during 
35 min. with stirring, which was continued for 90 min. more. Chlorodiethylphosphine (58-9 g_, 
1 mol.) in ether (100 c.c.) was next added during 20 min., with stirring and cooling in ice-water, 
The mixture was boiled for 15 min., cooled to 0°, and hydrolysed with concentrated aqueous 
ammonium chloride. The aqueous layer was washed with ether, and the ether was removed 
at 12 mm. from the combined ethereal layers. The residue was distilled at 0-4 mm., giving the 
phosphine (46-8 g., 50%), b. p. 883—85° (Found: C, 59-7; H, 7-1. C, 9H,,CIP requires C, 59-8: 
H, 7-:0%). Treatment with hot alcoholic ethyl iodide gave the ethiodide, m. p. 178—179° 
(from ethyl methyl ketone) (Found: C, 40-6; H, 5-4. C,H, CIIP requires C, 40-4; H, 
54%). 

o-Chlorophenyldimethylphosphine.—To a Grignard reagent prepared from o-bromochloro- 
benzene (71-7 g., 1 mol.), ethyl bromide (3-0 g., 0-07 mol.), and magnesium (9-7 g., 1-07 mol.) in 
ether (350 c.c.), chlorodimethylphosphine (36-1 g., 1 mol.) in ether (200 c.c.) was added during 
15 min., with cooling in ice and stirring. After being stirred for another 90 min. at 15°, the 
mixture was hydrolysed and the product isolated as before. Distillation at 0-25 mm. gave 
28-3 g. of the phosphine, b. p. 44—45°; it was redistilled, giving 24-0 g. (37%) of material, b. p. 
43°/0-25 mm. (Found: C, 55-6; H, 6-0. C,H, CIP requires C, 55-7; H, 5-8%). Treatment 
with methanolic methyl iodide gave the methiodide, m. p. 303—305° (from aqueous methanol) 
(Found: C, 34:5; H, 4:3. C,H,,CIIP requires C, 34-4; H, 4:2%). 

o-Chlorophenyldiphenylphosphine.—To a Grignard reagent from o-bromochlorobenzene 
(150 g., 1-15 mol.), ethyl bromide (9-1 g., 0-12 mol.), and magnesium (21-0 g., 1-27 mol.) in 
ether (600 c.c.), chlorodiphenylphosphine (150 g., 1 mol.) in ether (400 c.c.) was added during 
15 min. at 0° with stirring. After a further hour’s stirring, the mixture was hydrolysed with 
aqueous ammonium chloride, and the white crystalline product isolated as before. Recrystal- 
lised thrice from ethanol, the phosphine had m. p. 107—108° (105 g., 52%) (Found: C, 72-9; 
H, 5-2. C,,H,,CIP requires C, 72-9; H, 4-75%). ' 

0-Bromophenyldiethyiphosphine.—Solutions of o-dibromobenzene (100 g., 1 mol.) in ether 
(400 c.c.) and light petroleum (400 c.c.), and of n-butyl-lithium (1 mol.) in light petroleum 
(456 c.c.) and ether (400 c.c.) were separately contained in two round-bottomed flasks fitted 
with pentane thermometers. The vigorously stirred solutions were cooled to — 130° in liquid 
nitrogen (contained in two Polythene bowls placed upon and surrounded by cotton wool). 
The butyl-lithium solution was next poured into the dibromobenzene solution through a ball- 
and-socket-jointed tube, and the mixture was stirred at —130° for 20 min. A solution of 
chlorodiethylphosphine (52-6 g., 1 mol.) in light petroleum (160 c.c.) and ether (160 c.c.), 
similarly cooled to — 130°, was added in the same way. The mixture was stirred at the same 
temperature for 2 hr. and then allowed to warm to room temperature. The solution was 
extracted with water (100 c.c.), and the organic layer was separated and evaporated; the 
residue on distillation at 0-15 mm. gave (a) butyldiethylphosphine (20-0 g., 32%), identified as 
its ethopicrate, m. p. 82—83° (from aqueous ethanol) (Found: C, 47-7; H, 6-6. C,,H,,0,N,P 
requires C, 47-6; H, 6-5%), (b) o-dibromobenzene (65-6 g.; 66% recovery), b. p. 48°, and (c) 
o-bromophenyldiethylphosphine (27-1 g., 26%), b. p. 90—91° (Found: C, 50-0; H, 6-4; Br, 
31-75. C, 9H,,BrP requires C, 49-0; H, 5-8; Br, 32-6%). The analytical figures from fraction 
(c) were not improved by refractionation. With warm ethanolic methyl iodide fraction (¢) 
gave the methiodide, m. p. 123—124° (from ethyl acetate-ethanol) (Found: C, 34-1; H, 45. 
C,,H,,BrIP requires C, 34:1; H, 44%), which was converted into the methopicrate, m. p. 
116—117-5° (from aqueous methanol) (Found: C, 41-8; H, 4:1; N, 8-8. C,,H,,0O,N,BrP 
requires C, 41-8; H, 3-9; N, 8-6%). 

o-Bromophenyldiphenylphosphine.—To a stirred solution of o-dibromobenzene (60 g., 1 mol.) 
in light petroleum (220 c.c.) and ether (220 c.c.) at —130°, was added dropwise a solution of 
n-butyl-lithium (1 mol.) in light petroleum (420 c.c.) and ether (400 c.c.). After 10 min, 
chlorodiphenylphosphine (56-0 g., 1 mol.) in light petroleum (200 c.c.) and ether (200 c.c.) was 
added during 25 min. After 1 hr., the mixture was allowed to warm to room temperature and 
extracted with water. The organic layer was separated, and the solvents were removed. 
Distillation at 0-3 mm. gave (a) o-dibromobenzene (50-5 g., 84%), b. p. 34—36°, and (6) butyl- 
diphenylphosphine (47-55 g., 77%), b. p. 117—120°, identified as its butyloiodide, m. p. 154— 
155° (from ethyl methyl ketone-ethyl acetate) (Found: C, 56-6; H, 6-7. C,9H,9PI requires 
C, 56-35; H, 66%), and (c) a residual syrup, which on chromatography on alumina with 1:1 
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benzene-light petroleum as eluant and recrystallisation from alcohol, gave o-bromophenyl- 
diphenylphosphine (0-4 g.), m. p. 115° (Found: C, 63-3; H, 4-4; Br, 23-4. C,,H,,BrP requires 
C, 63-4; H, 41; Br, 23-4%). 

o-Phenylenebisdiethylphosphine.—(A) o-Chlorophenyldiethylphosphine (165 g., 1 mol.) in 
tetrahydrofuran (1 1.) contained in a Grignard-type assembly was cooled to —45° (carbon 
dioxide and acetone) and lithium foil (11-45 g., 2 atom-equiv.) was added. After 2 hours’ 
stirring nearly all the lithium had dissolved. Chlorodiethylphosphine (102-5 g., 1 mol.) in 
tetrahydrofuran (150 c.c.) was added with stirring during 20 min. at about —35°. The mixture, 
after warming to room temperature, was heated at 45° for 20 min., then cooled and stirred with 
water (500 c.c.) and benzene (200 c.c.). The lower layer was extracted with benzene (50 c.c.). 
The solvent was removed from the combined organic portions, and the residue gave on 
distillation at 0-2 mm. (a) diethylphenylphosphine (50-7 g., 37%), b. p. 44—48° (ethiodide, 
m. p. 137—138-5°), and (b) o-phenylenebisdiethylphosphine (56-9 g., 27%), b. p. 100—103°, 
containing traces of impurity which were removed on refractionation (Found: C, 65-8; H, 9-5. 
Cale. for CygHyP,: C, 66-1; H, 9-5%). The bisphosphine was further characterised, by 
treatment with hot ethanolic ethylene dibromide, followed by aqueous sodium picrate, as the 
1,1,4,4-tetraethylethylene-o-phenylenediphosphonium dipicrate, m. p. 230—232° (from ethanol— 
dimethylformamide) (Found: C, 45-7; H, 4-75; N, 11-4. Calc. for C.g>H,,0,N,P,: C, 45-5; 
H, 4:4; N, 11-35%). 

Use of 40% excess of chlorodiethylphosphine in this experiment did not increase the yield 
of diphosphine. 

(B) n-Butyl-lithium in light petroleum (0-765N; 340 c.c., 1-1 mol.) was added at 10° toa 
stirred solution of o-bromophenyldiethylphosphine (58-1 g., 1 mol.) in light petroleum (100 c.c) 
and ether (100 c.c.). After 15 min., chlorodiethylphosphine (37 g., 1-25 mol.) in light petroleum 
(100 c.c.) was added during 10 min. Heat is evolved during these two additions, and the 
temperature of the solution was kept below 10°. After 100 min., the mixture was stirred with 
water (100 c.c.). The aqueous layer was made just alkaline with aqueous sodium hydroxide 
and twice extracted with light petroleum (2 x 100 c.c.). The solvents were removed from 
the combined organic portions and distillation at 0-04 mm. gave a fraction, b. p. 97-—106°. 
Refractionation gave the pure diphosphine (33-5 g., 56%) (Found: C, 66-15; H, 9-7%). 

o-Diethylphosphinophenyldiphenylphosphine.—n-Butyl-lithium in light petroleum (0-59N; 
81-4 c.c., 1 mol.) was added at 10° to a stirred solution of o-bromophenyldiethylphosphine 
(10-0 g., 0-85 mol.) in ether (25 c.c.). Chlorodiphenylphosphine (10-6 g., 1 mol.) in benzene 
(30 c.c.) was added dropwise, with ice-cooling, and after 30 min. the solution was boiled for 30 
min. more, with stirring. The cooled solution was stirred with water (100 c.c.). The water 
was separated and the organic solvents were removed, finally at 100°/0-5 mm. The crystalline 
residual bisphosphine (8-25 g., 58%) had m. p. 103-5—105-5° when recrystallised from ethanol 
(Found: C, 75-2; H, 7-1. C,.H,,P, requires C, 75-4; H, 6-9%). When boiled for 90 min. with 
excess of ethanolic ethyl iodide it gave o-diphenylphosphinotriethylphosphonium iodide, m. p. 214° 
(from aqueous ethanol) (Found: C, 57-3; H, 5-8. C,.,H,,P,I requires C, 56-9; H, 5-8%). 

o-Phenylenebisdimethylphosphine.—Lithium foil (2-26 g., 2 atom-equiv.) was added to o-chloro- 
phenyldimethylphosphine (28-0 g., 1 mol.) in tetrahydrofuran (200 c.c.) at —45°, and the whole 
was stirred for 2 hr. at —45° and for 20 min. at 0°, then cooled to —45°. Chlorodimethylphos- 
phine (15-7 g.; 1 mol.) in benzene (50 c.c.) was added dropwise. After 1 hr. at room tem- 
perature, the solution was stirred with benzene (50 c.c.) and water (100 c.c.), and the product 
isolated in the usual way. Distillation (0-3 mm.) gave an unidentified fraction (6-6 g.), b. p. 
30—33°, and the bisphosphine (3-4 g., 11%), b. p. 98—101° (Found: C, 60-8; H, 7-7. C,H,.P, 
requires C, 60-6; H, 8-1%). 

0-Phenylenebisdiphenylphosphine.—Lithium foil (2-80 g., 2 atom-equiv.) was added to 
o-chlorophenyldiphenylphosphine (60 g., 1 mol.) in tetrahydrofuran (650 c.c.) at —45°. The 
mixture was stirred for 3 hr., then chlorodiphenylphosphine (74-3 g., 1 mol.) in tetrahydrofuran 
(150 c.c.) was added during 15 min. After reaching room temperature, the mixture was stirred 
with benzene (200 c.c.) and water (200 c.c.). The oil produced was isolated from the upper 
layer. It was mainly soluble in alcohel, but long storage in alcohol at 5° gave crystals (1-9 g.), 
having m. p. 183—187° after recrystallisation from ethyl methyl ketone. This bisphosphine 
was twice sublimed at 150°/0-05 mm. and four times recrystallised from dimethylformamide, 
then having m. p. 186-5—187-5° and containing a slight but persistent impurity (Found: 
C, 79-7; H, 5-7. Calc. for CygH,,P,: C, 80-7; H, 5-4%). 
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Bis-(o-diethylphosphinophenyl) phenylphosphine.—n-Buty]-lithium (1 mol.) in light petroleum 
(62-1 c.c.) was added during 5 min., with stirring, to an ice-cooled solution of o-bromophenyl- 
diethylphosphine (10-0 g., 1 mol.) in ether (50 c.c.). After 30 min., dichlorophenylphosphine 
(3-65 g., 0-5 mol.) in ether (15 c.c.) was added dropwise. After being stirred at 0° for another 
30 min., the solution was boiled for 30 min., cooled, and stirred with water (100 c.c.) and benzene 
(50 c.c.). The oil produced was isolated in the usual way, and crystallised (2-25 g.) on tritur- 
ation with methanol. Purified by chromatography on alumina (1: 1 light petroleum—benzene) 
and recrystallisation from ethanol, the tris-phosphine (1-15 g.) had m. p. 106—107-5° (Found: 
C, 71-0; H, 7-7. CygH ,P; requires C, 71-2; H, 7-6%). 


I thank Mr. D. T. Rosevear for his help with the experiments. 
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666. Polypeptides. Part V1 The Synthesis of Some Acetylserine 
Peptides Related to the Active Centre of Chymotrypsin. 


By Leo Benorton and H. N. Rypon. 


The two isomeric pairs of peptides, O-acetyl-DL-seryl-glycyl-glycine (V) and 
N-acetyl-pL-seryl-glycyl-glycine (VI), and L-aspartyl-O-acetyl-L-seryl-glycyl- 
glycine (X) and O-L-aspartyl-N-acetyl-L-seryl-glycyl-glycine (XI), have been 
synthesised for comparison with degradation products of acetylchymotrypsin. 
All four peptides are stable at pH 2-0, but at pH 7-8 the O-acetyl-tripeptide 
(V) is converted into its isomeride, and the tetrapeptide (XI) is broken down 
into aspartic acid and the tripeptide (VI). 


ALTHOUGH there is now abundant degradative evidence 2 to show that the reactive serine 
residue of the active centre of chymotrypsin is present in the sequence 


—Gly-Asp’Ser-Gly-Gly-Pro-Leu-, 


and that similar sequences surround the reactive serines of the active centres of other 
esterases,’ synthetic confirmation for this is lacking. Oosterbaan and Van Adrichem 4 
recently obtained five peptides of acetylserine by enzymic degradation of acetylchymo- 
trypsin; ® the largest of these contains the sequence Gly-Asp*Ser-Gly-Gly-Pro-Leu ® and 
it is reasonable to suppose that the other four contain the shorter sequences 
Ser-Gly-Gly:Pro-Leu, Asp*Ser-Gly*Gly, Gly-Asp-Ser-Gly, and Ser-Gly-Gly. The position 
of the acetyl group in these peptides is, however, not clear and the electrophoretic 
behaviour * of the smallest of them is such as to suggest that it is N-acetyl-seryl-glycyl- 
glycine (VI) rather than the O-acetyl-peptide (V). 

On the basis of the oxazoline hypothesis ? concerning the nature of the reactive serine 
in chymotrypsin and other esterases, the hydrolysis of acetylchymotrypsin might well 
give rise to N-acetyl-O-peptides, such as (XI), as well as, or instead of, the isomeric 
O-acetyl-N-peptides, such as (X), which are the most likely products on the basis of the 
alternative histidine-activation hypothesis. We have, therefore, undertaken the synthesis 


1 Part IV, Rydon and Smith, J., 1956, 3642. 
2 Oosterbaan, Kunst, and Cohen, Biochim. Biophys. Acta, 1955, 16, 299; Turba and Gundlach, 
Biochem. Z., 1955, 327, 186; Schaffer, Simet, Harshman, Engle, and Drisko, J. Biol. Chem., 1957, 225, 
197; Oosterbaan, Kunst, Van Rotterdam, and Cohen, Biochim. Biophys. Acta, 1958, 27, 549, 556. 
% Dixon, Go, and Neurath, Biochim. Biophys. Acta, 1956, 19, 193; Oosterbaan, Jansz, and Cohen, 
ibid., 1956, 20, 402; Dixon, Kauffman, and Neurath, ]. Amer. Chem. Soc., 1958, 80, 1260. 
* Oosterbaan and Van Adrichem, Biochim. Biophys. Acta, 1958, 27, 423. 
5 Balls and Wood, J. Biol. Chem., 1956, 219, 245. 
Jansz, Berends, and Oosterbaan, Rec. Trav. chim., 1959, '78, 876. 
Porter, Rydon, and Schofield, Nature, 1958, 182, 927; Rydon, ibid., p. 928. 
For references see Davies and Green, Adv. Enzymol., 1958, 20, 283. 
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of a number of acetylated and phosphorylated serine peptides related to the active centre 
of chymotrypsin and now report the synthesis of four such peptides, viz., (V), (VI), (X), 
and (XI); comparison of these synthetic peptides with those isolated from acetylchymo- 
trypsin is reported elsewhere.® 

The synthetic scheme was as pictured (the abbreviations are those used by Goodman 
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OAc H H OH 


ZSer*Gly*GlytO-CHgPh <@— Z*Ser*Gly*Gly-O*CH,Ph —t H-Ser*Gly*GlyO°CH,Ph —p> Ac*Ser*Gly*Gly*O°CH,Ph 
(uy (I) (Il) (IV) 


Sc nae ee si 


OAc OAc OH 
Z°Asp*O 
H*Ser*Gly*GlyrO*CH Ph H*Ser*Gly*Gly-OH Ac*Ser*Gly*Gly-OH 
(vil) (V) (VI) Ac*Ser*Gly*GlytO*CH4Ph 
| (Vill) 
CO3H 
Ph'CHyO,C OAc HOC OAc | 
| H*Asp-O 
Z*Asp*Ser*Gly*GlyrO*CH,Ph —— H*Asp’Ser*Gly*GlyrOH 
(IX) (X) Ac*Ser*Gly*Gly*OH 


(x!) 


and Kenner). We chose to introduce the serine residue initially as the N-benzyloxy- 
carbonyl derivative with the side-chain hydroxyl unprotected and to attach the N- and 
0-acetyl groups later, partly because of the greater danger of racemisation when using 
N-acetylserine in coupling reactions™ and partly because we had some difficulty in 
preparing the intermediates, O-acetyl-N-benzyloxycarbonyl- 12 and N-acetyl-serine,'* 
required for the alternative, more direct, approach by the published procedures. 

The protected tripeptide (I), the key intermediate for the syntheses, was prepared in 
satisfactory yield by coupling N-benzyloxycarbonylserine with glycyl-glycine benzyl 
ester, dicyclohexylcarbodi-imide being used in chloroform containing acetonitrile to 
repress the formation of acylurea; * catalytic hydrogenolysis gave seryl-glycyl-glycine. 
Selective removal of the benzyloxycarbonyl group from the protected tripeptide (I) was 
carried out by using hydrogen bromide in nitromethane © rather than in acetic acid," to 
avoid the O-acetylation to be expected with the latter solvent.%1!” The resulting benzyl 
ester (II) was then selectively N-acetylated with thioacetic acid,“ and the resulting 
N-acetyl compound (IV) was catalytically hydrogenolysed to the required N-acetylseryl- 
glycyl-glycine (VI). For the preparation of the isomeric O-acetylserylglycyl-glycine (V), 
the protected tripeptide (I) was O-acetylated with acetic anhydride in pyridine, and 
the product (III) was subjected to catalytic hydrogenolysis. 

For the preparation of the tripeptides (V) and (VI), containing only one asymmetric 
centre, DL-serine was used as starting material, the pL-products sufficing for our purpose. 
In the case of the tetrapeptides (X) and (XI), which contain two asymmetric centres, it 
was necessary, in order to avoid the formation of mixtures of diastereoisomerides, to use 


Benoiton, Cohen, Oosterbaan, Rydon, and Van Adrichem, Nature, in the press. 

Goodman and Kenner, Adv. Protein Chem., 1957, 12, 465. 

1 North and Young, Chem. and Ind., 1955, 1597. 

12 Frankel and Halmann, /., 1952, 2735. 

8 Synge, Biochem. J., 1939, 88, 1924; Wagner-Jauregg and Short, Chem. Bor., 1956, 89, 253. 
4 Guttmann and Boissonnas, Helv. Chim. Acta, 1958, 41, 1852. 

% Albertson and McKay, J. Amer. Chem. Soc., 1953, 75, 5323. 

16 Ben-Ishai and Berger, J. Org. Chem., 1952, 17, 1564. 

Sheehan, Goodman, and Hess, J. Amer. Chem. Soc., 1956, 78, 1367. 
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L-serine and L-aspartic acid as starting materials. Accordingly, the above syntheses were 
repeated, with L-serine, as far as the intermediates (III) and (IV). Treatment of the 
former with hydrogen bromide in nitromethane © gave the O-acetyl benzyl ester (VII); 
the product was contaminated with some de-acetylated material and was, therefore, 
re-acetylated with hydrogen chloride in acetic acid 1” before proceeding with the synthesis, 
Condensation of $-benzyl N-benzyloxycarbonyl-L-aspartate with the benzyl ester (VII), 
by means of dicyclohexylcarbodi-imide in pyridine, afforded the protected tetrapeptide 
(IX) which, on catalytic hydrogenolysis, gave the required O-acetyl-tetrapeptide (xX), 
The isomeric N-acetyl-tetrapeptide (XI) was prepared similarly by condensing the 
N-acetyl benzyl ester (IV) with $-benzyl N-benzyloxycarbonyl-L-aspartate, and hydro- 
genolysing the resulting protected tetrapeptide (VIII). 

As a preliminary to the comparison of the synthetic acetyl-peptides with those isolated 
from acetylchymotrypsin, it was desirable to study the stability of the former under the 
conditions used in the preparation of the latter, viz., pH 2-0 for 16 hr. at 20° and pH 78 
for 16 hr. at 37°. All four synthetic acetyl-peptides were stable under the acidic 
conditions, but this was not true of the alkaline conditions. At pH 7:8, at 37°, N-acetyl- 
seryl-glycyl-glycine (VI) and aspartyl-O-acetylseryl-glycyl-glycine (X) were stable, but 
O-acetylseryl-glycyl-glycine (V) was almost completely converted into the N-acetyl 
compound (VI) within 9 hr., while O-aspartyl-N-acetylseryl-glycyl-glycine (XI) was 
rapidly hydrolysed to aspartic acid and N-acetylseryl-glycyl-glycine (VI). At the 
beginning of our work, the only case known to us of the shift of an acyl group from oxygen 
to nitrogen in a serine derivative was that of O-glycylserine; 18 recently, however, similar 
shifts have been observed with O-acetylseryl-tyrosine 14 and O-acetylserine. The 
lability, under mildly alkaline conditions, of the O-peptide bond in the tetrapeptide (XI) 
is not altogether surprising in view of the observation ® that a number of N-acylated 
O-peptides undergo ammonolysis of the O-peptide linkage with dilute aqueous ammonia. 


EXPERIMENTAL 


N-Benzyloxycarbonylseryl-glycyl-glycine Benzyl Ester (I).—({i) N-Benzyloxycarbony]l-pi- 
serine 421 (7-18 g.), suspended in chloroform (70 ml.) containing triethylamine (5-2 ml.), was 
shaken overnight with glycyl-glycine benzyl ester toluene-p-sulphonate 2? (14-2 g.) and dicyclo- 
hexylcarbodi-imide (7-6 g.) in acetonitrile (70 ml.). Next day, the mixture was filtered and the 
solid washed with chloroform and extracted with boiling ethyl acetate (250 ml.); evaporation 
of the extract afforded the required product (7 g., 53%). <A further 4 g. (30%) was obtained 
from the filtered mixture by evaporation to dryness under reduced pressure, dissolution of the 
residue in hot ethyl acetate, washing of the filtered extract with, successively, N-hydrochloric 
acid, N-potassium hydrogen carbonate, and water, drying, and evaporation. Recrystallisation 
of the combined products from water (300 ml./g.) gave the pure DL-peptide ester (8-5 g., 64%), 
m. p. 134—135° (Found: C, 59-8; H, 6-0; N, 8-8. C,,H,;N,O, requires C, 59-6; H, 5:7; 
N, 9-5%). 

(ii) The L-compound, prepared similarly from N-benzyloxycarbonyl-t-serine in 60% 
yield, had m. p. 151—152° (from water), [a],,2* —4-2° (c 2-0 in acetic acid) (lit.,28 m. p. 151—153°) 
(Found: C, 59-8; H, 5-5; N, 9-1%). 

pi-Seryl-glycyl-glycine.—N-Benzyloxycarbonyl-pDL-seryl-glycyl-glycine benzyl ester (1-6 g.) 
in 75% aqueous t-butyl alcohol #* (100 ml.) was shaken in hydrogen over 5%, palladised charcoal. 
When the uptake of hydrogen was complete, the mixture was warmed to dissolve the precipitated 
peptide, filtered from the catalyst, and evaporated to dryness. Recrystallisation from aqueous 
ethanol gave the tripeptide (600 mg., 75%), m. p. 196—200° (decomp.) (Found: C, 38-7; H, 61; 
N, 18-8. C,H,,N,O,; requires C, 38-4; H, 6-0; N, 19-2%). 

18 Moore, Dice, Nicolaides, Westland, and Wittle, J. Amer. Chem. Soc., 1954, 76, 2884. 

19 Narita, J. Amer. Chem. Soc., 1959, 81, 1751. 

2° Botvinik, Avaeva, Konovalova, and Ostoslavskaya, Zhur. obshchei Khim., 1957, 27, 1910. 

#1 Baer and Maurukas, J. Biol. Chem., 1955, 212, 25. 

*2 Crofts, Markes, and Rydon, J., 1959, 3610. 

23 Baer, Maurukas, and Clarke, Canad. J. Chem., 1956, 34, 1182; J. Biol. Chem., 1957, 228, 181. 
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Seryl-glycyl-glycine Benzyl Ester (I1).—(i) A stream of hydrogen bromide was passed through 
a suspension of N-benzyloxycarbonyl-pL-seryl-glycyl-glycine benzyl ester (3 g.) in nitromethane 
(40 ml.); the starting material dissolved during the first 5 min., the product beginning to 
separate shortly after. After 30 min., anhydrous ether (120 ml.) was added, and the mixture 
was shaken and then decanted. The solid residue was washed thrice more by decantation 
with ether and then recrystallised, from ethanol-ether and then from ethanol, affording the 
pi-hydrobromide (2-05 g., 78%), m. p. 174—175° (Found: C, 42-9; H, 5-0; N, 10-6. 
CygHapBrN3905 requires C, 43-1; H, 5-2; N, 10-8%). 

(ii) The t-hydrobromide, prepared similarly in 70% yield, had m. p. 181-5—183° (from 
ethanol), {a),,2* + 19-6° (c 1-3 in H,O) (Found: C, 43-3; H, 5-0; N, 10-5%). 

N-Acetylseryl-glycyl-glycine Benzyl Ester (IV).—(i) pt-Seryl-glycyl-glycine benzyl ester 
hydrobromide (1-2 g.), suspended in acetonitrile (50 ml.), was treated with triethylamine 
(0-6 ml., 1-5 mols.), and the mixture shaken to bring about dissolution. Thioacetic acid 
(0-6 ml.) was added and the mixture kept at room temperature; a little more thioacetic acid 
(5 drops) was added after the second day. After three days, the solid product (0-7 g., 65%) 
was collected and washed with ether, a further amount (0-24 g., 22%) being obtained by 
evaporating the filtrate and washings to dryness and triturating the residue with acetonitrile. 
Recrystallisation from acetonitrile gave the DL-acetyl-ester (0-86 g., 80%), m. p. 137—139° 
(Found: C, 542; H, 625; N, 11-9. C,,H,,N,;O, requires C, 54:7; H, 60; N, 
12-0%). 

ie The L-ester, prepared similarly in 75% yield, had m. p. 156—157°, [aJ,,**> —9-3° (c 2-0 in 
MeOH) (Found: C, 54-0; H, 6-0; N, 11-9%). 

N-Acetyl-p.-seryl-glycyl-glycine (V1).—The pti-benzyl ester (IV) (500 mg.) was hydro-- 
genated over 5% palladised charcoal in 50% aqueous t-butyl alcohol. Filtration, evaporation, 
and recrystallisation from methanol gave the acetyl-tripeptide (270 mg., 80%), m. p. 179—181° 
(Found: C, 41-2; H, 5-8; N, 16-4. C,H,;N,O, requires C, 41-4; H, 5:8; N, 16-1%). 

O-Acetyl-N-benzyloxycarbonylseryl-glycyl-glycine Benzyl Estey (III).—(i) Acetic anhydride 
(0-37 g.) was added, in four portions, with shaking and ice-cooling, during 30 min. to N-benzyloxy- 
carbonyl-pL-seryl-glycyl-glycine benzyl ester (1-0 g.) in anhydrous pyridine (15 ml.). The 
solution was warmed on a boiling water-bath for 5 min., cooled, and poured into ice-water 
(20 ml.). After an hour, the product was collected, triturated with cold 2N-hydrochloric acid, 
washed with water, and dried in a vacuum-desiccator. Recrystallisation of the crude product 
(0:97 g., 89%) from ethanol gave the pL-compound (0-87 g., 80%), m. p. 109—111°, raised to 
112—113° by further recrystallisation (Found: C, 58-9; H, 5-6; N, 9-4. C,,H,,N,O, requires 
C, 59-4; H, 5-6; N, 8-7%). 

(ii) The t-compound, prepared similarly, but at room temperature, in 75% yield, had m. p. 
105—107°, [a],,2* + 2-9° (c 2-0 in acetic acid) (Found: C, 58-5; H, 5-6; N, 8-8%). 

O-Acetyl-p1-seryl-glycyl-glycine (V).—O-Acetyl-N-benzyloxycarbonyl-DL-seryl-glycyl- 
glycine benzyl ester (1-9 g.) was hydrogenated over 5% palladised charcoal in 75% aqueous 
t-butyl alcohol (100 ml.). The product, isolated in the usual manner, was recrystallised from 
aqueous ethanol, affording the O-acetyl-peptide (0-75 g., 75%), m. p. 165—166° (Found: C, 41-7; 
H, 5-6; N, 15-7. C,H,,N,O, requires C, 41-4; H, 5-8; N, 16-1%). 

O-Acetylseryl-glycyl-glycine Benzyl Ester (VII).—(i) O-Acetyl-N-benzyloxycarbonyl-pL- 
seryl-glycyl-glycine benzyl ester (1-0 g.) was treated with hydrogen bromide in nitromethane 
as described for the un-acetylated compound. The product was recrystallised from ethanol— 
ether and then from nitromethane, affording the pi-ester hydrobromide (0-68 g., 77%), m. p. 
144—146° (Found: N, 10-45. C,,H,.BrN,O, requires N, 9-7%); hydrogenolysis, carried out 
as usual, gave an 83% yield of O-acetyl-pL-seryl-glycyl-glycine, chromatographically 
indistinguishable from material prepared in the alternative way. 

(ii) The t-ester hydrobromide, prepared similarly in 82% yield, was found by paper chroma- 
tography to contain a substantial amount of de-acetylated material. It was, accordingly, 
dissolved in acetic acid, and the solution was saturated with hydrogen chloride. After 24 hr. 
at room temperature, the solution was evaporated to dryness under reduced pressure and the 
evaporation thrice repeated with addition of ethanol. Trituration of the residue with light 
petroleum (b. p. 40—60°) and recrystallisation from ethanol gave a product which was 
chromatographically homogeneous. 

O-a-L-A spartyl-N-acetyl-L-seryl-glycyl-glycine (X1).—Dicyclohexylcarbodi-imide (430 mg.) 
was added to a solution of N-acetyl-t-seryl-glycyl-glycine benzyl ester (750 mg.) and 6-benzyl 
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N-benzyloxycarbonyl-t-aspartate * (760 mg.) in anhydrous pyridine (8 ml.). Next day, the 
precipitated dicyclohexylurea (400 mg., 90%) was removed and the filtrate poured into ice. 
water (100 ml.). After 3 hr. the product was collected and triturated successively with 2y- 
hydrochloric acid, 10% aqueous sodium hydrogen carbonate, and water. Recrystallisation 
of the crude product (1000 mg., 69%), m. p. 156—159°, from ethanol (75 ml.) gave N-acetyl-0- 
(N-benzyloxycarbonyl-a-L-aspartyl)-L-seryl-glycyl-glycine dibenzyl ester (VIII) (800 mg., 55%), 
m. p. 166—168°, [a),2* —27-8° (c 2-0 in dimethylformamide); the analytical sample, further 
recrystallised from acetonitrile, had m. p. 169—170° (Found: C, 60-6; H, 5-3; N, 76, 
C,;H,,N,0,, requires C, 60-9; H, 5-5; N, 81%). 

This compound (775 mg.) was hydrogenated over 5% palladised charcoal in slightly aqueous 
ethanol for 48 hr., more catalyst being added at the end of the first 24 hr. Working up as 
usual, followed by recrystallisation from aqueous ethanol, gave the required N-acetyl-tetya- 
peptide tetrahydrate (230 mg., 46%), m. p. 157—160° (decomp.), [a],2° +3-7° (¢ 3-1 in H,O) 
(Found: C, 35-0; H, 6-0; N, 12-1. C,,;H. N,O,,4H,O requires C, 34-8; H, 6-3; N, 12-5%). 

a-L-A spartyl-O-acetyl-L-seryl-glycyl-glycine (X).—O-Acetyl-L-seryl-glycyl-glycine benzyl 
ester hydrohalide (900 mg.) was condensed with §-benzyl N-benzyloxycarbonyl-L-aspartate 
(910 mg.) as described above for the N-acetyl compound. The crude product (900 mg., 74%), 
m. p. 117—120°, recrystallised from ethanol, affording N-benzyloxycarbonyl-a-L-aspartyl-0- 
acetyl-L-seryl-glycyl-glycine dibenzyl ester (IX) (550 mg., 45%), m. p. 132—134°, [a],2? —24-2° 
(c 1-2 in acetonitrile) (Found: C, 59-7; H, 5-4. C,;H,,N,0,, requires C, 60-9; H, 5-5%). 

This compound (400 mg.) was hydrogenated for 48 hr. over 5% palladised charcoal in 
aqueous methanol. The product (220 mg., 85%), isolated as usual, was a glass which did not 
crystallise; it was purified by slow evaporation of an aqueous solution, with frequent additions 
of ethanol. Two such treatments gave the chromatographically homogeneous O-acetyl-tetra- 
peptide tetrahydrate, decomp. ca. 156°, {a],,2® +11-1° (c 1-5 in H,O) (Found: C, 35-6; H, 5-9; 
N, 12-4. C,3H.)N,O,,4H,O requires C, 34-8; H, 6-3; N, 12-5%). 

Chromatographic Data.—The following Ry values are for ascending chromatograms on 
Whatman No. | filter paper. Spots were detected with ninhydrin and by the chlorine-starch- 
iodide procedure.* : 


H-Ser-Gly-Gly-OH (V) (VI) (X) (XI) 
Bu‘OH-H-CO,H-H,O (70 : 15 : 15) 0-28 0-40 0-51 0-32 
Bu"OH-AcOH-H,O (4:1 : 5) 0-22 0-32 0-40 0-25 
Phenol saturated with 10% sodium citrate 0-43 0-65 0-73 0-49 


Stability of the Acetyl-peptides.—(i) At pH 2-0. Dilute aqueous solutions of the four acetyl- 
peptides were brought to pH 2-0 with hydrochloric acid and kept at 37° for 16 hr. In each 
case, paper chromatography revealed no change. 

(ii) At pH 7-8. Dilute aqueous solutions of the four acetyl-peptides in 0-1m-phosphate 
buffer of pH 7-8 were kept at 37°; samples were removed for paper chromatography from time 
to time. No change was detected with N-acetylseryl-glycyl-glycine (up to 48 hr.) or with 
aspartyl-O-acetylseryl-glycyl-glycine (up to 16 hr.). After 9 hr., O-acetylseryl-glycyl-glycine 
had been converted almost entirely into N-acetylseryl-glycyl-glycine. Under these conditions 
O-aspartyl-N-acetylseryl-glycyl-glycine was rapidly converted into N-acetylseryl-glycyl- 
glycine and aspartic acid (Rp 0-16 in phenol saturated with 10% sodium citrate solution). 

We thank the University of Exeter for the award of an Imperial Chemical Industries Fellow- 
ship, the British Council for a travel grant and Imperial Chemical Industries Limited for 
financial assistance. 
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*4 Berger and Katchalski, J]. Amer. Chem. Soc., 1951, 73, 4084. 
25 Rydon and Smith, Nature, 1952, 169, 922. 
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667. Compounds Related to the Steroid Hormones. Part I. The 
Preparation and Reactions of Some 11-Methyl-steroids. 


By J. Evks. 


The preparation of some 118-hydroxy-1la-methyl-steroids by the action 
of methyl-lithium on the corresponding 1l-ketones is described. Some 
dihydroxy-11-ketones failed to undergo the reaction. 

36-Acetoxy-1la-methyl-5a,25p-spirostan-118-ol is dehydrated by per- 
chloric acid—acetic acid to a mixture of the 1l-methylene- and 11-methy]l- 
A%*)-compounds; only the latter results from the action of thionyl chloride— 
pyridine on the 1la-methyl-11$-hydroxy-compound. The two olefins are 
interconvertible under acid conditions, the exocyclic olefin being the more 
stable. 


Both olefins can be hydrogenated to a compound formulated as 116- 
methyltigogenin acetate. 


SEVERAL recent papers! have described the reaction of 11-oxo-steroids with methyl- 
lithium and with methylmagnesium halides, to give the 116-hydroxy-lla-methyl com- 
pounds. We now report some similar observations and the results of some dehydration 
experiments. 

11-Oxotigogenin (I), with methyl-lithium in ether—-dioxan, ether—benzene, or ether— 
tetrahydrofuran, gave in high yield a single compound, formulated as 1la-methyl-5a,25p- 
spirostan-38,118-diol (II; R =H). This configuration is assigned to the 11-substituents 
on the assumption that methyl-lithium, like lithium aluminium hydride,™ will attack 
this carbon atom from the less hindered a-side; at Cq,), where a somewhat similar steric 
situation prevails, both reagents are known to behave in this way.”»* Some additional 
evidence for formula (II) comes from dehydration and is presented below. 


CH,-OH 
| 


sidechain 
(II) 25D-spirostan (IV) 
(III) ergost-22-ene (V) 5a-H 


CH; CH,: OAc 
i Lo 
C=x <1 

° 


A 5,6 


C3 


4 (VI) H (VI) (VIII) 


An attempt to replace methyl-lithium by methylmagnesium iodide in the preparation 
of the diol (II) was unsuccessful, the starting ketone being recovered; this may be 


? (a) Ringold, Batres, and Zderic, Tetrahedron, 1958, 2, 164; (b) Fonken and Hogg, ibid., p. 365; 
(c) Wendler, Graber, and Hazen, ibid., 1958, 8, 144; (d) Fonken, J. Org. Chem., 1958, 28, 1075; (e) 
Fonken, Hogg, and McIntosh, ibid., 1959, 24, 1600. 

* Gaylord, ‘‘ Reduction with Complex Metal Hydrides,” Interscience Publ. Inc., New York, 1956, 
Pp. (a) 250, 254; (b) 257—268. 

* Kharasch and Reinmuth, “ Grignard Reactions of Nonmetallic Substances,’’ Constable, London, 
1954, rs Greenhalgh, Henbest, and Jones, J., 1951, 1190. 

P 
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attributable to the greater liability of the Grignard reagent to steric hindrance.* Simple 
androstan-1l-one derivatives have been reported to be reactive to Grignard reagents, but 
even then yields seem to be}poor.!%<¢ 

36-Hydroxy-5«-ergost-22-en-1l-one reacted similarly with methyl-lithium, to give the 
methylcarbinol (III), but when, in the hope of obtaining 11«-methyl derivatives of hydro- 
cortisone and related compounds, the 3,20-bis(ethylene ketals) (IV and V, respectively) of 
cortisone and 4,5a-dihydrocortisone were treated with the reagent, the 11-oxo-groups 
were almost wholly unaffected, even under much more vigorous conditions than were 
required with compound (I). The possibility that the 21-hydroxy-group was responsible 
for these failures “11 was excluded by the observation that 38,17«-dihydroxy-5a- 
pregnane-11,20-dione 20-ethylene ketal (VI; R = H) was similarly unreactive to methyl- 
lithium. However, 38-hydroxy-5a-pregn-16-ene-11,20-dione 20-ethylene ketal (VII; 
R! = H, R?R* = (0, X = -O-CH,°CH,"0*) [conveniently prepared by dehydration of the 
17«-hydroxy-20-ketal (VI; R= Ac) with thionyl chloride® and subsequent alkaline 
hydrolysis} reacted normally with methyl-lithium to give the 118-hydroxy-11la-methyl- 
compound (VII; R! = H, R? = Me, R® = OH, X = O-CH,°CH,°O*), which was converted 
by deketalisation and acetylation into 3$-acetoxy-118-hydroxy-11la-methyl-5«-pregn-16- 
en-20-one (VII; R!= Ac, R? = Me, R?=OH, X =O). Again, 21-acetoxypregna- 
5,16-diene-3,11,20-trione 3,20-bis(ethylene ketal) (VIII) underwent the reaction, as judged 
by the infrared spectrum of the crude product, although a pure compound was not isolated 
in this instance. 

It is not clear whether the failure of compounds (IV), (V), and (VI) to undergo reaction 
is related specifically to the presence, in them, of the 17«a-hydroxy-group or rather to the 
fact that, unlike the reactive compounds, they each have two hydroxy(or acetoxy)-groups. 
Both the Syntex #* and the Upjohn ' workers have reported that certain 11-ketones fail 
to react with methyl-lithium: the latter group have related this to ease of enolisation of 
the 11-oxo-group, but the structural factors involved rerfiain undefined. 

The stability of the 11a-methyl-118-alcohols seemed to us of some interest, and a study 
of 38-acetoxy-11«-methyl-5«,25p-spirostan-118-ol (II; R = Ac) was accordingly under- 
taken. This was stable to acetic acid even at 100°,* but addition of a trace of perchloric 
acid caused dehydration, rapid at 100°, slow at room temperature, with formation of 
11-methylenetigogenin acetate (IX) as major product. This dehydration is described in 
greater detail below. 

The presence of an exocyclic methylene group was shown by infrared bands at 3100, 
1640, and 898 cm. and by the formation of formaldehyde on ozonolysis. Proof that 
there had been no re-arrangement of the carbon skeleton came from the conversion of the 
product (IX) into 11-oxotigogenin acetate (X) by the successive action of osmium tetroxide 
and periodic acid. 

Catalytic hydrogenation of the 11-methylene compound with Adams catalyst in ethyl 
acetate-acetic acid gave a compound that we formulate as 11$-methyltigogenin acetate 
(XI) on the grounds (a) of analogy with catalytic hydrogenation of 11-oxo-steroids, which 
leads, by rear-side attack, to 118-hydroxy-compounds,® and (b) that the same compound 
is obtained by catalytic hydrogenation of the 11-methyl-A®%)-compound (XII) (see 
below). cis-Hydrogenation of the double bond being assumed, the compound must 
then be 116-methyltigogenin acetate (XI) or lla-methyl-9$-tigogenin acetate. The 


* Beyler, Hoffman, and Sarett (J. Amer. Chem. Soc., 1960, 82, 178) reported that some dehydration 
occurs during regeneration of lla-methylhydrocortisone from its 17,20:20,21-bismethylenedioxy- 
derivative by prolonged treatment with 50% acetic acid at 100°. They tentatively ascribe the 1 1-methyl- 
A*%1).structure to the product, apparently by analogy with the course of acid-catalysed dehydration of 
secondary 11f-alcohols. 


* Newman, “ Steric Effects in Organic Chemistry,”” Wiley, New York, 1956, p. 396. 

5 Allen and Bernstein, J]. Amer. Chem. Soc., 1955, 77, 1028. 

® Reichstein and his co-workers, Helv. Chim. Acta, 1943, 26, 586, 598; 1944, 27, 821; 1945, 28, 
1420; 1947, 30, 205. Herzog, Jevnik, and Hershberg, J. Amer. Chem. Soc., 1953, 75, 269. 
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latter is excluded by the formation of the compound from the 11-methylene-9«-com- 
pound (IX). , 

A Catalin model of 118-methyltigogenin acetate (XI) suggests a remarkable degree of 
crowding of the 1l-methyl by the angular methyl groups. An unusual splitting of the 
CH, band (1388 and 1378 cm.~) in the infrared spectrum of this compound may perhaps 
be a consequence of this. 

At room temperature, 3$-acetoxy-11a-methyl-5«,25p-spirostan-118-ol (II; R = Ac) 
was stable to phosphorus oxychloride in pyridine, even in the presence of a trace of phos- 
phoric acid,’ but it was rapidly dehydrated by thionyl chloride in pyridine to an olefin 
jsomeric with compound (IX). Hydrogenation of this compound was slow, and reduction 
of the double bond was accompanied by some reduction of the sapogenin side-chain; 
however, conditions were found under which a modest yield of 118-methyltigogenin 
acetate (XI) could be isolated. Hence, the olefin is a 38-acetoxy-11-methyl-5«,25p- 
spirosten, and, since the product of successive treatment with osmium tetroxide, alkali, 
and periodic acid showed ketone bands at 1720 and 1703 cm." consistent with the diketone 
(XIII), but no aldehyde bands, the double bond can be placed with some confidence at 
position 9,11 as in (XII), rather than at 11,12. 


“(X) : (XIII) 
Reagents: |, H,-Pt; 2, OsO,, then HIO,; 3, HCIO,y; 4, SOCI,-pyridine. 


To return to the perchloric acid-catalysed dehydration of the methylcarbinol (II; 
R = Ac), examination, by infrared spectroscopy and rotation, of samples withdrawn at 
intervals, suggested that the first-formed olefin mixture consisted of the exocyclic olefin 
(IX) and the endocyclic olefin (XII) in the ratio ca. 1: 1, but that this ratio changed during 
several hours at room temperature to 4:1. This somewhat unexpected observation was 
confirmed by experiments in which the pure olefins (IX) and (XII) were subjected at room 
temperature to the action of (a) perchloric acid—acetic acid, (6) hydrogen chloride in 
chloroform, or (c) formic acid—benzene. In each instance there resulted an equilibrium 
mixture, containing 75—80°%, of the exocyclic methylene compound (IX). (Prolonged 
treatment with perchloric acid at 100° led to the gradual disappearance of the exocyclic 
methylene band from the infrared spectrum: this may have been due to a more deep- 
seated re-arrangement, but it was accompanied by destruction of the sapogenin side-chain, 
and therefore no attempt was made to isolate a pure product.) 

The stability of the exocyclic olefin (IX) relative to that of the endocyclic olefin (XII) 
is at first sight surprising, since the reverse is true of monocyclic cyclohexane derivatives,® 
as also of 3-methylene-5«-cholestanes in relation to 3-methyl-5«-cholestenes.® Further, 

? Elks, Phillipps, and Wall, J., 1958, 4001. 

* Brown, Brewster, and Shechter, J]. Amer. Chem. Soc., 1954, 76, 467; Turner and Garner, ibid., 


1958, 80, 1424; Cope, Ambros, Ciganek, Howell, and Jacura, ibid., 1959, 81, 3153. 
* Beton, Halsall, Jones, and Phillips, J., 1957, 753. 
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a recent paper has described the isomerisation, by acid, of a 6-methylene-5«-steroid 
(XIV) to the 6-methyl-A®-isomer (XV). The immediate environment of the olefinic 
system in compounds (XIV) and (XV) is closely similar to that in (IX) and (XII), yet 
the former pair, unlike the latter, behaves normally in that the endocyclic olefin is the 
more stable. Part, at least, of the explanation of this difference may lie in the strong 





Me 





. CH, 
(XIV) (XV) (XVI) 


interaction between the 11-methyl group and the C;,,-methylene group in the endocyelic 
olefin (XII): a similar explanation has been given for the instability of the system (XVI) in 
pentacyclic triterpene derivatives.® 

In 1-methylcyclohexanol derivatives of fixed conformation, the direction of elimination 
of the hydroxyl group with phosphorus oxychloride—pyridine depends upon its configuration: 
an axial hydroxyl group is eliminated exclusively with an axial hydrogen attached to a 
neighbouring ring carbon atom, to give the endocyclic olefin. On the other hand, 
equatorial hydroxy-groups cannot achieve the necessary co-planarity with the other 
reacting centres to yield the endocyclic compound, and they are instead eliminated with 
a methyl-hydrogen atom, to give the methylene compound.®"!2, The endocyclic olefin 
(XII) is formed by the action of thionyl chloride—pyridine on our 11-hydroxy-11-methyl- 
compound; if thionyl chloride can be equated with phosphorus oxychloride in this context, 
the reaction can be taken as support for the structuré (II), with its axial 118-hydroxy- 
group. 

EXPERIMENTAL 


M. p.s were measured on a Kofler block. Unless otherwise stated, chloroform was used as 
solvent for rotation measurements, and ethanol for ultraviolet spectra. Infrared spectra were 
recorded on a Perkin-Elmer Model 21 spectrophotometer with rock-salt optics. 

38-A cetoxy-1la-methyl-5a,25p-spirostan-118-ol (II; R = Ac).—(a) Preparation in ether- 
dioxan. Methyl-lithium was prepared from lithium (0-84 g., 0-12 g.-atom) in ether (80 ml.) with 
methyl iodide (8-52 g., 0-06 mole) in ether (60 ml.).14% This and all other operations with 
methyl-lithium were carried out under nitrogen. A solution of 1l-oxotigogenin (4-30 g., 0-01 
mole) in pure dry dioxan (200 ml.) was added, with stirring, during 5—10 min.; a white solid 
separated during the addition. Ether was distilled off until the internal temperature reached 
63°, and the mixture was kept at 60—65° and stirred for a further 5 hr. After being left over- 
night at room temperature, the mixture was treated cautiously with water and then, after the 
unchanged lithium had dissolved, with a large volume of water. The precipitated solid (4-41 g.) 
was filtered off, washed with water, and dried; its infrared spectrum showed that it contained 
only a trace of ketonic material. Crystallisation from aqueous ethanol gave 1la-methyl-5a,25p- 
spirostan-38,118-diol (I1; R = H) as fine needles, m. p. 218—221°. For analysis it was dried 
at 100°/0-05 mm. (Found: C, 75-7; H, 10-3. C,,H,,O, requires C, 75-3; H, 10-4%). It had 
[ai],, —58° (c 0-86), Vmax. (in Nujol) 3620 and 3440 (OH), 980, 920, and 896 cm. (25p-spirostan). 

The crude diol (4-4 g.) was acetylated by treatment overnight at room temperature with 
pyridine (25 ml.) and acetic anhydride (25 ml.). The mixture, which contained crystals, was 
poured on ice and the solid was filtered off, washed with water, and dried. Crystallisation from 
acetone gave 38-acetoxy-1la-methyl-5a,25D-spirostan-118-ol (II; R = Ac) as an acetone solvate 


10 Beal, Rebenstorf, and Pike, ].Amer. Chem. Soc., 1959, 81, 1231. 

11 Barton, Campos-Neves, and Cookson, /., 1956, 3500. 

18 Clinton, Christiansen, Neumann, and Laskowski, J]. Amer. Chem. Soc., 1958, 80, 3389; Corey and 
Sauers, ibid., 1957, 79, 3925. 

18 Gilman, Zoellner and Selby, J. Amer. Chem. Soc., 1933, 55, 1252. 
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(3-67 g.), which lost solvent at ca. 140° and melted at 201°. A second crop (0-87 g., total yield, 
83%) had similar properties; the analytical specimen of the solvate, m. p. 197—200° after loss 
of solvent at 140°, was dried in vacuo over silica gel (Found: C, 72-35; H, 9-8. C39H,4,O;,C,;H,O 
requires C, 72°5; H, 10-0%) and had vmx, (in CS,) 3620 (OH), 1734 and 1240 (OAc), 1720, 1360, 
and i214 (acetone), 980, 920, and 898 cm. (25p-spirostan). In CCl, the band at 1380 cm. was 
enhanced, consonantly with the presence of a new methyl group. 

The solvate was unchanged after being heated at 100°/0-05 mm. for 90 minutes, but it lost 
its solvent at 130—140°/0-05 mm. in 4 hr. It then melted at 197—200° without preliminary 
change and had [aj, —61° (c 0-83) (Found: C, 73-9; H, 9-7. Cg9H,.O,; requires C, 73-7; 
H, 9-9%). 

(b) . in ether—benzene. Methyl-lithium was prepared from lithium (3-1 g., 0-44 
g.-atom) and methyl iodide (28-4 g., 0-2 mole) in ether (150 ml.). 11-Oxotigogenin (21-5 g., 
0-05 mole) in benzene (550 ml.) was added and the mixture was stirred and boiled under reflux 
for 5 hr., left overnight at room temperature, and treated with water. Addition of ethyl 
acetate gave a clear upper layer, which was separated, washed with very dilute hydrochloric 
acid and water, and dried. The solution was evaporated to dryness and the residue was 
acetylated as in (a) and crystallised from acetone. The desolvated product (18-5 g., 76%) 
melted at 196—198°. 

(c) Preparation in ether-tetrahydrofuran. Methyl-lithium was prepared from lithium 
(0-14 g., 0-02 g.-atom) in ether (15 ml.) with methyl iodide (1-42 g., 0-01 mole) in ether (10 ml.). 
A solution of 11-oxotigogenin (0-86 g., 0-002 mole) in tetrahydrofuran (freshly distilled from 
phenylmagnesium bromide; 50 ml.) was added and the mixture was stirred and boiled under 
reflux for 5 hr. The solution remained clear, apart from the separation of a little gelatinous” 
material; the internal temperature rose gradually from 54° to 70°. After being left overnight 
at room temperature, the mixture was worked up as in (a), to give 0-89 g. of crude diol. Acetyl- 
ation and crystallisation from acetone gave the monoacetate acetone solvate (0-77 g., 70-5%). 

38-A cetoxy-1la-methylergost-22-en-118-ol (III; R = Ac).—38$-Hydroxyergost-22-en-1l-one 
(0-41 g., 0-001 mole) in benzene (50 ml.) was added to a 0-95Nn-solution of methyl-lithium in 
ether (6 ml.), and the mixture was stirred and refluxed for 5 hr. The mixture was left over- 
night at room temperature and was then worked up in the usual way. The crude product was 
a gum, whose infrared spectrum showed the absence of ketone. Acetylation overnight at room 
temperature with acetic anhydride (3 ml.) and pyridine (3 ml.), and isolation with ether, gave 
a solid, m. p. 174—189°, which was crystallised from ethanol to give 38-acetoxy-1la-methyl- 
ergost-22-en-118-ol as prisms, m. p. 195—201°, which effloresced on being dried at 120°/0-1 mm. 
for 4hr. (Found: C, 78-9; H, 10-9. C;,H;,0, requires C, 78-8; H, 11-1%), and had [a],, —15-1° 
(¢ 1-1), Vmax, (in CS,) 3620 (OH), 1734 and 1242 (OAc) and 970 cm." (trans--CH=CH?). 

38-Hydroxy-5a-pregn-16-ene-11,20-dione 20-Ethylene Ketal (VII; R!=H, R?*R* = <0, 
X = -0-CH,°CH,*O-).—38-Acetoxy-17«-hydroxy-5a-pregnane-11,20-dione 20-ethylene ketal? 
(5-05 g.) in pyridine (100 ml.) was cooied to —20° and treated with thionyl chloride (20 ml.), 
added gradually with swirling. The mixture was allowed to come to 0° and then left overnight 
in the refrigerator. The dark liquid was poured on ice and an excess of 2N-sodium hydroxide. 
The mixture was extracted with ether, and the extract was washed with water, dried, and 
evaporated. The residue was boiled under reflux for 1 hr. with sodium hydroxide (5 g.) in 
water (5 ml.) and methanol (150 ml.)._ Most of the solvent was distilled off and the residue was 
diluted with water. The precipitated solid crystallised from aqueous methanol containing a 
trace of sodium hydroxide to give the ketal (2-96 g.), as a solvate, m. p. ca. 100°, then, after 
resolidification, 148—154°. Crystallisation from aqueous acetone gave material with m. p. 
113—115° and 154—156°. After being dried at 130°/0-05 mm. for 6 hr., the compound had 
m. p. 154—155°, [a], +50° (c 0-87). 

This substance has previously been reported as having m. p. 112—115° for the solvate and 
m. p. 150—155° for the anhydrous material.’ 

Reaction of 38-Hydroxy-5a-pregn-16-ene-11,20-dione 20-Ethylene Ketal with Methyl-lithium.— 
Methyl-lithium was prepared from lithium (0-14 g., 0-02 g.-atom) in ether (10 ml.) with methyl 
iodide (1-42 g., 0-01 mole) in ether (10 ml.). A solution of the steroid (0-37 g., 0-001 mole) in 
benzene (40 ml.) was added and the cloudy mixture was stirred and refluxed for 5 hr. (internal 
temperature 70°) and then left at room temperature overnight. The usual isolation procedure 
gave a white froth (0-44 g.) whose infrared spectrum showed only traces of ketone. 

The product was refluxed with methanol (20 ml.), acetic acid (5 ml.), and water (5 ml.) for 
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lhr. Most of the solvent was removed in vacuo and the product was isolated with ether. The 
crude residue was treated overnight at room temperature with acetic anhydride (3 ml.) ang 
pyridine (3 ml.), and the acetate (0-29 g.) was isolated with ether. Crystallisation from aqueous 
methanol gave 3f-acetoxy-118-hydroxy-1la-methyl-5a-pregn-16-en-20-one (VII; R! = Ac, R?= 
Me, R* = OH, X = ‘O) (0-16 g., 42%) as needles, m. p. 189—197°. Further crystallisation 
from methanol gave cubes, m. p. 197-5—201°, [a],, +38-6° (c 1-04) (Found: C, 73-85; H, 94 
CygH gO, requires C, 74:2; H, 9-3%), Amax, 239 my (ce 8800), vnax, (in CS,) 3620 (OH), 1732 ang 
1242 (OAc), 1668 and 820 cm. (conjugated C=O). 

When the proportion of methyl-lithium was increased by 50%, and the reaction time was 
extended to 6 hr. the product of this reaction, crystallised from aqueous methanol con- 
taining a trace of sodium hydroxide, gave 36,118-dihydroxy-1la-methyl-5a-pregn-16-en-20-one 
ethylene ketal (VII; R! = H, R*? = Me, R* = OH, X = *O-CH,°CH,°O*) as needles, m. p. 178— 
182-5°, in 69% yield. Further crystallisation gave material melting constantly at 186—187°, 
[a], +8° (c 0-95) (Found: C, 74:3; H, 9-8. C,,H,,O, requires C, 73-8; H, 9-8%), vmax. (in Nujol) 
3400 (OH), 1614 (trisubstituted C=C) and 1195, 1110, and 1048 cm. (ketal). 

Reaction of 21-Acetoxypregna-5,16-diene-3,11,20-trione 3,20-Bis(ethylene Ketal) (VIII) with 
Methyl-lithium.—The steroid 5 (0-236 g., 5 x 104 mole) in benzene (40 ml.) was added to an 
ethereal solution of methyl-lithium prepared from lithium (0-14 g.) and methyl iodide (1-42 g) 
in ether (20 ml.). The mixture was stirred and refluxed for 5 hr. and left overnight at room 
temperature. The product, worked up in the usual way, was a gum (0-24 g.), whose infrared 
spectrum indicated about 25% of unchanged 11-ketone. The material was acetylated at room 
temperature to give a gum, which resisted crystallisation. 

11-Methylenetigogenin Acetate (IX).—{a) Dehydration at 100°. 38-Acetoxy-11«-methyl- 
5a,25p-spirostan-116-ol (2-0 g.) in acetic acid (180 ml.) was heated to ca. 100° on the water-bath. 
A solution of 60% aqueous perchloric acid (1-0 mJ.) in acetic acid (20 ml.), also at 100°, was 
added, the mixture was left on the water-bath for 3 min., then poured into water (ca. 1 1.), and 
the solid was filtered off, washed with water, and dried. Crystallisation from methanol gave 
the 1l-methylene compound (1-0 g., 52%) as needles, m. p. 177—180°. A second crop appeared 
to be a mixture of the 1l-methylene compound and.the 11l-methyl-A®-isomer. Further 
crystallisation of the first crop from methanol gave needles, m. p. 178-5—181°, [a], —66° 
(c 0-69), [a],, —55° (c 1-13 in acetic acid) (Found: C, 76-6; H, 10-0. Cy9H,4.O, requires C, 76-55; 
H, 985%), Vmax. (in CS,) 3100, 1640, and 898 (~CH,), 1735 and 1242 (OAc), 980, 920, and 898 
cm." (25p-spirostan). The intensity of the band at 898 cm. was consistent with its being 
contributed by both the methylene and the spirostan group. The olefin gave a very pale 
yellow colour with tetranitromethane in chloroform. 

(b) Dehydration at room temperature. 36-Acetoxy-1la-methyl-5a,25p-spirostan-116-0l 
(2-0 g.) was dissolved in warm acetic acid (200 ml.), the solution was cooled to room temperature, 
and 60% aqueous perchloric acid (1 ml.) was added. A portion was transferred to a 1 dm. 
polarimeter tube and readings were taken at intervals, as shown in the Table. After 29 hours, 
the solution was poured into water and the product was worked up as in (a), to give 1-10 g. 
(57%) of needles, m. p. 181—184°, [a],, —67-5° (c 1-16). 

Time (hr.) 0-08 0-17 0-25 0-33 0-58 * 1-08 

—0-40° —0-34° —0-32° —0-32° —0-33° —0-34° 


a 
% of (IX) t¢ 57 59 
Time (hr.) 3-5 5-25 7-75 23 29 
a —0-38° —0-39° —0-42° —0-45° —0-45° 
% of (IX) ft 67-5 70 77-5 84 84 

* Dehydration was complete about this time, according to infrared spectra. + Based on assump- 
tion that product was simple mixture of (IX) and (XII) (see below). 


Concentration of the mother-liquors gave 0-37 g. of material, m. p. 120—165°. Equili- 
bration of this material with 60% perchloric acid (0-175 ml.) in acetic acid (35 ml.) at room 
temperature for 24 hr. and subsequent crystallisation gave a further 0-23 g. (12%) of 11-methyl- 
enetigogenin acetate, m. p. 180-5—183°. 

Ozonolysis of 11-Methylenetigogenin Acetate (With Dr. P. J. May).—The steroid (196 mg.) in 
methylene chloride (20 ml.) was treated for 15 min. between —15° and —10°, with ozonised 
oxygen (0-55 mmol. of ozone per min.). The water (10 ml.) in the outlet trap was added, and 
after 1 hr., the mixture was slowly distilled into methanol (5 ml.) containing dimedone (123 mg.). 
The mixture was shaken for 2 days, the organic solvents were boiled off on the water-bath, and 





(1960) Steroid Hormones. Part I. 3339 


the aqueous residue was cooled to 0°. Formaldehyde dimedone derivative, m. p. 189—190°, 
was collected in 46-8% yield; a second crop brought the yield to 48-5%. ‘ 

Conversion of 11-Methylenetigogenin Acetate into 11-Oxotigogenin Acetate-——A solution of 
1l-methylenetigogenin acetate (0-5 g.) in dioxan (10 ml.) was treated with osmium tetroxide 
(0-45 g.) in dioxan (9 ml.) and the mixture was left in the dark at room temperature for 44 days. 
Hydrogen sulphide was passed through the mixture until precipitation was complete and the 
solid was filtered off and washed with dioxan. The combined filtrate and washings were 
evaporated to small bulk and diluted with water. The precipitated crude 36-acetoxy-116- 
hydroxymethyl-5«,25p-spirostan-11la-ol (0-33 g.) was dried. This material (100 mg.) in dioxan 
(15 ml.) was treated with periodic acid (125 mg.) in water (1 ml.). The solution was left at 
room temperature for 48 hr., then diluted with water and extracted with ether. The extract 
was washed with sodium hydrogen carbonate solution and water, dried (MgSO,), and evaporated. 
The residue, in 1: 1 hexane—benzene, was chromatographed on alumina (B.D.H. Brockmann 
I; 5g.). Benzene and 19: 1 benzene-ether eluted crystalline fractions which, on crystallisation 
from aqueous methanol and then from hexane, gave 1l-oxotigogenin acetate (16-5 mg.) as 
needles, m. p. 221—223°, [a],, —39-1° (c 0-82), identified by mixed m. p. and infrared spectra. 

Hydrogenation of 11-Methylenetigogenin Acetate——Adams catalyst (50 mg.) in ethyl acetate 
(10 ml.) was reduced in hydrogen at room temperature and pressure. A solution of 11-methyl- 
enetigogenin acetate (0-47 g.) in ethyl acetate (30 ml.) and acetic acid (5 ml.) was added and the 
mixture was shaken in hydrogen. Uptake was complete in ca. 80 min. The catalyst was 
filtered off and the filtrate was evaporated to dryness. Crystallisation of the residue from 
ethanol gave 116-methyltigogenin acetate (XI) as needles (0-34 g., 72%), m. p. 187—190°. After 
further crystallisation from ethanol, the compound had m. p. 193—195°, [a], —64° (c 0-79) 
(Found: C, 76-3; H, 10-3. Cy9H4,Q, requires C, 76-2; H, 10-2%), vmax. (in CS,) 1734 and 1240 
(OAc), 980, 920, and 898 cm. (25p-spirostan). In CCl, there were also bands at 1388, 1378, 
and 1367 cm.?. 

With palladised charcoal or Adams catalyst in pure ethyl acetate, the hydrogenation was 
slow and incomplete. 

38-A cetoxy-11-methyl-5a,25p-spirost-9(11)-en (XII).—A solution of 36-acetoxy-1la-methyl- 
5a,25p-spirostan-118-ol (3-6 g.) in pyridine (180 ml.) was cooled to — 20° and treated gradually 
with thionyl chloride (3-6 ml.). The solution was allowed to come to 0°, then left at this tem- 
perature for 75 min. The dark solution was poured into water (1800 ml.) and the solid was 
filtered off, washed with water, dried, and crystallised from methanol. After being dried at 
100°/0-1 mm. the 11-methyl-A®-compound (2-58 g:, 74%) had m. p. 140—143°. The compound 
behaved erratically on crystallisation, probably owing to polymorphism: the m. p. alternated 
between ca. 142° and 147°, and the crystal form between prisms and needles, although there was 
no apparent correspondence between crystal form and m. p. The crystals were solvated and 
melted partly at ca. 80° before losing solvent, resolidifying and remelting at the higher tem- 
perature. An analytical specimen, dried at 100—110°/0-05 mm., melted almost completely 
at 141—142°, a few crystals remaining to 147°; it had [a], —11° (c 0-93), —6° (c 0-92 in acetic 
acid) (Found: C, 76-7; H, 9-8. Cy 9H,,O, requires C, 76-55; H, 9-85%), vmax, (in CS,) 1735 and 
1242 (OAc), 980, 920, and 898 cm."! (25p-spirostan). It gave a strong yellow-brown colour with 
tetranitromethane in chloroform. 

Hydrogenation of 38-Acetoxy-11-methyl-5«,25p-spirost-9(11)-en.—Adams catalyst (300 mg.) 
in ethyl acetate (15 ml.) and acetic acid (15 ml.) was reduced in hydrogen. The steroid (0-705 g.) 
in ethyl acetate (22-5 ml.) and acetic acid (22-5 ml.) was added and the hydrogenation was 
continued. After 55 min., 54-8 ml. of hydrogen had been taken up (calc. for 1 mol.: 36-6 ml.) 
and reduction had become slow. The catalyst was filtered off, the filtrate was evaporated to 
dryness, and the residue was chromatographed in 1: 1 hexane—benzene on alumina (neutral; 
Brockmann Grade I; 20 g.). Hexane—benzene (1: 1) and benzene eluted 410 mg. of material 
which was crystallised from methanol to give 11$-methyltigogenin acetate (XI) as needles 
(300 mg., 43%), m. p. 184—186°. Further crystallisation from ethanol gave material with 
m. p. 192—195-5°, [a],, —63° (c 1-01), identified by mixed m. p. and infrared spectrum with 
material prepared as described above. 

In another experiment, the hydrogenation was taken slightly further (20-3 ml. uptake; 
calc. 12-1 ml.). Chromatography gave, in addition to 11$-methyltigogenin acetate, a fraction 


™ Barton and Elad, /., 1956, 2085. 
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eluted by benzene-ether, which was not crystalline but whose infrared spectrum suggested that 
it was probably essentially dihydro-118-methyltigogenin 3-acetate. 

Treatment of 38-Acetoxy-11~-methyl-5«,25D-spirost-9(11)-en successively with Osmium Tetroxide 
and Periodic Acid.—The steroid (0-5 g.) was treated with osmium tetroxide (0-5 g.) in dioxan 
as described above for the 1l-methylene isomer. The crude 38-acetoxy-11$-methyl-5«,25p. 
spirostan-9a,lla-diol (0-14 g.), isolated with methylene chloride, was a gum. This crude 
material was refluxed for 2 hr. with 40% aqueous sodium hydroxide (1 ml.) and ethanol (10 m1), 
The crude triol, isolated with ether, was dissolved in dioxan (15 ml.) and treated with periodic 
acid (125 mg.) in water (1 ml.) After 2 days, the product was isolated with ether as a gum 
(129 mg.). The infrared spectrum in carbon disulphide showed bands at 3620 (OH) and at 
1720 and 1703 cm. (ketone). There was no indication of an aldehyde band, but a weak band 
at 1356 cm. may have been associated with a methyl ketone grouping. 

Acid-catalysed Equilibrium between 11-Methylenetigogenin Acetate (IX) and 36-Acetoxy-ll- 
methyl-5a,25p-spirost-9(11)-en (XII).—(a) With hydrogen chloride in chloroform. ‘The steroid 
(100 mg.) was dissolved in chloroform (10 ml.) and a slow stream of dry hydrogen chloride was 
passed in for 6 hr. The solution was left for a further 16 hr. and then washed with sodium 
hydrogen carbonate solution and water, dried (MgSO,), and evaporated to dryness. The 
infrared spectra of the products from both of the isomers were similar and indicated the presence 
of ca. 80% of exocyclic methylene. 

Reacetylation of the mixture originating from the 1l-methyl-A®-compound with acetic 
anhydride—pyridine at room temperature, and crystallisation from methanol, gave the pure 
11-methylenetigogenin acetate, m. p. 181—183°, [aJ,, —67° (c 1-16). 

(b) With formic acid. The steroid (100 mg.) in benzene (6 ml.) was shaken with 98—100% 
formic acid (10 ml.) for 7 days. Water was added, the benzene layer was separated, the aqueous 
layer was extracted with benzene, and the combined benzene solutions were washed with 
sodium hydrogen carbonate solution and water, dried (MgSO,), and evaporated. The products 
from the two materials were virtually identical in infrared spectra and in rotation ({«],, —52-5° 
and —54°), both indicating the presence of ca. 75% exocyclic methylene compound. 

Crystallisation of the product from the 1l-methyl-A*-isomer gave the pure 11-methyl- 
enetigogenin acetate, m. p. 180—181-5°. 

(c) With perchloric acid. 38-Acetoxy-11-methyl-5«,25p-spirost-9(11)-en (100 mg.) in 
acetic acid (10 ml.) was treated with 60% perchloric acid (0-05 ml.). The specific rotation 
dropped from —6° to —46° (equiv. to 81-5% of 11-methylenetigogenin acetate) within 21-5 hr. 
The solution was poured into water, and the precipitated solid was crystallised from methanol, 
to give 1l-methylenetigogenin acetate (44% yield), m. p. 179—182°. 


The author is indebted to Dr. J. E. Page for interpreting the infrared spectra. 


Giaxo LaBorRaATOoRIES LTD., GREENFORD, MIDDLESEX. [Received, February 22nd, 1960.} 





668. Molecular Rearrangement of Tertiary Amines. Part I. 


By W. F. Cocksurn, R. A. W. JOHNSTONE, and T. S. STEVENS. 


It is shown that under rather energetic alkaline conditions, certain 
tertiary amines of the type R-CO-CH,*NArR’ rearrange to secondary amines, 
R-CO-CHR”*NHAr. 


It has been shown ! that molecular rearrangement such as (i) is a fairly general reaction, 
depending on the acidity of the proton to be removed in the first stage and 


- + 
[Ph*CO*CHg*NMeg*CH,Ph]*OH- === Ph*CO*CH-NMe,°CH,Ph ae eee 
2 2g 


Y 


Ph*CO*CH(NMe,)*CH4Ph 





1 Stevens ef al., J., 1928, 3193, and later papers. 
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on the nature of the migrating radical, usually benzyl or allyl in type. An 


1 . 2 
analogous rearrangement of a tertiary amine, R'CH,-NR*R® —> R'-CH-NR?R’ —> 
3 


R“CHR*NR? —> R'“CHR*-NHR?2, would be expected to be less easy, first, because of 
the lower acidity of the proton to be extracted at stage 1, and secondly because the decisive 
stage 2 involves the passage of the nitrogen atom from the stable neutral tercovalent state 
to that of bicovalency with an anionic charge. In the case first chosen for study, the 
second disadvantage was mitigated by the attachment of a phenyl group to the nitrogen 
atom, and rearrangement of the compound (I) was in fact effected: 


(I) Ph*CO*CHy*NPh*CH,Ph ——t> Ph*CO*CH(NHPh)CH,Ph (II) 


The product (II), of well-established constitution,? was obtained in a yield of over 40% 
by use of potassium hydroxide at 150°; it was accompanied by smaller amounts of benzoic 
acid, benzylaniline, aniline, and phenethyl phenyl ketone. Similar yields of compound 
(II) were obtained when the reaction was carried out in emulsion in diphenyl ether, with 
potassium hydroxide in less than an equivalent amount of phenol, or when the base (I) was 
fused with sodamide. The rearrangement could not be effected in a homogeneous medium 
so as to permit kinetic study: potassium hydroxide in ethylene glycol or in cyclohexanol, 
or sodium methoxide or sodium pentyl oxide in the corresponding alcohol gave benzyl- 
aniline in quantity, but not the amine (II). The use of acetaldehyde dibutyl acetal ? as a 
solvent led to separation of potassium hydroxide and only a small yield of compound (IT). 

The effect of structural changes in the amine was investigated with the results shown in 
the Table. In cases B and C the small yield of rearranged base was accounted for, at least 


Yield (mols. %) from compound * 
Product B Cc D E F G H 


R-CO-CHR’*NHAr 43 >3 10 30 —_ 60 10 10—15 
17 5 — 
22¢ 40° 


omens ome om ~l1> 
+¢* 4° 2 + 
2—3¢ bites +¢ neat + +4 e 
259 30—40* +4 — — +4 


(Femcnaet my 
150° 150° 150° 150° - 140° —s-:150°—s:1100°—ss«150°~—s- 100°: 100°; 140° 
Time (min.) 120 120 120 120 15 120 240 30 240 180 90 
* A, Ph-CO-CH,°NPh:-CH,Ph; B, Ph:CO-CH,*N(C,H,°OMe)-CH,Ph; 
C, Ph-CO-CH,*N(C,H,Ph)-CH,Ph; D, Ph-CO-CH,°*NPh-CH,°C,H,Ph; 
E, Ph-CO-CH,*NPh-CH,°C,H,°NO,; F, CMe,-CO-CH,*NPh-CH,Ph; 
G, Ph-CO-CH,*NPh-CHMePh; H, Ph-CO-CH,*NPh’CH,°CH:CH,; 
I, Ph-CO-CH,*NPh-CHPh,; J, Ph-CO-CH,’NPh,. 
Identification: * mixed m. p.; semicarbazone, m. p. 143°; * see experimental part; ¢ mixed m. p.; 
* benzoyl derivative (mixed m. p.); hydrochloride, m. p. 198°; ¢m. p. 54°; ‘ benzeneazo-f-naphthol 
(mixed m. p.); # mixed m. p.; methoxybenzeneazo-f-naphthol, m. p. 138°; * mixed m. p.; benzoyl 
derivative, m. p. 234°; * benzanilide (mixed m. p.); 4 purple colour with hypochlorite. 


in part, by its limited stability under the conditions of reaction. Independent experiments 
suggest course (ii) for this decomposition. This scheme is supported by the isolation 


Fs 9 mnie NH,R + Ph*CO*CH Redn.  Ph*CO-CH, 
—— 


—- > 
CH,Ph | CHPh CH,Ph 


Ph*CO*CHs Oxidn. 
+ OCHPh ——s HO*COPh 


of benzoic acid in case F. It is perhaps not surprising that compound E, containing a 
nitro-group, gave only decomposition products; it appeared to be decomposed even by 
dilute aqueous alkali. The failure of an aryl group to migrate in case J conforms with 


* McGeoch and Stevens, J., 1935, 1032. 
* Weizmann, Bergmann, and Sulzbacher, J. Org. Chem., 1950, 15, 918. 








3342 Cockburn, Johnstone, and Stevens: 


experience with quaternary ammonium compounds. Example I is based on a single 
experiment on difficulty accessible material. 

In each experiment a strong smell of isocyanide was evident when the tertiary amine 
was ground with potassium hydroxide. Following Wedekind and Bruch,* who made 
similar observations, we formulate the change as: 


Ph*CO*CH,*NPh*CH,Ph ——B> Ph*CO*CH=NPh + CH,Ph 


LOH 
Ph*CO-}-C=NPh ——t Ph*CHO + PhNC 


The required tertiary amines were prepared by interaction of the appropriate bromo- 
ketone and secondary amine in presence of sodium hydrogen carbonate. The products 
of rearrangement (II and its analogues) were usually identified by synthesis from an aryl- 
amine and the related bromo-ketone, e.g., PheCO*CHBr-CH,Ph. 

An independent synthesis of the product in case F could not be effected. While 
hydrogenation of t-butyl styryl ketone was unselective, t-butyl phenethyl ketone was 
obtained by direct benzylation of t-butyl methyl ketone. Treatment of the bromo- 
derivative of this ketone gave in place of the expected C,,H,,ON an anomalous product 
C,gH,;ON whose infrared absorption showed the presence of anilino- and hydroxyl groups, 
but not of carbonyl. The product of rearrangement had the normal analysis and 
absorption, and on reduction gave aniline and t-butyl phenethyl ketone, so that its con- 
stitution is not in doubt. 

Case G is complicated by possible diastereoisomerism in the product and in the 
precursor in its synthesis. The known 1-bromo-2-phenylpropyl phenyl ketone in reaction 
with aniline and sodium hydrogen carbonate gave much of an isomeric bromo-compound, 
believed to be the diastereoisomer produced by inversion at the carbon atom carrying 
bromine. The weakly basic material produced at the same time was oily and no doubt a 
mixture of stereoisomers; on submission to alkaline treatment approximating to that used 
in the rearrangement it yielded a substantial quantity of solid base identical with the 
rearrangement product; this solid appears to be the predominant form after alkali- 
promoted epimerisation of the mixed stereoisomerides. 

In case H, owing to rapid spontaneous resinification, the products were hydrogenated 
at once, and the resulting l-anilinobutyl phenyl ketone was identified by synthesis in the 
usual way. Here acetophenone was also formed as a by-product in the rearrangement. 


EXPERIMENTAL 
Ligroin had b. p. 60—80°. 


Preparation of Secondary Bases.—N-Benzyl-p-anisidine was prepared (50%) by adding 
benzyl chloride (20 g.) to p-anisidine (25 g.) and sodium hydrogen carbonate (50 g.) in ethanol 
(60 ml.) with stirring at 50—60° and refluxing for lhr. It had b. p. 213—225°/20 mm., m. p. 50° 
after crystallisation from ligroin (lit.,5 52°). N-Benzyl-4-biphenylylamine, prepared in the 
same way, had m. p. 98° (Found: N, 5-4. Calc. for CjgH,,N: N, 5-4%) (with a by-product, 
presumably NWN-dibenzyl-4-biphenylylamine). It was obtained almost quantitatively by 
catalytic reduction of benzylidene-4-biphenylylamine.® 

40% Aqueous formaldehyde (100 ml.) and p-phenylbenzaldehyde ’? (182 g.) in methanol 
(700 ml.) were stirred during addition of sodium hydroxide (120 g.) in water (120 ml.) at 65— 
75°. After 40 min. at 75°, the mixture was boiled for 20 min. and diluted with water, the oil 
separated, and the aqueous layer extracted with ether. The oil and the ethereal extract were 
combined and dried, the ether removed, and the residue heated with phthalic anhydride (150 g.) 
at 115—120° for 1 hr. with stirring. The hydrogen phthalate, separated by means of sodium 
hydrogen carbonate, crystallised from benzene-ligroin in prisms, m. p. 121—123° (Found: C, 


* Wedekind and Bruch, Amnalen, 1929, 471, 83. 

5 Fréhlich and Wedekind, Ber., 1907, 40, 1010. 

® Bell and Kenyon, J., 1926, 2707; Bauer, Cymerman, and Sheldon, /., 1951, 2344. 
7 Hey, J., 1931, 2476. 
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75-6; H, 4:8. C,,H,.O, requires C, 75-9; H, 4:8%); refluxing for 30 min. with dilute alkali 
liberated 4-biphenylylmethanol, m. p. 98—100° (lit.,2 101—102°). The alcohol (2 g.) was 
refluxed with 50% hydrobromic acid (7-2 g.) for 2 hr. and the crude bicarbonate-washed and 
dried bromide was dissolved in benzene with aniline (4 ml.). After 18 hr. N-(4-biphenylyl- 
methyl)aniline was separated through its hydrochloride (sparingly soluble in 8N-hydrochloric 
acid); crystallised from ethanol, it had m. p. 86—88° (Found: C, 87-3; H, 6-6; N, 5-8. 
C,sH,,N requires C, 88-0; H, 6-6; H, 5-4%). The same base was prepared by hydrogenation 
of N-4-biphenylylmethyleneaniline in ethyl acetate, satisfactorily over palladium—charcoal but 
not over platinic oxide. 

N-4-Nitrobenzylaniline * and N-«-methylbenzylaniline !° were prepared by known methods; 
the latter crystallised from ethanol as needles, m. p. 27—28°. N-Allylaniline, prepared by 
adding allyl bromide (60 g.) during $ hr. to aniline (200 ml.), sodium hydrogen carbonate (126 g.), 
and water (50 ml.) stirred on the steam-bath under reflux, boiled at 102—110°/15 mm. Busch 
and Rinck’s method " for the preparation of N-diphenylmethylaniline was inferior in our hands 
to the reaction of benzylideneaniline with phenyl-lithium (1-33 mols.) in ether. After 1 hr. at 
reflux, the base was precipitated as hydrochloride, m. p. 199°, with 4N-hydrochloric acid. The 
distilled free base solidified slowly and crystallised, reluctantly, from ethanol in rectangular 
plates, m. p. 55—56°. 

Preparation of Tertiary Bases.—Phenacyl bromide (1 mol.) and N-benzylaniline (2 mols.) 
were dissolved in benzene. After several days the solid benzylaniline hydrobromide was 
removed, and the benzene evaporated; the residue afforded thick, pale yellow needles, from 
ethanol, of N-benzyl-N-phenacylaniline, m. p. 107—108° (Found: C, 83-8; H, 6-4. C,,H,,ON 
requires C, 83-7; H, 6-4%). Bauer and Bihler,!* who obtained apparently the same com- 
pound in a similar manner, described it as 1-benzyl-3-phenylindole, C,,H,,N. It was produced 
in better yield 1* by refluxing phenacyl bromide (1 mol.) with N-benzylaniline (1 mol.) and 
sodium hydrogen carbonate (3 mols.) in ethanol for 3—4 hr. The filtered solution deposited 
benzylphenacylaniline (57%) in needles, m. p. 109°. These were interconvertible with the 
denser material of lower m. p. obtained by the other procedure, and the compound appears 
to be dimorphous. The pale yellow compounds listed in the annexed Table were prepared 


Found (%) Required (%) 
Case Form Solvent * M. p. " H N Formula Cc H N 
B Needles Lig 98—99° 79-7 6-4 4:3 C,.H,,O,.N 79:7 6-4 4-2 
ce Prisms EtOH 110—112 859 61 3-4 C,,H,,ON 85:9 61 3-7 
De Plates EtOH 126—128 855 61 3:7 C,,H,,ON 859 61 3-7 
E Plates Lig 143 724 52 79 C,,H,O,N, 728 5-2 8-1 
Fe Octahedra? Et,O-Lig 97—99 81-1 82 4:7 C,H,,ON 81-1 82 5-0 
Ge Rhombs Lig 127 83-6 6-5 — C,,H,,ON 83-8 6-7 — 
H/ Needles EtOH 91 81-7 68 5-8 C,,H,,ON 813 68 5-6 
I Needles EtOH-Lig 148—149 861 6-0 3-9 C,,H,,ON 85-9 6-1 3-7 
jy’ Flakes * Lig 144 83:3 6-2 5-1 C,,.H,,ON 83-6 5-9 49 


* Lig = ligroin. * Components refluxed for 24 hr. * Components stirred at 67° for 24 hr. 
¢ Colourless. ¢ Prepared in benzene. / Components stirred for 30 hr. at 60°. #% From phenacyl 
bromide (1 mol.) and diphenylamine (2 mols.) in benzene without bicarbonate. * Orange-yellow. 


similarly, from phenacyl bromide, or in case F bromomethyl t-butyl ketone, and a secondary 
base. In case I, the reactants were refluxed in benzene with sodium hydrogen carbonate for 
60 hr.; the benzene layer was then shaken with 5n-hydrochloric acid, precipitating N-dipheny]- 
methylaniline hydrochloride, and evaporated. The residue, crystallised from ethanol-ligroin, 
gave first “ 6-bromodiphenacyl,”’ m. p. 160—161° (Found: C, 60-9; H, 4-2. Calc. for C,,H,,0,Br: 
C, 60-6; H, 4:1%), and then N-diphenylmethyl-N-phenacylaniline. This preparation could 
not be repeated, nor could the‘required base be obtained by treating phenacyl bromide with 
diphenylmethylanilinomagnesium bromide or from diphenylmethyl bromideand phenacylaniline. 

Phenacyl bromide failed to react with N-triphenylmethylaniline or N-phenyl]-9-fluorenyl- 
amine. 

§ von Braun and Engel, Annalen, 1924, 436, 306. 

* Paal and Sprenger, Ber., 1897, 307 69. 

10 Busch, Ber., 1904, 37, 2691. 

1 Busch and Rinck, Ber., 1905, 38, 1767. 

# Bauer and Biihler, Arch. Pharm., 1924, 262, 128. 

8 Cf. Verkade and Janetzky, Rec. Trav. chim., 1943, 62, 775. 

™ Widman and Wahlberg, Ber., 1911, 44, 2066. 
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Rearrangement of Tertiary Bases.—In a typical experiment, N-benzyl-N-phenacylaniline 
(3 g.) was ground with potassium hydroxide (10 g.) and the mixture heated with stirring under 
nitrogen. The cooled melt was dissolved in water and ligroin. The separated aqueous layer 
gave benzoic acid on acidification. Agitation of the ligroin layer with 5Nn-hydrochloric acid 
precipitated a colourless hydrochloride (X); the acid aqueous filtrate afforded, on basification, 
oily N-benzylaniline and contained aniline. The residue from the evaporation of the ligroin 
layer was distilled in steam, giving phenethyl phenyl ketone. Basification of the hydrochloride 
(X) afforded «-anilinophenethyl phenyl ketone (II), identical (mixed m. p.) with an authentic 
specimen.? Considerable resinification took place, and the yield of ketone (II) depended on the 
time and temperature of the reaction: 


| i Nanenadcatedtcste 130° 145° 150° 150° 150° 170° 
Time (hr.) ...........00. 2 2 1 2 4 2 
Yield (%) ...ccecceceeees 27 37 36 43 27 25 


A similar method was used in other cases. Neutral products were separated into steam- 
volatile and non-volatile fractions. Basic materials were extracted from ether or ligroin by 
dilute and by more concentrated hydrochloric acid, ketonic bases being manifestly weaker; and 
some secondary bases were separated as sparingly soluble hydrochlorides. In case B, much 
p-anisidine sublimed during the alkaline fusion. 

Products of Rearrangement and theiy Synthesis.—Case B. The hydrochloride precipitated by 
6N-acid gave a yellow oily base which crystallised when seeded with synthetic «-p-anisidino- 
phenethyl phenyl ketone and was identified therewith by mixed m. p. The synthetic base was 
prepared by stirring «-bromophenethyl phenyl ketone? (5-78 g.) and p-anisidine (3-1 g.) in 
ethanol (30 ml.) with sodium hydrogen carbonate (5-04 g.) for 7 hr. and then refluxing the 
mixture for 1 hr. Ether was added, the solution washed with water and n-hydrochloric acid, 
and the residue from evaporation of the solvents crystallised from ethanol, as thin, pale yellow 
prisms, m. p. 86—87° (Found: C, 79-8; H, 6-3; N, 4-7. C,,H,,O,N requires C, 79-7; H, 6-4; 
N, 4:2%). Heated with potassium hydroxide (3 g.) for 1 hr. at 150° under nitrogen, the base 
(0-5 g.) gave, as well as some tar and unchanged material (30.mg.), p-anisidine (47 mg.), benzoic 
acid (105 mg.), and phenethyl phenyl ketone (15 mg.). 

Case C. «a-4-Biphenylylaminophenethyl phenyl ketone, precipitated as hydrochloride by 7n- 
hydrochloric acid, was identical with material synthesised in the same way as in case B. It 
crystallised from ethanol in pale yellow prisms, m. p. 138—140° (Found: C, 86-2; H, 6-1; 
N, 3:7. C,,H,,;ON requires C, 85-9; H, 6-1; N, 3-7%). With potassium hydroxide at 150° it 
decomposed like its analogue, giving 4-biphenylylamine, benzoic acid, and phenethyl phenyl 
ketone, and but little unchanged base. 

Case D. The product, 1-anilino-2-4’-biphenylylethyl phenyl ketone was identical (mixed 
m. p.) with material synthesised as follows. Acetophenone (2-6 g.) and p-phenylbenzaldehyde? 
(3-4 g.) were stirred in 30% ethanol (15 ml.) containing sodium hydroxide (1-5 g.) at 30° for 
2-5 hr. After freezing, the pale yellow 2-4’-biphenylylvinyl phenyl ketone was collected and after 
crystallisation from ethanol had m. p. 109—110° (Found: C, 88-6; H, 5-8. C,,H,,O requires 
C, 88:7; H, 56%); the 2,4-dinitrophenylhydrazone crystallised from ethanol—xylene in red 
needles, m. p. 216° (Found: C, 69-6; H, 4:3. C,,H,.O,N, requires C, 69-8; H, 4-3%). 
Hydrogenation (1 mol.) of the unsaturated ketone in ethyl acetate over platinic oxide gave 
2-4’-biphenylylethyl phenyl ketone, needles (from ethanol), m. p. 68—70° (Found: C, 87-6; H, 
6-5. C,,H,,O requires C, 88-1; H, 6-3%). This ketone was treated with bromine (1 mol.) in 
carbon tetrachloride at room temperature; hydrogen bromide was removed in a stream of air, 
the solvent evaporated, and the residue crystallised from ethanol. 2-4’-Biphenylyl-1-bromo- 
ethyl phenyl ketone had m. p. 109° (Found: C, 69-5; H, 4:9; Br, 21-1. C,,H,,OBr requires 
C, 69-1; H, 4:7; Br, 219%). The bromo-ketone (0-5 g.), aniline (1-5 ml.), and sodium hydrogen 
carbonate (3 g.) in ethanol (10 ml.) were refluxed for 4 hr. and the product isolated as in case B, 
crystallising from ethanol in very pale yellow needles, m. p. 94—96° (Found: C, 86-4; H, 6-4; 
N, 3-9. C,,H,,ON requires C, 86-0; H, 6-1; N, 3-7%). 

Case F. «-Anilinophenethyl t-butyl ketone crystallised from ligroin in needles, m. p. 123— 
124° (Found: C, 81-1; H, 8-1; N, 4:8. C,gH,,;ON requires C, 81-2; H, 8-2; N, 50%). This 
product was heated under reflux with 3Nn-sulphuric acid and zinc dust, the solid slowly disap- 
pearing. Ether extracted phenethyl t-butyl ketone, b. p. 140°/20 mm., recognised as oxime, 
and the acid solution contained aniline identified as benzeneazo-8-naphthol. 
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In attempts to synthesise the product of rearrangement, phenethyl t-butyl ketone was 
prepared (a) by hydrogenation of styryl t-butyl ketone * and (b) by benzylation of methyl 
t-butyl ketone in presence of sodamide. The product of method (a) had b. p. 262°; unless 
more than 1-5 mols. of hydrogen had been absorbed, it was unsaturated towards permanganate 
and appeared to undergo addition as well as substitution with bromine, but it gave the known 
oxime, m. p. 96—97° (Found: C, 75-8; H, 9-3; N, 6-8. Calc. for C,,H,gNO: C, 76-1; H, 9-3; 
N, 68%). Method (b) gave a saturated product, b. p. 245°, which (3-8 g.) was treated with 
bromine (3-2 g.) in cold carbon tetrachloride (80 ml.); it could also be brominated by N-bromo- 
succinimide in boiling carbon tetrachloride. The crude bromo-compound, freed from solvent 
under reduced pressure, was stirred for 12 hr. with aniline (2-5 ml.) and sodium hydrogen 
carbonate (5 g.) in ethanol (30 ml.) and the whole was then refluxed for 1 hr. The small quantity 
of substance soluble in 2N-hydrochloric acid crystallised from ligroin in needles, m. p. 148—149° 
(Found: C, 80-3; H, 8-9; N, 4-7. C,,H,,ON requires C, 80-1; H, 8-8; N, 4-9%). It was not 
affected by fusion with potassium hydroxide under the conditions of the rearrangement. 
Infrared maxima were at 1309 (anilino) and at 1265 and 1076 cm. (CH-OH), with no carbonyl 
band; the product of rearrangement absorbed at 1309 and at 1702 cm.~! (C=O). 

Case G. The weaker bases were crystallised fractionally from ligroin, giving first yellow- 
green needles, m. p. 120°, of l-anilino-2-phenylpropyl phenyl ketone (Found: C, 84-0; H, 6-4; 
N, 4:5. CggH,,ON requires C, 83-8; H, 6-7; N, 4.4%); later fractions consisted of unstable 
buff crystals which could not be purified. 

Phenyl 2-phenylpropyl ketone was prepared in excellent yield by refluxing acetophenone 
with hydriodic acid and red phosphorus for 15 hr.” The derived bromo-compound 18 (9-1 g.) 
with aniline (3 g.) and sodium hydrogen carbonate (5 g.) in propan-1-ol were stirred and refluxed 
for45hr. The filtered solution deposited, on freezing, crystals of a diastereoisomeric 1-bromo-2- 
phenylpropyl ketone, m. p. 122° (from ethanol) (Found: C, 63-5, 63-7; H, 5-1, 5-3. C,,H,,OBr 
requires C, 63-4; H, 5-0%). The mother-liquor was diluted and the separated yellow oil 
dissolved in ether, extracted with N-hydrochloric acid to remove aniline, and shaken with 
5n-acid, giving a crystalline precipitate. The oily base (1 g.) recovered from this hydrochloride 
was heated with powdered potassium hydroxide in nitrogen at 100° for 2 hr. The base, 
recovered through its insoluble hydrochloride, then crystallised from ligroin at 0°, had m. p. 
122—123-5°, and did not depress the m. p. of the product of rearrangement. 

Case H. N-Allyl-N-phenacylaniline (1-3 g.) was fused with potasium hydroxide (3 g.) at 
150° for} hr. The melt was taken up in ether and water, the dried ethereal solution evaporated, 
and the residue, which resinified on normal working-up, was hydrogenated in ethyl acetate over 
platinum oxide (uptake, 105 ml.). The aqueous layer afforded benzoic acid. The products 
of hydrogenation, dissolved in ether, were shaken, first with N-hydrochloric acid giving extract 
(X), then with 7N-acid, giving a red solution (Y) and a white solid (Z). After evaporation of 
the separated ether layer, the residue was distilled in steam and the volatile oil converted into 
mixed 2,4-dinitrophenylhydrazones. These, dissolved in chloroform, were chromatographed 
on Whatman No. 1 paper by ascent. Separately, but in the same apparatus at the same time, 
the dinitrophenylhydrazones of acetophenone and butyl phenyl ketone were similarly treated; 
the liquid phase was ether-ligroin (1:19 by volume). The Ry values for the separate dinitro- 
phenylhydrazones were 0-02 and 0-89 respectively, and the solution under test gave two spots 
with these values. The remainder of the chloroform solution was adsorbed on alumina and 
eluted with ether—ligroin (1:19); the widely separated bands gave respectively butyl phenyl 
ketone dinitrophenylhydrazone (20 mg.; from ethanol-xylene) and acetophenone dinitro- 
phenylhydrazone (from ethanol), which were identified with authentic specimens. 

The extract (X) gave a transient purple colour with bleaching powder, and afforded N-propyl- 
aniline oxlate. Solution (Y) gave on basification a little N-phenacyl-N-propylaniline, identical 
with a specimen prepared by hydrogenating N-allyl-N-phenacylaniline over palladium black 
in ethanol: it formed pale yellow crystals (from ethanol), m. p. 96° (Found: C, 80-8; H, 7-5; 
N, 5-5. (C,,H,ON requires C, 80-6; H, 7-5; N, 5-5%). The solid (Z) yielded an oily base 
which on benzoylation gave 1-N-benzoylanilinobutyl phenyl ketone, identical with material 


8 Hill, Spear, and Lachowicz, J. Amer. Chem. Soc., 1923, 45, 1560. 
1 Hill and Bruce, J. Amer. Chem. Soc., 1930, 52, 348. 

17 Graebe, Ber., 1874, 7, 1625. 

8 Stevens, J., 1930, 2114. 
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synthesised as follows. Butyl phenyl ketone (1-6 g.) was treated with bromine (1-6 g.) in cold 
carbon tetrachloride, hydrogen bromide removed in a stream of air, and the solvent evaporated, 
The residue was stirred at 50° for 20 hr. with aniline (1 ml.) and sodium hydrogen carbonate 
(2-5 g.) in ethanol (10 ml.)._ Ether was added, and the mixture shaken successively with water, 
n-hydrochloric acid, and 8N-acid; the last precipitated the hydrochloride of a base which was 
liberated and distilled, giving 1-anilinobutyl phenyl ketone, b. p. 120°/0-4 mm. (Found: C, 80-6; 
H, 7-5; N, 5:5. (C,,H,,ON requires C, 80-6; H, 7-5; N, 55%). The benzoyl derivative 
(Schotten—Baumann) melted at 86° (Found: C, 81-1; H, 6-4; N, 3-8. C,,H,,;0,N requires 
C, 80-7; H, 6-4; N, 3-9%). 
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669. Molecular Rearrangement of Tertiary Amines. Part II.* 
By R. A. W. JoHNsToneE and T. S. STEVENS. 


The rearrangement reported in Part I has been extended to other tertiary 
amines and has been shown to be intramolecular. The process has been 
applied for a new synthesis of phenanthrene. 


It was shown earlier ! that rearrangement of quaternary ammonium salts is intramolecular 
and it is now shown that this is true of the rearrangement of a tertiary amine. N-Benzyl- 
N-phenacylaniline (I), having the benzyl group radioactively labelled, was rearranged 
along with an inactive amine, N-benzylanilinomethyl t-butyl ketone (II). When the 
products (III) and (IV) were separated, all the radioactivity appeared in the former, so 
that the migrating radical could not have been free at any time during the reaction. 
Qualitatively, the compounds (I) and (II) rearrange with comparable facility (Part I). 

(I) PheCO*CH,y*NPh*##CH,Ph ——t Ph*CO*CH(NHPh)*#CH,Ph (III) 

(II) BuCO*CHy*NPh*CH,Ph — BuCO-CH(NHPh)*CH,Ph (IV) 


Confirmation came from experiments with dibenzylaniline (V) and its 4-methyl 
derivative (VI). Under the severe conditions necessary for rearrangement, the expected 
secondary amines (VII) and (VIIIa or VIIIb) undergo £-elimination, yielding aniline and 
a derivative of stilbene. 

Ph*CH,"NPh Ph*CH*NHPh PhCH + NH,Ph 


ll 


— —> 
(V) CH,Ph CH,Ph (VII) CHPh 


Ph*CH,*NPh ee ae eae NHPh Ph*CH + NH,Ph 


or —pP 
CHyC,HMe CHy'C,H.Me Ph*CHy*CH-C,H,Me CH'C,H,Me 
(VD (VIIa) (VIIIb) 


The crude product from the example (VI) gave, on bromination, methylstilbene di- 
bromide, with none of the dibromide of stilbene and of dimethylstilbene to be expected if 
the reaction had been intermolecular. 

Rearrangement of ethers ? is accompanied by a fission which may be formulated: 


Ph:CH:O- H+ Ph*CH*OH 


PhCH, Ph*CH- tt —> | 
—Ht CH,Ph CH,Ph 
fe) fe) 


> 
| | a Ph*CHO H+ Ph*CHO 
Ph°CH, Ph*CH, —_ 


* Part I, preceding paper. 
1 Johnstone and Stevens, J., 1955, 4487. 
2 Wittig and Happe, Annalen, 1947, 557, 205. 
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In the degradation of quaternary ammonium salts similar fission occurs to only a small 
extent, if at all, whereas with some tertiary amines it plays such a large part that little or 
no rearrangement can be detected. These contrasts are intelligible in terms of the changes 


in covalency which occur at the decisive stages of the alternative processes. 


In the 


rearrangement of an ammonium salt the passage of the nitrogen atom from the quadri- 
covalent to the tercovalent state presents little energetic difficulty, while rearrangement 
of an ether or an amine requires reduction of the normal covalency of oxygen or nitrogen, 


with assumption of an anionic charge. 


Time 
Case * Reagent Temp. (hr.) 
A,t X:NPh’CH,Ph NaOH 300° 2 
KOBut 170 3 
NaNH, 200 
MeLi 240 0-5 
PhLi 110—130 
K in boiling decalin 4 
B, X‘NPh:CH,,CH:‘CH, KOH 120—135 1 
C,t X-NMe-CH,Ph KOH 140 3 
NaOH 295 2 
KOBut 170 3 
NaNH, 250 1-5 
MeLi 200 
PhLi 200 
D,? NMeX, KOH 200 
E, X‘N(CH,Ph), KOBut 170 2 
F, Ph,CH-NMe-CH,Ph NaNH, 260 2-5 
G, (Ph-CH,),NPh KOH 280 0-5 
NaNH, 250—270 1-5 
H, Ph-CH,*NPh NaNH, 260 1-5 
Me’C,H,’CH, 
I,* (Ph-CH,),NMe NaNH, 260—270 2 
J,5 Ph-CH,-NMe NaNH, 230—240 1-25 


Me-C,H,-CH, 


Substances were in general identified by mixed m. p.s. 


This will be easier for an ether, and in the series 


Products 

Toluene (~5%); little NHPh°CH,Ph & 
fluorenone anil 

Much A recovd.; littlke NHPh-CH,Ph; NH,Ph 
after hydrolysis. 

Trace PhMe, bifluorenyl. 

Tar. 

Tar; biphenyl. 

Tar. 

Some B recovd.; biphenyl-2-carboxylic acid 
(5%); fluorenoneanil (11%); N-phenyl-9- 
fluorenylamine (7%); allylaniline (12%). 

80% C recovd.; fluorenone; biphenyl-2- 
carboxylic acid. 

Bifluorenyl; no toluene; tar. 

9-Fluorenylamine (16%); fluorenone. 

Same + PhMe (15%). 

Tar. 

Amorphous products. 

Fluorene (10%); bifluorenyl (8%). 

9-Fluorenylamine (40%); Ph°CHO; no stil- 


ne. 

CH,Ph, (3%); PhMe (~10%); Ph*CH:NMe 
(~8%). 

80% G recovd.; PhMe; Ph*CH:NMe. 

Much Ph-CH:NMe; PhMe (>20%); stilbene 
(8%); BzOH (10%). 

PhMe (50—60%); p-xylene (50—60%); 4- 
methylstilbene (~6%); NH,Ph after hydro- 


lysis. 
PhMe (~15%); Ph-CH:NMe (~15%) stilbene 
0 


1%). 
Much PhMe and p-xylene; 4-methylstilbene 
(~1%). 


In individual cases: toluene as 2,4-dinitro- 


toluene; benzylaniline as benzoyl derivative; fluorenone as 2,4-dinitrophenylhydrazone; aniline as 
benzanilide, tribromoaniline, or benzeneazo-f-naphthol; fluorenone anil by inference from the products 
of its acid hydrolysis; allylaniline as oxalate; 9-fluorenylamine as hydrochloride, picrate, and benzoyl 
derivative; * benzaldehyde as 2,4-dinitrophenylhydrazone; diphenylmethane as 2,4,2’,4’-tetranitro- 
derivative; benzylidenemethylamine and benzylideneaniline from the products of hydrolysis; stilbene 
as dibromide; p-xylene as trinitro-p-xylene; 4-methylstilbene as dibromide.’ 


* X = 9-Fluorenyl. 


+ Several experiments on the compounds A and C were carried out by Dr. S. F. Marrian (Thesis, 


Glasgow, 1941). 


R,N*, R,O, R,N, rearrangement becomes progressively more difficult and fission tends to 


dominate. 


These reactions depend on the extraction of a proton by a basic reagent, 


which meets increasing resistance in the series (Ph°CH,),NR,*, (Ph°CH,),0, (Ph*CH,),.NR. 


The behaviour of a variety of tertiary amines is summarised in the Table. 


The fluoreny] 


radical contains a proton almost as mobile as that of the phenacyl group present in the 


3 
4 
5 
6 
7 


Bamford, Stevens, and Wright, /., 1952, 4334. 
Goss, Ingold, and Wilson, J., 1926, 2457. 

von Braun and Engel, Annalen, 1924, 436, 309. 
Schmidt and Stiitzel, Ber., 1908, 41, 1243. 
Anschiitz, Ber., 1885, 18, 1946. 
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amines discussed in Part I, but in none of the five cases studied could migration from the 
nitrogen atom to the fluorene nucleus be effected. In case A several unsuccessful attempts 
were made to synthesise the expected product of rearrangement, 9-benzyl-N-phenyl- 
fluorenylamine; here a marked overcrowding of groups is indicated by the impossibility 
of constructing a model (Courtauld) of the secondary base. This overcrowding effect 
would not be expected to hinder to the same extent the rearrangement of N-allyl- 
9-fluorenylaniline, but this compound (case B) suffered extensive decomposition under 
relatively mild conditions. 

The formation of 9-fluorenylamine in case C is surprising. It can be explained by 
assuming migration of the methyl into the benzyl group, or vice versa, with subsequent 
8-elimination: 

X:NMerCH,Ph —o { NCH CH PhS — > X°NH, + CH,:CHPh 
(X = 9-Fluorenyl) 


Both postulated intermediates have been synthesised and shown to yield 9-fluorenylamine 
under the conditions of the attempted rearrangement. In case E, however, where 
fluorenylamine was again produced, the easily recognised stilbene could not be detected. 

N-Diphenylmethyl-N-methylbenzylamine (F) gave indication of fission, but no evidence 
of rearrangement. 

Tertiary dibenzylamines (G, H, I, J) (cf. formula V) alone showed strong evidence of 
rearrangement in addition to fission. The bases G and H gave some 8% of stilbene 
derivative, but bases I and J gave only 1%; N-arylation had the expected effect of 
promoting rearrangement. 

The compound (IX) presents a favourable case for rearrangement, here involving ring- 
contraction. With sodamide at 250° it gave aniline’and some 40% of phenanthrene; 
under these conditions it was to be expected that §-elimination should follow 
rearrangement. 


gnegh 
—> || ++ NH,Ph 
CH y-CH 


eHe-CHy 
(IX) NPh —> 
C,H,-CH,” C.H,-CH, 


iy Ags 


EXPERIMENTAL 


[a-!4C] Benzylaniline.—Aniline (1 ml.), water (0-3 ml.), and sodium hydrogen carbonate (250 
mg.) were stirred at 90° and [#*C]benzyl chloride? (200 mg.) was added during 1 hr. The 
mixture was heated for 3 hr. more, cooled, and extracted with ether, and the extract was dried 
(Na,SO,) and evaporated. The residue was heated at 100°/10 mm. to remove aniline. Distil- 
lation yielded [**C]benzylaniline (150 mg.), b. p. 200° (bath)/10 mm. 

({a-"4C] Benzyl) phenacylaniline (1).—{a-!*C]Benzylaniline (300 mg.), phenacyl bromide (325 
mg.), and sodium hydrogen carbonate were stirred in ethanol (2 ml.) for 3 hr. at 60°. The 
mixture was treated with water (25 ml.) and ether, the ether layer was washed with dilute 
hydrochloric acid and water, and dried (Na,SO,), and the residue (I) obtained on evaporation, 
crystallised from ethanol; it had m. p. 109° alone or mixed with a non-radioactive specimen 
(Part I). 

4-Methylbenzyl Bromide.—p-Xylene (1-25 mols.) and N-bromosuccinimide (1 mol.) were 
refluxed in carbon tetrachloride with a little dibenzoyl peroxide. After 20 min. the mixture 
was filtered from succinimide and distilled, giving an almost quantitative yield of bromide, 
b. p. 120°/15 mm. 

The bases tabulated were prepared from 9-bromofluorene, 4-methylbenzyl bromide, or 
diphenylmethyl bromide, with the appropriate secondary amine by reaction of (a) amine 
(2 mols.) and halide (1 mol.) in benzene, or (6) amine (1 mol.) and halide (1 mol.) in methanol 
with solid sodium hydrogen carbonate. Base F was precipitated by 5n-hydrochloric acid as 
the hydrochloride, which was crystallised from ethanol and 2N-hydrochloric acid. 

N-(a«-Methylbenzyl)-9-fluorenylamine, prepared similarly to compound (A), crystallised from 
ethanol in prisms, m. p. 64—66° (Found: C, 88-5; H, 6-9; N, 5-1. C,,H,,N requires C, 88-5; 
H, 6-7; N, 4:9%). 
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9-Bromofluorene and phenethylamine gave, as in case (F), N-phenethyl-9-fluorenylamine 
hydrochloride, needles, m. p. 222—224° (Found: C, 78-5; H, 6-2; N, 4-4; Cl, 11-1. C,,Hj NCI 
requires C, 78-4; H, 6-2; N, 4-4; Cl, 11:0%). The oily base gave a benzoyl derivative, rectangular 
plates (f10m ethanol), m. p. 149—150° (Found: C, 86-5; H, 6-1; N, 3-6. C,,H,,ON requires 
C, 86-4; H, 5-9; N, 36%). When 9-bromofiuorene (1 mol.) and phenethylamine (1 mol.) were 
refluxed in acetonitrile for 2 hr., an initial precipitate soon redissolved, and N-phenethyldi-9- 
fluorenylamine crystallised on cooling; this had m. p. 180—181° (from ethanol) (Found: C, 
90-9; H, 6-0; N, 3-1. C,,H,,N requires C, 90-9; H, 6-0; N, 3-1%). 


Time Found (%) Required (%) 
Base * Method Temp. (hr.) Solvent M. p. Cc Formula 
15° 18 C,H,MeOH 144° 2 C 1N 
30 EtOH 98—102 Cy.HyN 
18 MeOH 87—89 . ‘2 C,,H,N 
10 C,H,-EtOH 125—126 C,,H,,N 
2 218—221 , C,,H,,NCl 
6 EtOH 79—80 ° , ‘9 C,,H,,N 
48 — é CygHyN 
* For symbolism see Table on p. 3347. 
* Picrate, prisms (from ethanol), m. p. 163—164° (Found: N, 10-9. C,,H,,0,N, requires N, 
10-9%). ® Hydrochloride. * Prepared in water—benzene, not methanol. ¢ B. p. 107°/10 mm. 


osH, 
H, 


Mechanism of Rearrangement.—The compounds (I) (100 mg.) and (II) (100 mg.) were fused 
with potassium hydroxide (1 g.) at 150° for 45 min. under nitrogen, and the mixture dissolved 
in ligroin (b. p. 60—80°) and water. The organic layer, washed with water, was stirred with 
8n-hydrochloric acid, and the precipitate (P) collected on a sintered-glass filter. The acidic 
layer in the filtrate was washed with ether and basified, precipitating base (Q). On being 
washed with ether and decomposed with dilute sodium hydroxide solution, material (P) gave a 
yellow solid which, thrice crystallised from ligroin (b. p. 60—80°), had m. p. 105°, alone or 
admixed with base (III). The base (Q) was similarly purified and identified with base (IV), 
m. p. 123°. Samples of materials (I), (III), and (IV) were matted on small metal planchettes, 
and their radioactivity was measured at infinite thickness by a Geiger—Miiller end-window 
counter: 


Compound None (I) (III) (IV) 
Counts min.“? cm.-* 448 420 11—12 


Rearrangement of Amines.—In each case the amine was fused with the alkaline reagent in the 
absence of air, and volatile products were examined as well as the melt. Although the working- 
up differed in detail in the several cases, strongly and weakly basic, neutral, and acidic materials 
were in general separated; one experiment with dibenzylaniline (G) is described in detail as 
typical. 

NN-Dibenzylaniline (5 g.) was fused with sodamide (6 g.) at 250—270° for 1-5 hr. under 
nitrogen. The melt was deep red, and a distillate collected in a receiver cooled in acetone- 
carbon dioxide. This was free from aniline (bleaching powder reaction) and benzaldehyde 
(dinitrophenylhydrazine), and gave on nitration 2,4-dinitrotoluene (mixed m. p.). The melt 
was dissolved in ether and dilute ethanol. Part of the ethereal layer, distilled in vacuo, gave a 
colourless oil which evidently contained benzylideneaniline since hydrolysis with hydrochloric 
acid gave aniline (recognised as benzeneazo-f-naphthol) and benzaldehyde (as dinitrophenyl- 
hydrazone). A second part was shaken with 7N-hydrochloric acid, but no precipitate was 
obtained, indicating the absence of 1,2,N-triphenylethylamine. The ether was removed 
and the residue steam-distilled, giving stilbene, rhombic prisms, m. p. 123° (from ethanol) ; 
with bromine in acetic acid it yielded plates of stilbene dibromide, m. p. 236°. 

In a separate experiment, 1,2,N-triphenylethylamine * was fused with sodamide at 250° for 
45 min. None was recovered, and stilbene (as dibromide) and aniline (as benzanilide) were 
recognised. 

The synthesis of 9-benzyl-N-phenylfluorenylamine was attempted, unsuccessfully, in 
three ways. (a) 9-Benzylfluoren-9-ol was treated with hydrogen chloride in ether; the crude 
product reacted very slowly with aniline in ether. (b) N-Phenyl-9-fluorenylamine was con- 
verted into the benzoyl derivative, m. p. 147° (Found: C, 86-1; H, 5-3; N, 4-2. C,,.H,,ON 


* Busch and Rinck, Ber., 1905, 38, 1767. 
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requires C, 86-4; H, 5-3; N, 3-9%), which was treated with benzyl chloride and sodamide in 
liquid ammonia. (c) Fluorenone anil, added to benzylpotassium in toluene, and refluxed for 
3 hr., gave only N-phenyl-9-fluorenylamine. 

Synthesis of Phenanthrene.—6,7-Dihydro-6-phenyl-5H-dibenz{c,e]azepine ® (IX) (1 g.) was 
heated with an excess of sodamide at 250° for 2 hr. A sublimate of phenanthrene was produced 
(m. p. and mixed m. p. 99°; m. p. and mixed m. p. of picrates, 144°), and aniline distilled, 
The residue afforded more phenanthrene (300 mg. in all) and aniline (benzoyl! derivative, m. p, 
and mixed m. p. 160°). 


We thank the University of Sheffield for an Ellison Fellowship (to R. A. W. J.). 
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670. lodine Oxygen Compounds. Part II.* Iodosyl and 
Related Compounds. 


By W. E. DAsent and T. C. WADDINGTON. 


The preparation and infrared and visible spectra of iodosyl sulphate, 
iodosyl selenate, iodine dioxide, and p-oxo-dinitratodiphenyldi-iodine are 
reported 

Because of the similarity of the infrared and visible spectra of the iodosyl 
compounds and iodine dioxide to those of the organic iodine compound, it is 
concluded that the ‘‘ IO” cation is polymeric with I-O~I bridges. 


THE existence has been reported of a small number of compounds conjecturally formulated 
as salts of the iodosyl cation IO*. These are (a) the sulphate, ([0),SO,, a hygroscopic, 
bright yellow substance variously regarded as a monohydrate,! a hemihydrate,”? and an 
anhydrous * salt; (b) a poorly defined, highly unstable* bright yellow nitrate obtained 5* 
from iodine and fuming nitric acid; and (c) the pale yellow “ iodine dioxide,” 1,0,, formed? 
by slow hydrolysis of iodosyl sulphate. Iodine dioxide has usually been regarded 5 as 
iodosyl iodate, I10-10,, although there has been little evidence to support this. Early 
investigators ® of the nitrate were unable to decide between the formule IO-NO, and 
I(NO,),; subsequent work by Kikindai® seems to support its formulation as an iodosyl 
salt, though his analyses allow for contamination by up to 1-8 moles of free nitric acid. 
A recent brief report ® of the preparation of I(NO,), as a yellow product of the reaction 
between iodine trichloride and CINO, sheds no light on the problem. 

To obtain further information as to the constitutions of these compounds we have 
studied their infrared spectra, together with those of a diverse range of related compounds. 
Unfortunately, the iodosyl nitrate, IO-NO,, proved to be too unstable and reactive for a 
satisfactory infrared spectrum to be obtained. We have attempted to prepare further 
compounds analogous to (IO),SO,, using the procedure of Masson and Argument,‘ with 
different acids in place of sulphuric acid; only in the case of selenic acid was the method 
successful and led to the preparation of the new iodosyl selenate, (IO),SeO,, which is 
isomorphous with, and very similar in properties to, the sulphate. 

We consider it unlikely that these compounds contain the simple iodosyl cation, I0*, 
on the following grounds: 

(1) Apart from the small solubility of the sulphate and selenate in the concentrated 

* Part I, J., 1960, 2429. 


Bahl and Partington, J., 1935, 1258. 

Chrétien, Compt. rend., 1896, 123, 814. 

Fichter and Dinger, Helv. Chim. Acta, 1936, 19, 607. 

Masson and Argument, /., 1938, 1702. 

Kappler, Ber., 1911, 44, 3496. 

Kikindai, Compt. rend., 1954, 238, 1229. 

Muir, J., 1909, 95, 656. 

Schmeisser, Fink, and Bandle, Angew. Chem., 1957, 69, 780. 
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parent acid, none of the iodosyl compounds showed any sign of solubility (without decom- 
position) in any of a wide range of solvents tested, including those, like nitromethane, which 
dissolve nitrosonium salts. Unfortunately, the ultraviolet absorption spectrum of the 
nearly colourless solution of iodosyl sulphate in concentrated sulphuric acid is ill defined ® 
and sheds no light on the nature of the species present. This insolubility is surprising if 
the compounds are indeed salts containing a univalent cation, and strongly suggests a 
polymerized structure. 

(2) By analogy with the oxygen molecule, which contains the same number of valency 
electrons, the IO* ion might be expected to have a ee ground state and hence be para- 
magnetic, as Symons ® has pointed out. Iodosyl sulphate® and iodine dioxide are 
both diamagnetic and so is iodosyl selenate. 

(3) Completely isoelectronic compounds have very similar vibration frequencies. 
Changes in charge only affect these slightly. Thus we have in the series NO,*, CO,, 
NCO-, NCN?> the following values for v, (in cm.) 2390, 2349, 2170, 2150, and for NO*, 
CO, CN~ the stretching frequency has the values (cm.~) 2200, 2144, 2080. Now molecular 
TeO 1-12 has a fundamental vibration frequency of 796 cm. so we might reasonably 
expect for the isoelectronic 1O* a vibration frequency of about 800 cm." or a little higher. 
In iodosyl sulphate and selenate, and in iodine dioxide, the only absorption attributable 
to the IO group occurs in the frequency range 553—658 cm.+. This is considerably lower 
than any I=O stretching frequency (values of which are given below) let alone the stretching 
frequency to be expected of IO*. 

I=O I=O 
asym. str. (cm.~!) sym. str. (cm.~!) 
10,- (metallic iodates) 1% 743—796 695—780 


10, (complex iodates) 1% 757—808 719—758 
10, (iodoxy-benzenes) !* 762—795 716—744 


u-Oxo-dinitratodiphenyldi-iodine.—The preparation of the compound, wrongly identified 
by Willgerodt 15-16 as iodosobenzene dinitrate, CgH,I(NO,)., and its analysis and identific- 
ation as the oxygen-bridged compound [C,H;I(NO,)],0 have been reported in a separate 
preliminary communication.!” The infrared spectrum of this compound, containing as it 
does an I-O-I bridge, throws a good deal of light on the structure of the inorganic iodosyl 
compounds. The spectrum has been examined and an almost complete assignment made. 
This will be discussed in detail. Apart from the usual aromatic C-H peaks the usual 
monosubstituted benzene-ring peaks occur at 1583, 1565, 1472, and 1447 cm.* in the 
sodium chloride region and at 735, 677, and 656 (w) cm. in the potassium bromide region 
(cf. iodobenzene 727, 683, and 653 (s) cm.!; iodosobenzene 734, 690, and 655 (vw) cm.7; 
iodosobenzene diacetate, 739 and 683 cm. 1, any peak at 655 cm. being obscured by 
absorption by the acetate group}. A C-I vibration frequency is found at 457 cm. (cf. 
iodobenzene, 447 cm.!; iodosobenzene, 489 cm.1; iodosobenzene diacetate, 463 cm.“). 
The six fundamental frequencies characteristic of a covalent nitrate group are also found 
and are assigned by comparison with the data for metal nitrato-complexes 18! and methyl 
nitrate in Table 1, from which it will be seen that the frequencies in the organic complex 
lie much closer to those in the metal nitrato-complexes than to those in methyl nitrate. 
There are also a large number of weak combination frequencies in the sodium chloride 

® Symons, J., 1957, 2186. 


#® Willmarth and Dharmatti, J. Amer. Chem. Soc., 1950, 72, 5789. 
eon Herzberg, ‘‘ Molecular Spectra and Molecular Structure, I, Diatomic Molecules,” Prentice-Hall, 
1 Haranath, Rao, and Sivarmamurty, Z. Physik, 1959, 155, 507. 
18 Dasent and Waddington (Part I), J., 1960, 2429. 
4 Furlani and Sarton, Ann. Chim. tRome), 1957, 47, 124. 
18 Willgerodt, Ber., 1892, 25, 3498. 
16 Willgerodt, Ber., 1893, 26, 1308. 
1 Dasent and Waddington, Proc. Chem. Soc., 1960, 71. 
%® Gatehouse, Livingstone, and Nyholm, J., 1957, 4222. 
Gatehouse and Comyns, J., 1958, 3965. 
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region which can be reasonably assigned. Only two peaks are left, viz., 585 cm.“ (vs) and 
427 cm. (ms); 585 cm. can very reasonably be assigned to the I-O-I asymmetric 
stretching frequency. There should also be a symmetric stretching frequency; this 


TABLE 1. Nitrato-frequencies in y-oxo-dinitratodiphenyldi-todine and other nitrato- 
compounds. 
—O-NO, in the iodine —O-NO, in metal nitrato- —O-NO, in methyl 
complex (cm.~) complexes (cm.~) nitrate (cm.~}) 
1290—1253 
1034—970 
1531—1481 
800—781 
706—721 
736—749 


* Overlapped by benzene ring vibration. 
+t Calculated from overtones. 


could be the 427 cm. frequency, but this frequency might equally reasonably be due to 
I-ONQ,,. 

Iodosyl Sulphate and Selenate-——The infrared spectrum of iodosyl sulphate between 
4000 and 400 cm.* is relatively uncomplicated; the positions of the maxima are listed in 
Table 2. The simplicity of the spectrum is significant in view of what may be expected if 
the symmetry of the sulphate ion were altered by covalent bond formation. The 
symmetrical tetrahedral ion SO,2~ has Ty symmetry and four fundamental vibrations: 


Vy Vg Vs % 
Group symmetry E F, F, 
Frequency (cm.~) 1° ' 451 1104 613 


Only v, and v4 are infrared active. If the sulphate ior acts as a monodentate group, i.¢., 
if it forms one covalent bond, the symmetry is changed to C, and six infrared active 
fundamentals should be observed, v#z., v,, v2, and four new fundamentals resulting from 
the splitting of both the triply degenerate frequencies v, and y, into a non-degenerate 
and a doubly degenerate vibration. If the sulphate ion functions as a bidentate group, 
1.¢., if it forms two covalent bonds, the symmetry is again altered, to C,; nine fundamental 
vibration frequencies (all but one of which are infrared active) would then occur, resulting 
from the splitting of the remaining doubly degenerate vibrations. So if the sulphate 
group were forming one or two covalent bonds, the forbidden frequencies v, and v, should 
appear in the spectrum, together with extensive splitting of both v, and yw. Some 
instances **-*3 of this have been reported. 

Now there is no evidence for this state of affairs in iodosyl sulphate or selenate. In 
iodosyl sulphate, v, (1035 cm.) appears as a rather broad band at somewhat lower 
frequencies than is usual for a typically ionic sulphate; v, (633 cm.*) is also slightly 
displaced, but the possibility that the nearby maximum (577 cm.*, which we have assigned 
to the IO group) results from a splitting of v, can be rejected in the absence of any other 
indications of asymmetry, such as the appearance of v, and vy. There is some sign of 
frequency splitting in iodosyl selenate; vs has a pair of poorly resolved peaks at 825 and 
798 cm. (again the frequencies are rather lower than in the alkali-metal selenates) and 
the weak peak at 471 cm.*, which we have assigned to vy, could be the higher frequency 
of a split vibration. However, the absence of v, indicates that the ion is unlikely to be 
asymmetric and the splitting of v, may very well be an effect of the symmetry of the 
lattice. A comparison of the frequencies in the iodosyl sulphate and selenate with those 
in other sulphates and selenates is made in Table 2. 

2° Brand and Cawthorn, J. Amer. Chem. Soc., 1955, 77, 319. 

*t Nakamoto, Fujita, Tanaka, and Kobayashi, J]. Amer. Chem. Soc., 1957, 79, 4904. 


22 Mizushima and Quagliano, J. Amer. Chem. Soc., 1953, 75, 4870. 
*% Bertin, Penland, Mizushima, and Quagliano, J. Amer. Chem. Soc., 1959, 81, 3818. 
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TABLE 2. Vibration frequencies and assignments in iodosyl sulphate and selenate and 
in some other selenates and sulphates. 


so,- SeO,- 


Ys Y% V3 M% 
(cm.~) (cm.~") (cm.~) (cm.~4) 
1035 633 


1104 613 
1110 617 
1136 607 
825 
798 471¢ 


884 426 

874 427 
(Me,N),SeO, 851 - 413 
Ag,SeO, 835 408 


* This is a weak peak and the assignment tentative: », may lie below 400 cm.*. 


It may be safely concluded that in iodosyl sulphate and selenate, the tetrahedral 
symmetry of the sulphate and selenate groups is essentially undisturbed, and that all four 
SO and SeO bonds are equivalent. This does not necessarily mean that tetrahedral ions 
are present, since structures in which all four oxygen atoms form covalent bonds, #.e., 


-O o> <O o- 


<O oO- -O o> 


would likewise retain the Tz symmetry, provided that the differences in bond order implied 
by the classical formula were removed by resonance. 
Now the absorption attributable to the IO group in these two compounds lies in the 


lower frequency region expected for an I-O single bond, as can be seen from the following 
values : 


I-O in complex iodates 630—697 cm.-! 
I-OH in iodic acid 577—650 cm." 
I-O-I in p-oxodinitratodiphenyldi-iodine 588 cm.*} 

In formulating iodosyl sulphate and selenate, therefore, one has to assign structures 
in which the iodine atoms form essentially single bonds, and in which the sulphate and 
selenate groups are present either as discrete anions, or as four-covalent groupings. 
Although it is not possible to allot definitive structures on this basis alone, yet reasonable 
postulates can be made which are in agreement with the known properties of the com- 
pounds; the most plausible of these involves polymerized IO chains, between which the 
sulphate and the selenate groups are accommodated, by either ionic or covalent bonds. 
It may well be that the I---O-S bonds, represented by broken lines in Figure 1, are 
intermediate in character. X-Ray powder photography merely reveals that iodosyl 
sulphate and selenate are isomorphous, with very complicated unit cells; the method of 
preparation of the compounds precludes the growth of single crystals for detailed X-ray 
studies. 

Iodine Dioxide.—The infrared spectrum of iodine dioxide can be readily interpreted 
on the basis of a structure (similar to those of iodosyl sulphate and selenate) for the com- 
pound, composed of iodate and polymerized I-O groups. A satisfactory assignment of 
the entire observed spectrum can be made if it is assumed that the compound consists of a 
network of IO, groups and polymerized I-O chains, in which the iodate groups are linked 
to the chains by bonds comparable in covalent character with the iodate—-metal bonds in 
metallic iodate complexes, or the iodate-hydrogen bonds in iodic acid. The assignments 


™ Herzberg, “ Infrared and Raman Spectra of Polyatomic Molecules,” D. Van Nostrand Co. Inc., 
New York, 1945, p. 167. 
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are shown in Table 3, along with the corresponding frequencies in comparable compounds, 
The relevant parts of the infrared spectra are shown in Fig. 2. 


TABLE 3. Frequencies and assignments in 1,0, and comparison compounds. 


Compound OIo, OIoO, OIO, OIO, I-O-I 
Vy Vg Vga Vgb stretch 
BE GID bcneid cndcetnceseiccensd 622s 408 825 w 745s 578s 
658 m 783s 
Iodato-complexes ™ .............++ 630—697 not obs. 757—808 719—759 —_ 
SE MR iicandemaneanentennccoscil 577—650 not obs. 804—835 718—763 — 
Iodosyl sulphate and selenate ... — — — — 553—600 
p-Oxo-dinitratodiphenyldi-iodone — — — — 585 


The formulation of I,0, as iodosyl iodate is thus satisfactory if it is remembered that 
the 10 group is not present as a discrete cation, and that the IO, group forms bonds which 
are at least semicovalent. Again, the method of preparation of the compound precludes 
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the growth of single crystals for detailed X-ray studies. There is chemical evidence that 
the IO group present in iodosyl sulphate is similarly constituted to that in iodine dioxide, 
since the latter is prepared by the controlled, slow hydrolysis of the sulphate. If iodosyl 
sulphate is treated with an excess of water, the hydrolysis 


5(1O),SO, + 8H,O = 21, + 6HIO,+5H,SO, . . . . (1) 


proceeds rapidly to completion. But if the hydrolysis is performed slowly, e.g., by exposing 
the sulphate to moist air, considerable amounts of 1,0, are produced. This suggests® 
that under these conditions the iodate produced in reaction (1) has time to react with the 
iodosyl group of unchanged iodosyl sulphate, producing IO-IO, by metathesis: 

(1O),SO, + 2HIO, = 21010, + H,SO, 

Ultraviolet and Visible Spectra.—There is evidence that the yellow colour of all three 
iodosyl compounds and of y-oxo-dinitratodiphenyldi-iodine can be associated with the 
presence of the postulated I-O-I bridges. The infrared spectrum of the solid complex 
shows that the two nitrate groups are linked to the iodine atoms by bonds which resemble 
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the partially covalent nitrate-metal linkages in metallic nitrato-complexes such as 
Co(NO,)(NHs);?* rather than the more fully covalent carbon-nitrate bond in methyl 
nitrate. The solid compound is yellow. The colours of its solutions, however, vary in a 
striking way with the dielectric constant of the solvent. In liquids of low dielectric 
constant (chloroform, methylene dichloride) the compound readily dissolves (and can be 
recovered unchanged), but the solutions are quite colourless. Solutions in liquids of 
higher dielectric constant (e.g., ethanol) have a perceptible yellow colour, which is 
intensified in liquids of even greater ionizing power (e.g., dimethylformamide). The 
variation is colour can only be related to the degree of ionization of the nitrate groups, 
since the nitrate group itself is colourless, either as the free anion or in methyl nitrate. 
The source of the colour must lie in the extent to which the iodine atoms of the bridge 
carry a partial positive charge, a tendency towards (a) intensifying and towards (6) 
diminishing (or shifting to shorter wavelengths) the absorption responsible for the yellow 
colour. 


YAN \sed eae 
| 


(a) Yellow (b) Colourless 


This is precisely the structural element postulated in iodosyl sulphate, selenate, and 
iodate. 

Attempts to measure the yellow colour quantitatively were only partly successful, 
since the inorganic iodosyl compounds are insoluble, while in the organic nitrato-complex 
the comparatively low intensity of the I-O-I absorption is partly obscured by the much 
more intense absorption of the benzene rings which lies just beyond it in the ultraviolet 
region. However, qualitatively it can be seen that there is no detectable absorption apart 
from that of the benzene rings in the ultraviolet spectra of the complex in methylene di- 
chloride and chloroform. In ethanol there is some indication of absorption just above 
that of the benzene rings, and in dimethylformamide the absorption spectrum of the 
complex shows a broad plateau of low intensity at 400 mu. The reflectance spectra of 
solid samples of the three inorganic compounds were determined. For iodine dioxide, 
absorption begins at about 450 my, rises to a rather broad maximum in the region of 350 
my, and then decreases again. The sulphate and selenate show a generally similar 
spectrum, but it is displaced about 50 my to longer wavelengths, absorption beginning at 
about 500 my and rising to a maximum at about 400 my, in accordance with the rather 
brighter yellow colour of the two compounds. If our postulate as to the origin of the 
yellow colour is correct, the shorter-wavelength absorption in iodine dioxide implies a 
higher degree of covalent bonding between the iodate groups and the I-O bridges; the 
infrared spectra also suggest this. 


EXPERIMENTAL 

All hygroscopic materials were handled throughout in a dry box containing phosphorus 
pentoxide. Samples for infrared determinations were dried in vacuo over suitable desiccants, 
mulled with Nujol or hexachlorobutadiene, and smeared between sodium chloride or potassium 
bromide plates. In the case of the y-oxo-dinitratodiphenyldi-iodine it was necessary to protect 
the plates with a thin sheet of Polythene to prevent exchange of the nitrate group with the 
halide in the plates (cf. refs. 18 and 19). A thin sheet of Polythene was introduced into the 
other beam for purposes of compensation. The spectra were all measured on a Perkin-Elmer 
21 double-beam recording spectrophotometer with sodium chloride and potassium bromide 
optics. 

The ultraviolet reflectance spectra were measured on a recording Beckman DK spectro- 
photometer. The ultraviolet absorption spectra were measured on a Cary recording spectro- 
photometer. 

X-Ray powder photographs of iodosyl sulphate and selenate were taken with Cu-K, 
radiation, on a 19 cm. Debye-—Scherrer camera, samples being filled into thin-walled Pyrex 
capillaries which were then sealed with picein wax. 
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Analyses for iodine were performed by standard volumetric procedures; selenium wags 
determined as the element, and sulphur as barium sulphate. Carbon, hydrogen, and nitrogen 
in the organic complex were determined by standard microcombustion methods. 

The following compounds were either pure commercial samples or were prepared by 
standard metathetical reactions: potassium and tetramethylammonium sulphates; potassium, 
sodium, silver, and tetramethylammonium selenates. 

Iodosyl sulphate was prepared * by shaking the theoretical quantities of finely powdered 
iodine pentoxide and iodine in concentrated sulphuric acid. Most of the adhering acid was 
removed from the yellow product by spreading the crystals on a porous tile, and the remainder 
by washing them quickly several times with glacial acetic acid. It was stored over concen- 
trated sulphuric acid (Found: I, 65-6; S, 8-4. Calc. for I1,SO,: I, 66-5; S, 8-4%). 

Iodosyl selenate. lLodine (1-269 g., 0-005 mole) and iodine pentoxide (2-504 g., 0-0075 mole) 
were finely powdered and added to commercial selenic acid (25 ml.; 97:-4% of H,SeO, by 
titration), and the mixture was warmed sufficiently to melt any solid acid (re-solidification did 
not occur on cooling). The mixture was shaken intermittently for several days, after which 
the reactants had dissolved to a brown solution. After 9 days, bright yellow crystals began 
to separate and precipitation was complete after a further day. The liquid was poured off, and 
the very hygroscopic crystals spread on a porous plate for several hours, then washed rapidly 
with glacial acetic acid and stored over concentrated sulphuric acid (Found: I, 58-3; Se, 18-7, 
1,SeO, requires I, 59-2; Se, 18-4%). 

Iodine dioxide was prepared by a slight modification of Muir’s method.” The yellow 
product obtained by heating iodic acid with concentrated sulphuric acid was freed as much as 
possible from sulphuric acid by suction through a sintered-glass funnel, washed quickly with 
cold glacial acetic acid, and allowed to hydrolyse slowly on a porous tile exposed to air. The 
product, apparently a mixture of iodine dioxide, iodine, iodic acid, and sulphuric acid, was 
finely powdered and washed quickly with several small portions of cold water until the washings 
were free from sulphate, and then with ethanol to remove, iodine. Since iodine dioxide reacts 
slowly with cold water, it was impossible to prevent slight decomposition during the washing 
process; the iodic acid cannot be removed in any other way than by washing the mixture with 
water (Found, in a typical specimen: I, 79-2. Calc. for IO,: I, 79-9%). 

Iodosobenzene and iodosobenzene diacetate were prepared as described by Mann and 
Saunders, ‘‘ Practical Organic Chemistry,” 3rd edn. 

Iodobenzene nitrate.»1* JTodobenzene diacetate (3 g.), dissolved in glacial acetic acid 
(10 ml.), was added to a mixture of nitric acid (d 1-42; 1-4 ml.), water (1-4 ml.), and glacial 
acetic acid (3 ml.). The resulting pale yellow solution was allowed to evaporate in a warm 
place. The yellow crystals formed were dried on a porous tile (KOH and silica gel) and had 
m. p. 105—106° [Found: C, 26-3; H, 2-4; N, 4.9%; M, by vapour-pressure lowering in 
CH,Cl,, 550, 555 (two separate preparations). C,H,I(NO,)-O-I(NO,)-C,H, requires C, 26:3; 
H, 1-8; N, 5-1%; M, 548). Acidimetric equivalent (by potentiometric titration with tetra- 
butylammonium hydroxide in benzene—methanol, 274. By potentiometric titration of a 
separate preparation with potassium hydroxide in methanol—water, 276. Calc. 274. The 
compound reported by Willgerodt as yellow crystals, m. p. 105—106°, was assigned by him 
the formula C,H,I(NO,), (Calc.: C, 21-95; H, 1-5; N, 85%; M, 328; equiv., 164). Will- 
gerodt records only nitrogen analyses, agreeing with his formulation. Attempts were made to 
obtain a product with Willgerodt’s formula by using iodosobenzene in place of the diacetate, 
and by varying the concentration of nitric acid (and the proportions of acetic acid) in the 
reaction mixture over a very wide range. In all cases, analyses, which varied slightly according 
to the method of preparation, of the yellow crystals were within the limits C, 25-60—26-75; H, 
2-19—3-29; N, 4:6—4-9. We can only conclude that Willgerodt’s compound, in spite of its 
identical appearance and melting point, was different from our own, or that Willgerodt’s 
analyses for nitrogen were in error. The molecular weight (Found: 330. Calc.: 322) and 
acidimetric equivalent (Found: 166. Calc.: 161) of iodobenzene diacetate were determined 
by the same method as used for the nitrate, and were found to agree with the accepted formula 
C,H,I(OAc),. 


We thank Dr. A. R. Caverhill for measurement of the reflectance spectra. One of us 
(W. E. D.) acknowledges the award of a Fellowship from the Nuffield Foundation. 
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671.. Metal Ketyls as Initiators of Polymerisation of Vinyl Monomers. 
Polymerisation of Acrylonitrile and Methyl Methacrylate by Mono- 
sodium Benzophenone.* 


By ALBERT ZILKHA, PEDATSUR NETA, and MAX FRANKEL. 


The polymerisation of acrylonitrile and methyl methacrylate by mono- 
sodium benzophenone in tetrahydrofuran has been investigated, in particular 
the effects of concentration of catalyst, monomer, added benzophenone, and 
temperature. The mechanism of the polymerisation is discussed. 


METAL KETYLS (the products of reaction of metals with ketones having no a-hydrogen 
atom) are radical anions in equilibrium with dimeric structures and act as catalysts for 
the polymerisation of vinylic monomers. We have studied the polymerisation of acrylo- 
nitrile and methyl methacrylate by monosodium benzophenone in tetrahydrofuran. The 
polymerisation of these monomers by sodium benzophenone has been reported recently 
by Smith;? some of his experiments were carried out with an excess of sodium, leading 
to formation of disodium benzophenone; moreover, the nature of the initiation by the 
catalyst was not known tohim. In another preliminary study ? an excess of benzophenone 
was used, which might interact with the growing polymer chains. 

The polymerisation of acrylonitrile and of methyl methacrylate in tetrahydrofuran, 
in which the monomers are soluble even at low temperature, was investigated by us. 


RESULTS 


The dependence of yield and molecular weight of polyacrylonitrile and of poly(methyl 
methacrylate) on the catalyst was studied. Experiments were carried out with identical 
quantities and concentrations of monomers, the monomer being added with stirring in one 
portion to the monosodium benzophenone prepared in tetrahydrofuran. With acrylonitrile 
(Table 1) the yield increased with increasing amounts of catalyst to approximately quantitative 
values. The molecular weights obtained (about 5500) did not depend on the amount of 


TABLE 1. Polymerisation of acrylonitrile. Dependence of yield and 
molecular weight on amount of catalyst. 
Acrylonitrile (10 ml.; 2-51 moles/l.) was added in one portion to monosodium benzophenone prepared 
in tetrahydrofuran (50 ml.). Polymerisation temp. 0°; time 1 hr. 


Catalyst (mmole) . 6-3 25 
[Catalyst] (mole/1.) . D 0-105 0-416 
5 ’ 8 


* Average molecular weights of the polymers were calculated from intrinsic viscosities measured 
in dimethylformamide at 30° by use of the equation [y] = 2-33 x 10°*M*%75 (Cleland and Stockmayer, 
J. Polymer Sci., 1955, 17, 473). 


catalyst. With methyl methacrylate (Table 2) the yield was approximately quantitative even 
with lower catalyst concentrations, and the molecular weight increased with decrease in amount 
of catalyst, especially at the lowest concentrations used. At the higher concentrations of 
catalyst the decrease in molecular weight was very small. The molecular weights here were 
higher than for polyacrylonitrile. 

The dependence of yield and molecular weight on the concentration of monomers was studied 
under otherwise constant conditions. With acrylonitrile (Table 3) the yield decreased with 
increased concentration; the molecular weight was independent of concentration of monomer. 


* For a preliminary account of some of this work, see Proc. Chem. Soc., 1959, 364. 


1 Smith, J. Polymer Sci., 1959, 38, 259. 
* Inoue, Isuruta, and Furukawa, Makromol. Chem., 1959, 36, 778. 
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TABLE 2. Polymerisation of methyl methacrylate. Dependence of yield and 
molecular weight on amount of catalyst. 
Methyl methacrylate (20 ml.; 2-67 moles/l.) was added in one portion to monosodium benzophenone 
prepared in tetrahydrofuran (50 ml.). Polymerisation temp. 0°; time 1 hr. 
Catalyst (mmole) ? 13 25 
[Catalyst] (mole/1.) , 0-185 0-36 
Polymer (g.) 18-5 18-5 
100 100 
0-13 0-11 
41-2 32-6 
* Average molecular weights of the polymers were calculated from intrinsic viscosities, measured 
in toluene at 30°, by use of the equation [y] = 6-87 x 10-5M®7! (Riddle, ‘‘ Monomeric Acrylic Esters,” 
Reinhold, New York, 1954, p. 64). 


TABLE 3. Polymerisation of acrylonitrile. Dependence of yield and 
molecular weight on amount of monomer. 
Acrylonitrile was added in one portion to monosodium benzophenone (6-3 mmoles; 0-09 mole/I.) pre- 


pared in tetrahydrofuran. The total volume of solvent and monomer was kept constant (70 ml.). 
Polymerisation temp. 0°; time 1 hr. 


Monomer (ml.) 
[Monomer] (mole/1.) 
Polymer (g.) 


TABLE 4. Polymerisation of methyl methacrylate. Dependence of yield and 
molecular weight on amount of monomer. 
Methyl methacrylate was added in one portion to monosodium benzophenone (25 mmoles; 0-36 


mole/l.) prepared in tetrahydrofuran. The total volume of solvent and monomer was kept constant 
(70 ml.). Polymerisation temp. 0°; time 1 hr. 


Monomer (ml.) 15 20 
[Monomer] (mole/I.) : , 2-0 2-67 
Polymer (g.) “f 7 12-5 18-5 
89 100 
0-093 0-11 
17-2 25-7 32-6 


TABLE 5. Polymerisation of acrylonitrile. Dependence of yield and 
molecular weight on polymerisation temperature. 


Acrylonitrile (10 ml.; 2-51 moles/l.) was added in one portion to monosodium benzophenone (63 
mmoles; 0-105 mole/l.) prepared in tetrahydrofuran (50 ml.). Polymerisation time 1 hr., temp. as 


Temperature é 0° 40° 
Polymer (g.) 7 
87 87 
0-15 
10-4 5-6 


In the case of methyl methacrylate (Table 4) yield was quantitative with high concentrations of 
monomer, and the molecular weight increased with concentration of monomer. 

The effect of temperature on the polymerisation was investigated between about — 65° and 
+40°. With acrylonitrile (Table 5) the yield was the same for the temperature range — 65° to 
0°, decreasing at the higher temperature. Molecular weights of the polymers obtained at 
lower temperature were much higher owing to the decreased effect of chain transfer. A semi- 
logarithmic plot of molecular weight against the reciprocal of the polymerisation temperature 
gave a straight line, whose slope * corresponds to the difference in activation energy between 
propagation and termination of 2 kcal./mole, as calculated from the equation d In M/dT = 
AE/RT*. Unlike the more reactive acrylonitrile, methyl methacrylate does not polymerise 


* Flory, “ Principles of Polymer Chemistry,”’ Cornell Univ. Press, New York, 1953, p. 218. 
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significantly below —40° (Table 6). The yield was an optimum between —30° to 0°. 
Molecular weights decreased with increase in temperature. , 


TABLE 6. Polymerisation of methyl methacrylate. Dependence of yield and 
molecular weight on temperature. 


Methyl methacrylate (20 ml.; 2-67 moles/l.) was added in one portion to monosodium benzophenone 
(25 mmoles; 0-36 mole/l.) prepared in tetrahydrofuran (50 ml.). Polymerisation time 1 hr., temp. as 
stated. 

Temperature —50° —30° —20° —10° 0° 10° 20° 40° 
Polymer (g.) Trace Trace 15 15 16 18-5 14 10-5 3-5 
Yield (%) ~- 8 80 86 100 75 56 19 
— 135 — 0-125 0-11 0-094 0-083 0-071 
— 43-5 —- 39 32-6 26 22 17-5 


TABLE 7. Polymerisation of acrylonitrile in the presence of added benzophenone. 


Benzophenone was added with stirring to monosodium benzophenone (6-3 mmoles; 0-105 mole/I.) 
prepared in tetrahydrofuran (50 ml.), followed by acrylonitrile (10 ml.; 2-51 moles/l.). Polymerisation 
temp. 0°, time 1 hr. 

Benzophenone added (g.) 
[Benzophenone] added (mole/l.) 


TABLE 8. Polymerisation of methyl methacrylate in the presence of benzophenone. 


Benzophenone was added with stirring to monosodium benzophenone (25 mmoles; 0-36 mole/l.) pre 
pared in tetrahydrofuran (50 ml.), followed by methyl methacrylate (20 ml.; 2-67 moles/l.). Polymer- 
isation temp. 0°, time 1 hr. 


Benzophenone added (g.) 5-5 15-5 
[Benzophenone] added (mole/l.) 0-431 2 


64 4 
0-13 
41-2 7 


2 
Polymer (g.) , 12 5 
“2 


The effect, on the molecular weight, of addition of benzophenone to the monosodium benzo- 
phenone was investigated. With acrylonitrile (Table 7), the molecular weight decreased with 
increasing concentration of added benzophenone, while with methyl methacrylate (Table 8) the 
yield decreased with added benzophenone and the molecular weight of the unfractionated 
polymers increased. 

Some insight into the degree of dispersion of the poly(methyl methacrylates) was obtained 
from the results of rough fractionation of two typical samples of poly(methyl methacrylate) 
(Table 9), one prepared in the presence of sodium benzophenone alone (A) and the other in the 
presence of added benzophenone (B) (1-22 moles/l.). Polymer B was much more dispersed. 
Besides having the typical fractions of A, polymer B contained additional fractions of very high 
molecular weight. The general dispersion of molecular weight of polymer A was not wide. 


TABLE 9. Fractionation of poly(methyl methacrylate). 


Polymer was dissolved in hot toluene (150 ml.) and fractionally precipitated with methanol. 
A. Polymer (9 g.) (M,32,600) prepared as stated in Table 5 with 25 mmoles of catalyst. 


2 3 4 
2-5 2 2 
0-115 0-095 0-09 
34-7 27-1 24-6 
. Polymer (6 g.) (M,76,000) prepared as stated in Table 8 with 15-5 g. of added benzophenone. 
Fraction 2 3 
Wt. of fraction (g.) . 1-5 1 
0-135 0-125 
43-5 39 
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X-Ray diffraction diagrams of samples of the poly(methyl methacrylates) and of the poly- 
acrylonitriles showed no crystallinity, the former even after swelling in toluene, ether, or 
methanol. 

DISCUSSION 


Initiation.—Monosodium benzophenone is believed to be an equilibrium mixture 
between monomeric and dimeric structures: 4 
Lar 5 PhgC*O-Nat 
2Ph°C-ONa == 
PhgC*O-Nat 


For the monomeric ketyl, seven resonating structures are possible, ¢.g.: 


O7Nat* O7Na* O-Nat 


TO-OO-OC 


The possibility that the unpaired electron is on the oxygen atom and the anion on the 
carbon atom is ruled out on energy grounds.® 

It follows that initiation may be by the free radical, by the anion (which is an alkoxide), 
or by both, or by the dianion of the dimeric structure. Polymerisation by the alkoxide 
part will give structure (I), a radical and a propagating anion; during the polymerisation 
two radicals may unite to give the benzopinacol structure (II). This, if free, may initiate 
an anionic polymerisation. The total result would then equal initiation through the 
dimeric structure. 


(I) *CPhytO-CH,CXR —O-CPhy'CPhyO"CHy'CXR (II) 


The initiation step in the polymerisation of acrylonitrile and of methyl methacrylate 
by monosodium benzophenone is through the alkoxide anion, as is substantiated by the 
following evidence: (a) Infrared spectra of our polyacrylonitriles and the poly(methyl 
methacrylates) showed absorption bands at 14—14-1 and 13—13-2 (monosubstituted 
benzene), as well as at 9—9-3 pw (dialkyl ether). The infrared spectra were identical in 
these features with that of acrylonitrile polymerised by sodium benzyl oxide.* (b) A 
copolymerisation experiment carried out under the conditions of Table 1, with acrylonitrile 
(10 ml.) and styrene (10 ml.), stopped after 3 min., gave 5 g. of polymer whose nitrogen 
analysis showed it to be pure polyacrylonitrile. Now the reactivity of styrene in radical 
polymerisation is greater than that of acrylonitrile,” while in anionic polymerisation it is 
very much lower. Therefore, the polymerisation is initiated anionically. (c) The 
reactivity of acrylonitrile is greater than that of methyl methacrylate; this is compatible 
with anionic polymerisation. (d) Polymerisation was effective even at —65° for acrylo- 
nitrile and at —30° for methyl methacrylate. 

Further evidence for the initiation was obtained from the depolymerisation of a 
purified typical poly(methyl methacrylate) by heat; this gave benzophenone and diphenyl- 
methanol besides monomer (see Experimental). The former two compounds can result 
from the decomposition of benzopinacol § groups present in the polymer. These findings 


H+[CMe(CO,.Me)*CHy]n"O*CPhy’CPhy*O-[CHy*CMe(COMe) in" ——t> COPh, + CHPhyOH + Monomer 


also suggest that after initiation by alkoxide rapid dimerisation of the remaining free 
radicals of the ketyl occurs. 


* Wheland, ‘“‘ Advanced Organic Chemistry,”” Wiley, New York, 1949, 2nd edn., p. 719. 

5 Bent and Keevil, J]. Amer. Chem. Soc., 1936, 58, 1367. 

® Zilkha, Feit, and Frankel, J., 1959, 928. 

? Alfrey, Bohrer, and Mark, ‘‘ Copolymerisation,” Interscience Publ., Inc., New York, 1952, pp. 
231—232. 

® Thoerner and Zincke, Ber., 1877, 10, 1473; Valeur, Bull. Soc. chim. France, 1904, $1, 1219. 
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Termination.—The mode of termination of the polymerisation of acrylonitrile may be 
understood from the annexed scheme. 


ki 
Initiation C+ M— > CM 


kp 
Propagation CM- + M—»> CMM- 


ke 
Termination CM,” + M—~» CM,H + M- 


The degree of polymerisation, assuming termination by chain transfer to the monomer: 
P*CHg*CH(CN)~ + CHg:CH*CN ——3 P*CHg*CHg*CN + CH,.C(CN)~ 


is given by kp[M][CM,]/&,{M][CM,] = Constant. In accordance with this scheme we have 
shown that the molecular weight is independent of both catalyst and monomer con- 
centrations and that the polyacrylonitriles contain terminal (CH,=) double bonds shown 
by infrared absorption bands at 5-9—6-1 yu; this is consistent with the assumption that 
termination is by chain transfer to monomer. 

Methyl methacrylate, not possessing a reactive «-hydrogen atom, cannot have this mode 
of termination. This is indicated by the absence of infrared absorption bands at 5-9— 
6-1 u for methylene double bonds. Further, the polymerisation mixture contained tetra- 
hydrofuran, monomer, and monosodium benzophenone, none of which is able to donate a 
proton for termination of the anionic polymerisation. 

In recent work ® on the anionic polymerisation of methyl methacrylate it was camel 
that termination can occur by the interaction of a growing anion with the ester group of 
the monomer or polymer, as in a Grignard reaction, with splitting off of a methoxide anion; 
no direct evidence was given, however, that such termination does occur during the 
polymerisation. The suggestion that termination may proceed by shift of an ester 
group, leaving an unreactive carboxyl anion, has been contested on energy grounds." 
However, recent work of more exact nature on the anionic polymerisation of methyl 
methacrylate by anionic initiators has shown that self-termination, especially at low 
temperature, is negligible and that living polymers are obtained. 

Acrylonitrile was added (see Experimental); at the end of the reaction, to the polymeris- 
ation mixture of methyl methacrylate after the consumption of catalyst (disappearance 
of the colour of the ketyl) and was polymerised to completion. The mixture obtained of 
poly(methyl methacrylate) and polyacrylonitrile yielded a small amount of a block 
polymer of acrylonitrile and methyl methacrylate containing 30—40% of acrylonitrile. 
Infrared spectra of the block polymers showed bands due to the nitrile group of the 
polyacrylonitrile at 4-4 » and to methyl methacrylate at 5-8 u. 

This shows that carbanion propagation centres, still intact, of poly(methyl meth- 
acrylate) were present. The relatively small amount of block polymer and large amount of 
free polyacrylonitrile can be explained by the fact that most of the polymerisation of this 
monomer after initiation by some active centres of the poly(methyl methacrylate) occurred 
by chain transfer with monomer. This seems plausible as polymerisation would start 
more easily with an active monomer anion, obtained by chain transfer (see following 
scheme), than with a polymeric chain (the latter being also of a different character from 
the monomer). 


P*CHy*CMe(CO,Me)~ + CH,:-CH*CN ——t> P*CH,*CMe(CO,Me)*CH,*CH(CN)- (X) 
X + CHg:CH*CN —— a P*CHy’CMe(CO,Me)*CHg°CH,"°CN + CH,:C(CN)- 
Termination by Active 


. ‘ 
chain transfer monomer 


anion 


* Schreiber, Makromol. Chem., 1959, 36, 86. 
© Szwarc and Rembaum, /. Polymer Sci., 1956, 22, 189. 
™ Wenger, Chem. and Ind., 1959, 35, 1094. 
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Confirmation of this was that the free polyacrylonitrile obtained did not show infrared 
absorption bands at 13—13-2 and 14—14-1 u (monosubstituted benzene) as does poly- 
acrylonitrile formed by initiation with sodium benzophenone. It shows absorption at 
5-9—6-1 » for methylene double bonds. 

Recent work ! on the polymerisation of styrene by sodium naphthalene showed that 
the living polymers obtained were not sharply monodispersed and that the molecular weights 
at high concentrations of catalyst deviated very considerably from what should have been 
expected from Szwarc’s equation: * D.P. = [M]/3}[C]. This was explained by the fact 
that not all catalyst molecules start polymerisation and that the monomer adds more 
readily to a growing anion than to catalyst. In our case, it is quite possible that not all 
the catalyst molecules start polymerisation, for it is plausible that monomer adds more 
readily to a growing carbanion (which is much stronger than an alkoxide anion). There- 
fore, the molecular weight of the resulting polymers can be only slightly affected by increas- 
ing amounts of catalyst, especially at the higher concentrations, as found experimentally, 
It is also possible that the dispersion of molecular weight is not sharp, even if no termin- 
ation exists. This is indicated by the fractionation. 

At different temperatures there could be deviations in molecular weight depending on 
the reactivity of the alkoxide starting the polymerisation. It is expected that at higher 
temperatures more catalyst would participate in the initiation, lowering the molecular 
weight. Temperature may also affect the degree of dissociation of the ketyl between 
monomeric and dimeric structures which may have different activities as initiators. This 
fact also can partly account for the change in molecular weight. 

Increase in molecular weight with concentration of monomer is possible if termination 
is absent or very slow. The living poly(methyl methacrylate) can also be stabilised by 
such resonating structures as: 

O=C-OMe —O°C-OMe 
<> -{ 
—CH,’CMe— —CH,°CMe 
These resonance-stabilising factors are of course much weaker than in the case of living 
polystyrene.!4 

Termination in the Presence of Added Benzophenone.—Benzophenone can add to the 

propagating anion to give an alkoxide: 


P*CHy*CXR- ++ PhyCO ——p P*CH,CXR*CPh,‘O- 


This alkoxide which is weaker than a carbanion, is able to propagate additional polymeris- 
ation. In the case of the polymerisation of acrylonitrile, polymerisation may not be 
propagated by these alkoxides, owing to their relatively low concentration, the insolubility 
of the polymer formed, and the great possibilities of initiation from chain-transfer reactions 
with monomer. Thus benzophenone acts largely as terminator and its addition to the 
polymerisation mixture leads to a lowering of molecular weight, as was found. 

It appears plausible that the reaction of the growing anion with benzophenone, similar 
to that of a Grignard reagent, is comparatively slow, especially at low temperature, so that 
“‘ termination ’’ does not occur at the same time on all the growing carbanions; thus, with 
methyl methacrylate the carbanions which were not “‘ terminated ’’ would increase greatly 
in molecular weight, because more monomer is available to them. This leads to a small 
fraction of the polymer’s attaining very high molecular weight. This is supported by the 
results of the fractionation. 

EXPERIMENTAL 

Materials.—Nitrogen was freed from oxygen by passage through a quartz tube containing 
fresh copper wire at 600°, then through a 5% alkaline permanganate solution followed by a 

12 Lyssy, Helv. Chim. Acta, 1959, 42, 2245. 


13 Waack, Rembaum, Coombes, and Szwarc, J. Amer. Chem. Soc., 1957, 79, 2026. 
M Frankel, Ottolenghi, Albeck, and Zilkha, /., 1959, 3858. 
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20% solution of pyrogallol in 20% aqueous sodium hydroxide, and was dried by concentrated 
sulphuric acid. Tetrahydrofuran was dried over sodium hydroxide, refluxed over lithium wire, 
distilled, and boiled under nitrogen before use. Benzophenone (B.D.H.), m. p. 47—48°, was 
dried in a vacuum-desiccator. Acrylonitrile was purified (cf. Bamford and Jenkins) by 
successive washings with 5% sulphuric acid, 5% aqueous sodium carbonate, and water. After 
being dried (CaCl,), it was fractionally distilled at atmospheric pressure and stored in the dark 
over calcium chloride. Immediately before use, it was filtered and fractionally distilled 
in vacuo under nitrogen; the middle fraction, about 70%, was used. Methyl methacrylate was 
dried over sodium sulphate and before use was fractionally distilled under nitrogen at 
atmospheric pressure and then in vacuo; the middle fraction, about 70%, was used. Toluene 
was dried over sodium and distilled. Dimethylformamide was fractionally distilled. 

Preparation of Monosodium Benzophenone.—The preparation of catalyst and the polymeris- 
ations were carried out under nitrogen. Into a three-necked flask fitted with a high-speed 
stirrer, a gas-adapter for introducing nitrogen, and a thermometer, tetrahydrofuran (50 ml.), 
sodium wire (1 equiv.; diam. 0-5 mm.) and benzophenone (1 mol.) were added, and the mixture 
was stirred. The blue colour of the ketyl appeared in a few minutes and the mixture was 
stirred for 15 min. thereafter. No residual sodium was found. The preparations were carried 
out on a 0-002—0-06 molar scale. Yield was determined by titration of filtered solutions. It 
was checked by the differential titration method,’ the reaction with benzyl chloride being carried 
out for 30 min. at 40° (benzyl chloride reacts with the ketyl by the Williamson reaction to form 
ethers). Blank determinations were also carried out. Three trial checks on the yield gave 
95 + 5% when the above procedure was followed carefully. 

Polymerisation of Monomers.—To the monosodium benzophenone prepared as described; 
dissolved in the required amount of.tetrahydrofuran and cooled to the required temperature, 
cooled monomer was added in one portion with stirring. The temperature of the polymeris- 
ation was kept constant. The polymerisation was stopped after the required time by addition 
of 20 ml. of a 1:1 mixture of concentrated hydrochloric acid and methanol. Polyacrylo- 
nitrile was filtered off, washed with dilute hydrochloric acid, water, methanol, and ether (to 
remove benzophenone and monomer), and dried at 60°. Poly(methyl methacrylate) was 
precipitated from its solution in tetrahydrofuran by methanol. The polymer was usually 
precipitated in a sticky condition and was kept under methanol until it completely solidified. 
It was then filtered off, washed with methanol, dilute hydrochloric acid, water, and methanol, 
and dried in a vacuum-desiccator. 

All polymerisation experiments were checked for reproducibility. 

Polymer samples were further purified and dried for molecular-weight determinations. 
Viscosities of polymer solutions were measured in an Ostwald viscosimeter. 

Depolymerisation of Poly(methyl methacrylate) by Heat.—Poly(methyl methacrylate) (10 g.), 
prepared as stated in Table 5 with 25 mmoles of catalyst, was triturated several times with hot 
methanol and filtered to ensure the complete absence of benzophenone. Evaporation of the 
methanol filtrate left no residue. The polymer was dried and then heated in vacuo at temper- 
atures between 300° to 370° to effect depolymerisation. A colourless, and then a small quantity 
of a yellowish, liquid distilled. This mixed distillate was fractionated in vacuo. The main 
fraction was methyl methacrylate (refractive index). A second very small fraction had b. p. 
155—175°/10 mm. (cf. benzophenone, diphenylmethanol) ; it gave a 2,4-dinitrophenylhydrazone, 
m. p. 238° (cf. the derivative of benzophenone; mixed m.p.). This fraction also gave a sensitive 
yellow colour reaction with concentrated sulphuric acid, as does diphenylmethanol but not 
benzophenone. In ethanol it showed maximum absorption at 252 my (benzophenone) and 
214 mu (diphenylmethanol). 

Preparation of a Block Polymer of Methyl Methacrylate—Acrylonitrile—Methyl methacrylate 
(20 ml.) was polymerised as stated in Table 5, with 6-3 mmoles of catalyst. After 2 hr. the 
polymerisation mixture was yellow (disappearance of ketyl). Acrylonitrile (10 ml.) was added 
and the reaction carried out for 10 min. 26 g. of polymer were obtained (~100%). Polymer 
(8 g.) was fractionated by consecutive extractions with boiling solvents (50 ml. each), as follows: 
three times with benzene, twice with acetone, twice with ethyl methyl ketone, once with 
dioxan, and once with chloroform. The benzene extract (5 g.) contained no nitrogen and was 
pure poly(methyl methacrylate). The acetone extract (0-5 g.) contained 8-7% of nitrogen, 

* Bamford and Jenkins, Proc. Roy. Soc:, 9953, A, 216, 515. 

** Williams, Van Den Berghe, Dunham, and Dulmage, J. Amer. Chem. Soc., 1957, '79, 1716. 





3364 Bunton, James, and Senior: 


showing it to consist of polyacrylonitrile 33% and poly(methyl methacrylate) 67%. The ethyl 
methyl ketone extract (0-1 g.) contained 9-8% of nitrogen, showing it to consist of polyacrylo- 
nitrile 37% and poly(methyl methacrylate) 63%. The dioxan and chloroform extracts 
contained no solute. The residue (2 g.) contained 25-3% of nitrogen, corresponding to 
approximately pure polyacrylonitrile. Infrared spectra of the block polymers showed the 
absorptions of both polyacrylonitrile and poly(methyl methacrylate). 


DEPARTMENT OF ORGANIC CHEMISTRY, THE HEBREW UNIVERSITY, 
JERUSALEM, ISRAEL. [Received, February 25th, 1960.) 


672. Tracer Studies in Ester Hydrolysis. Part VIII.* The Oxygen 
Exchange between Water and Carboxylic Acids. 
By C. A. Bunton, D. H. JAMEs, and J. B. SENIOR. 


The rate of exchange of oxygen atoms between water and benzoic acid, 
in aqueous sulphuric and perchloric acid, is proportional to the concentration 
of hydrogen ions. The entropy of activation is ca. —30e.u. The rate of 
exchange between mesitoic acid and water, in aqueous dioxan and catalysed 
by perchloric acid, is proportional to Hammett’s acidity function, A», and 
the entropy of activation is ca. +9 e.u. The results suggest that the 
mechanism of exchange of benzoic acid is bimolecular, and that of mesitoic 
acid unimolecular. 


THE acid-catalysed oxygen exchange between water and benzoic acid is analogous to 
carboxyl esterification and hydrolysis.1_ Recently it was shown that the rates of oxygen 
exchange of substituted benzoic acids were little affected by substituents in the ortho- and 
para-positions, but that di-ortho-substituents decreased the rate. This suggested a 
bimolecular mechanism for oxygen exchange. The rates of hydrolyses of several alkyl 
benzoates * were proportional to the acid concentration. In contrast, the rate of hydrolysis 
of methyl mesitoate was dependent upon the Hammett acidity function, h».* These 
results suggest that the first group of reactions have the bimolecular, A-2, mechanism, 
whereas the hydrolysis of methyl mesitoate has the unimolecular, A-1, mechanism.‘ This 
is in agreement with other evidence.®® 

We have extended the experiments on the oxygen exchange of carboxylic acids to 
concentrations of mineral acids sufficiently high for application of the Zucker-Hammett 
hypothesis. We have also measured the entropies of activation, because it has been 
shown that these are usually negative for bimolecular, A-2, reactions, and near to zero or 
positive, for unimolecular A-1 reactions.? The oxygen exchange of benzoic acid was 
followed with sulphuric and perchloric acid in water. Mesitoic acid is only slightly soluble 
in water, so dioxan—water (60 : 40 v/v) was chosen as solvent. The values of the Hammett 
acidity function for perchloric acid in this solvent are known.® 

The first-order rate coefficients for oxygen exchange (k,) are given in the Table, which 
also illustrates the variation of exchange rates with the concentrations of catalysing acids. 

Benzoic Acid.—The rate of oxygen exchange in water is directly proportional to the 


* Part VII, /., 1958, 3718. 


1 Herbert and Lauder, Trans. Faraday Soc., 1938, 34, 1219; Roberts and Urey, J. Amer. Chem. Soc., 
1939, 61, 2580. 

2 Bender, Stone, and Dewey, J]. Amer. Chem. Soc., 1956, 78, 319. 

* Chmiel and Long, J. Amer. Chem. Soc., 1956, 78, 3326. 

* Zucker and Hammett, J. Amer. Chem. Soc., 1939, 61, 2791; Long and Paul, Chem. Reviews, 1951, 
57, 935. 

5 Treffers and Hammett, J. Amer. Chem. Soc., 1937, 59, 1708. 

* Day and Ingold, Trans. Faraday Soc., 1941, 87, 686; Newman, J. Amer. Chem. Soc., 1941, 68, 
2431. 

7 Taft, J. Amer. Chem. Soc., 1952, 74, 5372; Long, Pritchard, and Stafford, ibid., 1957, '79, 2362. 

® Bunton, Ley, Rhind-Tutt, and Vernon, J., 1957, 2327. 
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concentration of sulphuric acid. The rate is slightly less for the same molar concentration 
of perchloric acid [Table, section (i)]. The sum of log k, + Hy is not constant, but 
decreases steadily with increasing concentration of acid. This good correlation between 
rate coefficient and concentration of acid is interesting because the rates of A-2 reactions 
are not usually exactly proportional to concentration of acid. The rates of hydrolyses of 
primary alkyl benzoates do, however, show this proportionality.* This evidence for a 
bimolecular, A-2, mechanism is supported by the value of the entropy of activation, 
AS* = —30 e.u., which is in the range usually observed for A-2 reactions. The activation 
energy, 16 kcal. mole, is much lower than that for the oxygen exchange of mesitoic acid, 
but is in the range typical of ester hydrolysis by mechanism A 4,2. 

The oxygen exchange between carboxylic acids and water can be regarded as an 
esterification by water, and the rate of exchange of benzoic acid is similar to its rate of 
esterification, and to the rates of acid hydrolyses of primary alkyl benzoates (cf. ref. 1). 
Our results confirm this; the second-order rate constant for the hydrolysis of methyl 
benzoate in aqueous perchloric acid at 90° is 1-9 x 10* 1. mole? sec., and at 
the same temperature and acidity the estimated value for the oxygen exchange is 
9 x 10*1. mole™ sec.*. 

Mesitoic Actd.—The rate of oxygen exchange of mesitoic acid in aqueous dioxan is not 
proportional to the concentration of perchloric acid [Table, section (ii)]. The sum of 


Oxygen exchange between carboxylic acids and water. 
(i) Benzoic acid. In water at 73-0° with sulphuric acid unless otherwise specified. 
[Acid] (m) 1-55¢ 1-96 3-00°¢ 0-994 
4-0 6-66 10 2-74 
3-4 3-3 2-8 
0-19 —0-07 0-39 
10*k, (sec.~*) 
10*%,/(H*] 
(ii) Mesitoic acid. In dioxan-water (60:40 v/v) with perchloric acid at 100° unless otherwise 
specified. 
[HC10,] (m) , 1-20 2-09 2-93 3-78 3-004 
10°, (sec.~1) , 14-7 104 584 3800 27-4 
10°, /(H*] , 1-22 5-00 19-9 101 
logk, +H, +7 ; ° . 1-7 1-8 
* Perchloric acid. *® At 101°. * Two point-runs. 4 At 73°. 


log k, + Hy is nearly constant, showing that the rate is proportional to Hammett’s acidity 
function, hy, and a plot of log k, against —H, has a slope of 0-97. This is the result 
expected for an A-1 mechanism. The value of the entropy of activation, AS* = +9 e.u., 
supports this conclusion, and the value of the energy of activation, 33 kcal. mole, is 
much larger than that for the bimolecular oxygen exchange between benzoic acid and 
water (see above). 

The acid hydrolysis of methyl mesitoate is an A-1 reaction,? almost certainly with 
acyl-oxygen fission. Direct comparison between its rate and that of the oxygen exchange 
of mesitoic acid cannot be made, because the solvents are different. Comparison can be 
made between rates at the same values of Hammett acidity, Hy. For the oxygen exchange 
of mesitoic acid at H, = —1-78, at 90°, the estimated value of k, is 12 x 10° sec.~1, and is 
very similar to the value of 3-1 x 10° sec.1, for the hydrolysis of methyl mesitoate, 
catalysed by perchloric acid, at that temperature and Hammett acidity, but in water the 
agreement is even better if comparison is made between the rates of exchange in aqueous 
dioxan containing perchloric acid, aad those of ester hydrolysis in aqueous sulphuric acid. 
It is known that the rates of A-1 reactions often differ for the same values of —H, in 
different solvents,®-® so this close agreement between oxygen exchange and ester hydrolysis 


® Pritchard and Long, J. Amer. Chem. Soc., 1958, 80, 4162; Satchell, J., 1957, 3524. 
5Q 
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may be partly fortuitous. The analogy between esterification and oxygen exchange can 
therefore be extended to the unimolecular mechanism with acyl-oxygen fission. 
The two mechanisms of oxygen exchange can be written as: 
R°CO,H + H+ === R°CO,*H, (fast) 
A-2, e.g., benzoic acid: 
R*CO4+H + H,!89O === R'C!#0-OtH, + HO 
A-l, e.g., mesitoic acid: 


+ 
R-CO,+H === R'CO- + H,O 


The bimolecular exchange can be formulated either as a nucleophilic addition ? or as a 
synchronous displacement; our results do not differentiate between these possibilities. 

We cannot make a direct comparison between the rates of the bimolecular exchange of 
benzoic acid and the unimolecular exchange of mesitoic acid, because solvents are different. 
However, the results of Bender, Stone, and Dewey * show that in dioxan—water (33 : 67 v/v) 
containing 0-07mM-hydrochloric acid, the oxygen exchange of benzoic acid is 1000 times 
faster than that of mesitoic acid. The relative rates of the hydrolyses of a primary alkyl 
benzoate by mechanism A,,2 and methyl mesitoate by mechanism A 4,1 are similar.* 


EXPERIMENTAL 

Materials.—Mesitoic acid, prepared from mesitylene,! had m. p. 154°. Benzoic acid had 
m. p. 122°. 

Dioxan was purified by the usual method.!44 The aqueous dioxan contained 60 vol. of 
dioxan and 40 vol. of water at room temperature; solutions of perchloric acid in aqueous dioxan 
were made up from 72% perchloric acid so that the dioxan—water ratio was kept constant. 

Kinetics.—In all experiments the isotopic tracer was in the water. 

Benzoic Acid.—Benzoic acid (ca. 0-05 g.) was put into an ampoule and 10 c.c. of H,#*0 
containing either sulphuric or perchloric acid were added. The sealed ampoules were shaken 
vigorously in a thermostat. The solubility of benzoic acid is lower in acid than in water, and 
it was necessary to use finely powdered benzoic acid for the runs with the higher 
concentrations of mineral acid. At definite times the ampoules were cooled to 0°, and the 
precipitated benzoic acid was removed by filtration. It was washed with small amounts of 
ice-water and then converted into silver benzoate by adding silver nitrate in aqueous ethanol 
to a solution of benzoic acid at pH 4. The silver benzoate was washed successively by water, 
ethanol, and ether, and dried in a vacuum desiccator. It was decomposed to carbon dioxide by 
heating in vacuo, and the oxygen-18 content of this gas was determined mass spectrometrically. 

Mesitoic Acid.—All the exchanges were in dioxan—water (60: 40 v/v) containing perchloric 
acid. The procedure was similar to that described for the exchange of benzoic acid, except 
that ca. 0-4 g. of mesitoic acid was dissolved in 10 c.c. of the solvent. At definite times the 
contents of the cooled ampoules were poured into ca. 400 c.c. of distilled water. The mesitoic 
acid was removed by filtration, washed by water, and dried in a vacuum desiccator. It was 
decomposed to carbon monoxide by passing it over red hot carbon in vacuo. The isotope 
analysis was made mass spectrometrically. 

Mesitoic acid is slowly decarboxylated in strong acids; }* this would not affect the kinetics 
of oxygen exchange. The amount of decarboxylation was small in our experiments, because 
little gas was released when the ampoules were opened. 

In both sets of experiments the water was in large excess over the carboxylic acid, and the 
first-order rate coefficient of oxygen exchange, with respect to the carboxylic acid, is 


k, = 2 x 2:3 d log (Ny,o — Nr-oo,n)/dt 
where Ny, is the isotopic abundance of the water and Np.o0,n that of the carboxylic acid at 
time #. The isotopic abundances are in atom % above normal. Examples of the experimental 


10 Org. Synth., 1941, 21, 78. 
1 Vogel, ‘‘ Practical Organic Chemistry,”” Longmans Green, London, 1948, p. 175. 
12 Schubert, J. Amer. Chem. Soc., 1949, 71, 2639. 
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results are given below. The entropy and energy of activation were calculated by using the 


formula 
hk, = (ekT/h) exp (AS*/R) exp (—E/RT) 


Benzoic acid: [H,SO,] = 110m. Water. Temp. 73-0°. Nuy,o = 0-980 atom % excess. 


Time (min.) 39 54 90 123 
Nr.-co 0-443 0-623 0-716 


10%, = 3-64 sec.-1. 


Mesitoic acid : [HClO,] = 30m. Dioxan—water (60:40 v/v). Temp. 73-0°. Ny,o = 0-880 atom % 
excess. 


Time (hr.) 96 192 314 360 
0-355 0-521 0-680 0-790 


10°, = 2-74 sec.}. 


The values were calculated from the interpolated rates of exchange at 1m-sulphuric acid for 
benzoic acid and 3m-perchloric acid for mesitoic acid. 


We thank Messrs. F. Bloss and P. Chaffe for technical assistance. 


WILLIAM RAMSAY AND RALPH ForRSTER LABORATORIES, 
UNIVERSITY COLLEGE, GOWER StT., W.C.1. [Received, March 10th, 1960.] 


673. The Bromination and Nitration of Acridine 10-Ozide. 
By R. M. AcHEson and B. Apcock with G. M. GLovER and L. E. Sutron. 


Acridine 10-oxide has been prepared. It undergoes bromination and 
nitration at position 9. The structures of the products were established by 
hydrolysis to 10-hydroxyacridone, by conversion into 9-chloroacridine with 
phosphorus trichloride, and in the case of the bromo-compound also by 
synthesis from 9-bromoacridine. The electric dipole moments of acridine, 
9-phenylacridine, and their 10-oxides have been measured and used to study 
the electron shifts within the 10-oxides. 


ELECTROPHILIC bromination and nitration of acridine (I) take place’ quite rapidly at 
positions 2 and 7; further substitution at positions 4 and 5 occurs under more vigorous 
conditions. Electrophilic reagents attack pyridine slowly at position 3. Pyridine 
l-oxide, however, is nitrated mainly at position 4, though bromination and sulphonation 
still occur largely at position 3 for reasons which are not entirely clear. It was therefore 
of interest to see if the conversion of acridine into its 10-oxide would alter the pattern of 
electrophilic substitution. 

Acridine 10-oxide, erroneously called “ acridol,” was first obtained 
on reduction of 10-hydroxyacridone ? by sodium amalgam and as a by- 
product from the reaction * between 2-nitrobenzyl chloride and benzene 
in the presence of aluminium chloride; its structure was recognised 
later.456 Monoperphthalic acid has been used’ for the oxidation of 
some acridines to their 10-oxides, but for acridine itself the best oxidant 

is stated to be perbenzoic acid in benzene 5 or chloroform.’ 
Our highest yield of the 10-oxide on use of perbenzoic acid in chloroform was 19%, in 
contrast to the 50% claimed earlier. This was obtained with a short reaction time at room 
1 Acheson, “‘ The Acridines,” Interscience Publ., Inc., New York, 1956, p. 60. 
® Kliegl and Fehrle, Ber., 1914, 47, 1629. 
3 Drechsler, Sitzungsber. Akad. Wiss. Wien, 1914, 128, 51. 
* Tanasescu and Ramontianu, Bull. Soc. chim. France, 1934, 1, 547. 
: Kliegl and Brésamle, Ber., 1936, 69, 197. 
7 


Lehmstedt and Klee, Ber., 1936, 69, 1155, 1514. 
Pushkareva and Varyukhina, Doklady Akad. Nauk U.S.S.R., 1955, 108, 257. 
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temperature, but even so the major product of the reaction was a yellow compound, also 
noted earlier, the structure of which will be discussed in a later communication. Initially, 
great difficulty was experienced in obtaining the 10-oxide analytically pure and free from 
the yellow compound as they appear to crystallise together. This accounts for the low 
melting point and poor analytical data® obtained by others. Oxidation of 9-phenyl- 
acridine under the same conditions gave only the 10-oxide, which had previously been 
obtained by another route,® while 9-aminoacridine was unattacked. The last observation 
is in line with the failure # to convert 6,9-diamino-2-ethoxyacridine into its 10-oxide but is 
not in accord with the claims that Atebrin gives a di-N-oxide dihydrochloride (Found: 
C, 54:3; H, 6-7. Calc. for C,,H,,0,N,C1,2HC1: C, 54:7; H, 63%) with either perbenzoic 
acid’ or 3% aqueous hydrogen peroxide ™ although the products of these reactions are 
identical. It is consistent with the suggestion that the compound is the dihydrochloride 


Fie. 1. Fic. 2. 














2000 3000 4000 “ 3000 4000 5000 
Wavelength (A) 


Fic. 1. Acridine 10-oxide in methanol: A, neutral; B, basified; C, acidified. 
Fic. 2. 10-Hydroxyacridone in methanol: A, neutral; B, basified. 


monohydrate of the mono-N-oxide of the side-chain tertiary nitrogen atom (Calc. for 
Cy3H g9,N,C1,2HC1,H,O: C, 54-5; H, 6-7%); N-oxides are notorious for the ease with 
which they form hydrates. 

The bromination of acridine 10-oxide in acetic acid gave a monosubstituted product 
which was identical with 9-bromoacridine 10-oxide, prepared from 9-bromoacridine and 
perbenzoic acid. The position of the bromine atom was confirmed by refluxing this latter 
oxide with phosphorus trichloride in chloroform: 9-chloroacridine was then obtained 
through deoxygenation and halogen exchange; further, heating it with dilute hydro- 
chloric acid gave 10-hydroxyacridone. The ultraviolet absorption spectra of acridine 
10-oxide (Fig. 1) and 10-hydroxyacridone (Fig. 2), prepared by a modification of a published 
method,” are shown as they differ significantly from earlier curves.!-14 

Acridone did not dissolve in refluxing phosphorus tribromide, but reacted vigorously 
on the addition of bromine to yield 9-bromoacridine identical in melting point with that 
obtained earlier’® from acridine-9-thione, red phosphorus, and bromine. 9-Bromo- 
acridine with phosphorus trichloride in refluxing chloroform gave 9-chloroacridine. 

® Euler and Hasselquist, Arkiv Kemi, 1959, 12, 584. 

* Lehmstedt and Dostal, Ber., 1939, 72, 1071. 

1® Khaletskii, Pesin, and Chou Tsing, Zhur. obshchei Khim., 1958, 28, 2821. 

11 Linkser and Bogert, J. Amer. Chem. Soc., 1946, 68, 192. 

18 Kliegl and Fehrle, Ber., 1914, 47, 1629. 

18 Dima and Pogdneanu, Bull. Sect. sci. Acad. Roumanie, 1939, 22, 19. 


1 Lehmstedt and Dostal, Ber., 1938, 71, 2432. 
18 Edinger and Arnold, J. prakt. Chem., 1901, 64, 471. 
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Nitration of acridine 10-oxide in nitric-sulphuric acid gave the 9-nitro-derivative, as 
shown by its conversion into 9-chloroacridine by phosphorus trichloride, and into 10- 
hydroxyacridone by acid-hydrolysis. 

The electric dipole moments of acridine, 9-phenylacridine, and their 10-oxides have 
been determined. These new measurements permit comparisons of the changes of electric 
dipole moment which occur when oxygen is attached to nitrogen in these compounds. 
The relevant values are tabulated. 


Dipole moments (D). 


Base N-Oxide Difference 
BENE. sveisrciscessvecnvastos — 2-22 —4-24 — 2-02 
LE RA ee —2-13 + 0-03 —3-90 + 0-02 —1:77 
9-Phenylacridine ............ —2-49 + 0-03 —413 + 0-01 — 1-64 


As the aromatic system increases in size the numerical difference between the N-oxide 
and the parent compound decreases. The moments may all be ascribed negative signs, 
meaning that the negative pole of the dipole is pointed towards the hetero-atom or -atoms; 
so the differences (u N-oxide u parent) are all negative. The change in these, when the 
aromatic system increases in size, is positive. This could mean that the importance of 
canonical structures containing the unit ~N* = O and with formal negative charges on 
ring-carbon atoms increases with the size of the system. The increase between the acridine 
and the 9-phenylacridine case indicates in particular that there is an appreciable degree 
of conjugation across the transannular C-C bond, although Stuart models showing the 
effect of van der Waals radii indicate that the phenyl group cannot lie coplanar with the 
acridine ring system. 

The procedure suggested by Bax, Katritzky, and Sutton ' for evaluating the moment 
due to the inward “ drift ” of electrons from oxygen in the aromatic N-oxides cannot be 
employed here because there are no results for the acridine-BX, complexes. Linton’s 
procedure,!” involving comparisons with trimethylamine oxide by the relation 


Au = u(acridine 10-oxide) — (acridine) 
— [pu(trimethylamine oxide) — pu(trimethylamine)] 


may not have as good absolute significance but gives results which are valuable for their 
relative significance, namely, as shown: 
Fractional charge 






Compound Ap (D) transferred 
Pyridine l-oxide ......... iddintbbandee 2-35 0-573 
PAEERS WE-OEEED occccccvccccecssccscssccssses 2-60 0-634 
9-Phenylacridine 10-oxide ...............+ 2-73 0-666 


Taking the probable length of the N-O bond as 1-32 A, and assuming a part of the electron 
charge to be transferred from the oxygen atom to the carbon atom in the 4- or the 9- 
position in pyridine and acridine respectively, gives the approximate fractional charges 
transferred as in the last column. 

Electrophilic attack on the acridine ring system at position 9, usually susceptible only 
to nucleophilic reagents, has not been recorded previously and it is noteworthy that both 
nitration and bromination of acridine 10-oxide occur at this position. This is in agree- 
ment with the comparatively, large fractional charge transferred to position 9. In the 
case of pyridine 1l-oxide the fractional charge transferred is smaller, and nitration, but not 
bromination, occurs at position 4. 


EXPERIMENTAL 
The ultraviolet absorption spectra were determined for MeOH solutions, and the infrared 
spectra for paraffin pastes in the 2-5—15 p region. 
Acridine 10-Oxide.—Acridine (20 g.) in chloroform (200 ml.) was treated with perbenzoic 


16 Bax, Katritzky, and Sutton, J., 1958, 1258. 
Linton, J. Amer. Chem. Soc., 1940, 62, 1945. 
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acid (16-8 g., 10% excess) in chloroform (500 ml.) at room temperature. The mixture rapidly 
became bright red and after 10 min. was washed with 2N-sodium hydroxide (500 ml.), dried 
(MgSO,) at 0° for 2 hr., and evaporated to dryness at room temperature; a tar was often formed 
but solidified on trituration with ether. The solid was washed with aqueous 2N-sodium 
hydroxide until the washings were colourless; crystallisation from aqueous ethanol followed 
by washing with alkali and one further recrystallisation gave acridine 10-oxide as hygroscopic 
yellow needles (4-1 g., 18-7%), m. p. 169° (Found: C, 80-0; H, 4-6; N, 7-4. Calc. for C,,H,NO: 
C, 80-0; H, 4:7; N, 7-2%). Vmax, 3°05, 5-97, 6-20, 6-41, 6-52, 6-86, 6-96, 7-10, 7-29, 7-58, 7-80, 
7-97, 9-04, 9-21, 10-25, 10-35, 10-99, 11-62, 12-84, and 13-42 1; the maximum at 3-05 u is due to 
water absorbed while the paste was being formed and that at 7-58 u is probably the N-O 
stretching frequency. 

9-Bromoacridine 10-Oxide.—(i) Bromine (3 ml.) was added to acridine 10-oxide (0-85 g.) in 
glacial acetic acid, and the mixture heated at 100° for 24 hr.; then the excess of bromine and 
most of the acetic acid were removed in vacuo. Dilution with water (10 ml.) and pouring into 
16% aqueous ammonia (100 ml.) gave a brown solid, which was washed, dried, and chromato- 
graphed in benzene on alumina. Evaporation of the eluate gave 9-bromoacridine 10-oxide 
(0-55 g.) which crystallised from acetonitrile in yellow needles, m. p. 174° (Found: C, 56-9; 
H, 3-0; N, 5-0; Br, 29-4. C,,H,ONBr requires C, 56-9; H, 2-9; N, 5-1; Br, 29-2%), Amax, 2180 
(log © 4-42), 2690 (4-58), 3775 (3-59), 4080 A (3-70), 4250 (3-79), 4500 (3-68), Vmax 6°19, 6°56 
6-84, 7-01, 7:30, 7-58, 7-79, 9-07, 9-83, 10-90, 12-91, 13-10, and 13-22 uw. (ii) A mixture of 
9-bromoacridine (0-2 g.) and perbenzoic acid (0-14 g.) in chloroform (9 ml.) was left for 1 hr. 
at room temperature and then washed with aqueous 2N-sodium hydroxide (2 x 50 ml.). The 
chloroform was dried (MgSO,) and evaporation gave the 10-oxide which separated from 
acetonitrile in yellow needles (0-2 g.), m. p. and mixed m. p. 174°. The infrared absorption 
spectra of the two samples were identical. 

9-Bromoacridine.—Bromine (13 ml.) was added to a mixture of acridone (2-5 g.) and phos- 
phorus tribromide (30 ml.), a vigorous reaction occurring. The mixture was heated at 140° 
for 3 hr., cooled, diluted with chloroform, and filtered. The chloroform was dripped into an 
excess of a vigorously stirred mixture of ice and aqueous ammonia at 0°, the chloroform was 
collected and dried (MgSO,), the solvent removed in vacuo, and the residue recrystallised from 
1: 1 ethanol-5% aqueous ammonia, giving 9-bromoacridine as colourless needles, m. p. 116° 
(Found: C, 60-8; H, 3-0; N, 5-2; Br, 31-2. Calc. for C,,H,NBr: C, 60-5; H, 3-1; N, 5-4; 
Br, 31-0%) (lit.,44 m. p. 116°), Amax (in MeOH containing 5% of 5% aqueous ammonia) 2515 
(log ¢ 5-01), 3430 (3-76), 3600 (4-40), 3870 A (3-65), Vmax 6°22, 6-58, 6-69, 6-92, 7-35, 7-40, 7-72, 
7-93, 9-92, 10-80, 11-84, 12-51, 13-25, 13-40, and 13-55 uw. 9-Chloroacridine showed vp, 6-30, 
6-56, 6-69, 6-91, 7-02, 7-25, 7-35, 7-70, 7-91, 8-78, 9-92, 11-80, 12-19, 12-91, and 13-18 yu. 
9-Bromoacridine (50 ml.), when refluxed with phosphorus trichloride (0-5 ml.) in chloroform 
and worked up as above, gave 9-chloroacridine, m. p. and mixed m. p. 119°, and confirmed 
by its infrared absorption spectrum. 

Bromination of acridine 10-oxide in the presence of iron filings gave an impure tribromo- 
derivative. 

9-Nitroacridine 10-Oxide.—Nitric acid (0-65 ml.; d 1-42) was added dropwise with stirring 
to a solution of acridine 10-oxide (2-0 g.) in concentrated sulphuric acid (8 ml.) at 0° with cooling. 
After 2 hr. at room temperature the mixture was poured on to vigorously stirred ammonia, 
ice, and chloroform. The chloroform layer was washed, dried (Na,SO,), and evaporated to 
dryness and the residue, in benzene, was passed through an alumina column. Evaporation of 
the eluate gave the nitro-compound, which separated from acetonitrile in orange needles, m. p. 
223° (Found: C, 64-9; H, 3-4; N, 11-7. C,,;H,N,O, requires C, 65-0; H, 3-3; N, 11-7%), Amex 
2670 (log ¢ 4-60), 3540 (3-56), and 4525 A (3-66), vmax 6-41, 6-50, 6-66, 6-89, 7-02, 7-32, 7-54, 
7:77, 7-94, 8-98, 12-07, 12-96, 13-14, and 13-64 u. 

10-Hydroxyacridone.—(i) o-Nitrobenzaldehyde (5 g.) was added to a cooled mixture of 
concentrated sulphuric acid (20 g.) and benzene (20 g.). After 5 days’ shaking at 20°, water 
(50 ml.) was added and the excess of benzene removed in vacuo. The residual black tar was 
extracted repeatedly by 2Nn-sodium hydroxide (total 600 ml.). Acidification precipitated 
10-hydroxyacridone which separated from glacial acetic acid in dark yellow needles (1-0 g.), 
m. p. 256° (decomp.) (Found: C, 73-8; H, 4-5; N, 6-7. Calc. for C,,H,NO,: C, 73-9; H, 4:3; 
N, 66%), Vmax, 3°70, 6-19, 6-29, 6-42, 6-63, 6-80, 6-88, 7-26, 7-47, 7-70, 8-42, 8-59, 9-48, 9-68, 10-61, 
11-42, 12-30, 13-23, and 14-80 yu. 
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(ii) 9-Bromoacridine 10-oxide (50 mg.), prepared from the 10-oxide, was heated for 5 hr. 
at 100° with 2n-hydrochloric acid (25 ml.). After cooling, the yellow solid material was 
collected and after one crystallisation from acetic acid was identical with authentic 10-hydroxy- 
acridone in m. p., mixed m. p., and ultraviolet and infrared spectra. 

(iii) 9-Nitroacridine 10-oxide was hydrolysed as in (ii), giving 10-hydroxyacridone, the 
same identification criteria being applied. 

9-Phenylacridine 10-Oxide.—9-Phenylacridine (10 g.) in benzene (180 ml.) was allowed to 
react with perbenzoic acid (7-3 g.) in ether at 0° for 2} hr. After being washed with 2N-sodium 
hydroxide the chloroform was dried and evaporated, the 10-oxide (6-5 g.), m. p. 227° (decomp.), 
being obtained. A pure specimen could not be prepared by direct crystallisation, but after 
passage through an alumina column (B.D.H.; deactivated with 5% of its weight of 10% acetic 
acid) in benzene the oxide was obtained as yellow needles, m. p. 227° (decomp.) (Found: C, 84-2; 
H, 5:1; N, 5-0. Calc. for C,,H,,ON: C, 84-1; H, 4-8; N, 5-2%) (lit.,44 m. p. 227°), Amax, 2665 
(log ¢ 4:37), 4000 (3-42), 4220 (3-49) and 4450 A (3-37), or in acid MeOH 2600 (4-43), 3280 
(3-11), 3430 (3-31), 3600 (3-66), 4210 A (3-21). 


We thank LaPorte Ltd. for a gift of hydrogen peroxide, Mr. A. O. Plunkett for the ex- 
periments concerning the structure of 9-nitroacridine 10-oxide, and the Rockefeller Foundation 
for a grant to the Department of Biochemistry. 
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674. The Mechanism and Scope of an N-Oxide Rearrangement. 
By M. S. Hapis and C. W. REEs. 


The mechanism of the very rapid reaction of 3,4-dihydro-4-methyl-2-(N- 
methyl-N-phenylcarbamoy])-3-oxoquinoxaline l-oxide (I) in concentrated 
sulphuric acid at 0° has been elucidated. A novel N —+» ortho-rearrange- 
ment of the heterocyclic aroyl group occurs with simultaneous loss of carbon 
dioxide. This proceeds by intramolecular electrophilic substitution of an 
ortho-position of the anilide by the carboxyamide-bearing carbon in the con- 
jugate acid (la—» XII —» XIII).. This carbon atom proved to be 
insufficiently electrophilic for the rearrangement to occur in most hetero- 
cyclic systems investigated; thus the scope of the reaction is severely limited 
and it was extended only to the corresponding pyrazine compounds. 


The Rearrangement.—The extremely rapid elimination of carbon dioxide from 3,4-di- 
hydro-4-methyl-2-(N-methyl-N-phenylcarbamoy])-3-oxoquinoxaline 1l-oxide (I) on treat- 
ment with concentrated sulphuric acid at 0° was described by Usherwood and Whiteley } 
who considered the product to be 3,4-dihydro-4-methyl-2-N-methylanilino-3-oxoquin- 
oxaline (III). Clark-Lewis 2 confirmed by synthesis the structure (I) for the N-oxide but 
showed that the rearrangement product was a secondary amine, 3,4-dihydro-4-methyl-2-0- 
methylaminophenyl-3-oxoquinoxaline (II). The reaction thus involves migration of an 
aroyl group from the nitrogen atom to an ortho-position of methylaniline with concomitant 


Me Me Me 

N.O N_ Oo N. Oo 
Se. Ch .+ NHMe 7, 

ts . “ 2 NMePh 

N* *CONMePh N N 

ra 


(I) (II) (ITI) 


loss of carbon dioxide. As this is an unusual reaction and one which could have synthetic 
value, its mechanism and scope have been elucidated. 
The carbon atom in position 2 of the quinoxaline ring will be rendered strongly 


1 Usherwood and Whiteley, J., 1923, 128, 1069. 
* Clark-Lewis, J., 1957, 439. 
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electrophilic by protonation of the N-oxide group in sulphuric acid, and a new bond js 
formed between this carbon atom and an ortho-position of the methylaniline. It there. 
fore seemed probable that the reaction involves electrophilic attack at this position by 
Cy. The simplest heterocyclic molecule with the functional groups necessary for this 
rearrangement is the methylanilide l-oxide (IV; R =H) of picolinic acid. This was 
found to be stable to concentrated sulphuric acid up to 60° and at higher temperatures was 
sulphonated, but no carbon dioxide was liberated. The 3-hydroxy-analogue (IV; R= 
OH), with an electron-withdrawing oxonium group (in concentrated sulphuric acid) ortho 
to Cy) of the pyridine ring, was also unchanged by sulphuric acid at 60°. Thus it seemed 


R R 
Cy N. O N. O 
+) CONMePh CJ CONMePh ( os 
N N N 
he 


! 
O° Vv) (Vv) (VI) 


that in these pyridine compounds the carboxyamide-bearing carbon atom was not 
sufficiently electrophilic for the rearrangement to occur. Next the pyrazine derivatives 
(V; R=H and Me) were synthesised; in concentrated sulphuric acid both liberated 
carbon dioxide and developed a red colour [like the quinoxaline (I)]. However, these 
reactions were slow, requiring 2 hr. at 55° for completion compared with <10 min. 
at 0° for (I). Each of the pyrazine N-oxides rearranged to one product only (VI; R=H 
and Me respectively), in almost quantitative yield, in contrast to the quinoxaline N-oxide 
where the yield of the corresponding product (II) is considerably lower and a second 
product! can be isolated. The slower, uncomplicated reactions of the pyrazine com- 
pounds made them more suitable for use in experiments designed to establish the 
rearrangement mechanism. In view of the marked accelerating effect on this reaction of 
the fused benzene ring in the quinoxaline compound (I) it was hoped to investigate the 
action of concentrated sulphuric acid on 3-hydroxy-2-(N-methyl-N-phenylcarbamoy))- 
quinoline 1-oxide (VII), but our attempts to prepare this compound were unsuccessful. 
2-(N-Methyl-N-phenylcarbamoyl)quinoline 1-oxide itself did not rearrange. 


N re) 
S OH ’ ra) 
+2 CONMePh +z CONMePh HN, +7 CONMePh 
N N N 


O- (VII) b- (vm) O- (IX) 


The 1-oxide (VIII) was then prepared: it was stable in concentrated sulphuric acid at 
55° for 16 hr. Thus both the ring nitrogen atom meta, and the potential hydroxyl 
group ortho, to the anilide groups are necessary for rearrangement at a detectable rate. 
Moreover, the oxide (IX), where the second heterocyclic nitrogen atom was in the altern- 
ative meta-position, did not rearrange in concentrated sulphuric acid at 55° for 24 hr. 
In this instance the recovery of starting-material was low but this was presumably caused 
by sulphonation and not by rearrangement since none of the rearrangement product was 
isolated. Therefore the (potential) hydroxyl group, which is essential, must be ortho to 
the anilide group, in agreement with the postulated electron-withdrawal from Cg) by the 
oxonium ion, by its powerful inductive effect. 

These results show that the carboxyamide-bearing carbon must be markedly electro- 
philic in the protonated form of the molecule in concentrated sulphuric acid, and this 
severely limits the scope of the reaction, which has only been effected with hydroxypyrazine 
and hydroxyquinoxaline derivatives. In contrast to this limitation on the structure of 
the heterocyclic part of the molecule, various anilide derivatives of the pyrazine and 





[1960] Scope of an N-Oxide Rearrangement. 3373 


quinoxaline acids were rearranged successfully. It is probable that any anilide of these 
acids with a free ortho-position would rearrange. 
With the scope of the rearrangement broadly defined, the following results, which 
establish its mechanism, were obtained. 


Me R 
NO fe) 
CY, CONRR’ 2 
N N 
(X) o- 


d- (xt) 


(i) The oxide (X; R = R’ = Me) was recovered unchanged from concentrated 
sulphuric acid at 20° showing that the phenyl ring of the anilide is necessary for reaction. 
The corresponding diphenylamide rearranged completely in 5 min. in the acid in an 
ice-salt bath. 

(ii) The N-oxide (X; R= Me, R’ = 2,6-C,H,Me,) was unaffected by concentrated 
sulphuric acid at 20°, showing that the anilide must have a free ortho-position; migration to 
the para-position did not occur. 

(iii) The oxide (X; R = Me, R’ = p-NO,°C,H,) required 24 hr. at 55° for complete 
rearrangement, compared with less than 10 min. at 0° for the analogous compound 
without the nitro-group. This powerful retarding effect of an electron-withdrawing 
substituent in the anilide ring confirms the electrophilic nature of the attack on this ring. 
The nitro-group is too remote to exert an appreciable steric effect. 

(iv) 3,4-Dihydro-4-methy]-2-N-methylanilino-3-oxoquinoxaline (III), originally thought 
to be the reaction product,! was stable to concentrated sulphuric acid at 20°. This 
precludes mechanisms requiring loss of carbon dioxide to give this “‘ unrearranged ” 
product (III), followed by an N —+* ortho-migration of the heterocyclic residue. 

(v) The oxide (XI; R = H, R’ = p-C,H,Me) rearranged at a rate very similar to that 
of the isomer (XI; R = Me, R’ = Ph), and also yielded one product almost quantitatively ; 
further, a mixture of their rearrangement products could be separated with aqueous 
alkali. A mixture of equimolecular amounts of these two N-oxides was rearranged in 
sulphuric acid and only two products, 3-hydroxy-2-(5-methyl-2-methylaminopheny]l)- 
pyrazine and 3,4-dihydro-4-methyl-2-(o-methylaminophenyl)-3-oxopyrazine (VI; R= 
Me), were isolated, in the same high yield (93—94%) as when the two oxides were 
rearranged separately. Since neither of the ‘“‘ crossed’’ products could be detected the 
rearrangements are intramolecular and do not involve initial fission, for example by 
hydrolysis of the amide bond. 

(vi) The N-oxide function was necessary for this reaction where carbon dioxide is lost. 
The corresponding unoxidised bases were inert to sulphuric acid, except for certain 
quinoxaline anilides which underwent a similar rearrangement but without the final 
decarboxylation. These reactions will be described later. 

(vii) Rearrangement of the quinoxaline N-oxide (I) was catalysed by polyphosphoric 
acid at 55°, to give the same products as sulphuric acid. 

These results show that the rearrangement must be caused by intramolecular electro- 
philic substitution of the anilide ortho-position by Cy) of the heterocyclic ring, as shown for 
the quinoxaline oxide (I). The very ready decarboxylation and dehydration of the acid 
(XIII) is presumably due to the availability of the cyclic transition state shown, analogous 
to that for 6-keto-acids * and #y-unsaturated acids.‘ This mechanism is also supported 
by the stability of the product, analogous to (XIII), formed from the corresponding 
unoxidised base in concentrated sulphuric acid, for this base rearranges without decarboxyl- 
ation. Certain observations in the literature agree with the view that C,) of quinoxaline 

* Westheimer and Jones, J. Amer. Chem. Soc., 1941, 68, 3283. 


‘ * Arnold, Elmer, and Dodson, J. Amer. Chem. Soc., 1950, 70, 4359; Barton and Brooks, J., 1951, 
7. 
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is particularly electrophilic, a property sufficiently developed in the conjugate acid (Ia) to 
initiate this very rapid sequence of reactions. Chapman and Russell-Hill,® for example, 
have measured the reactivity of chlorine in heterocyclic systems towards nucleophilic 
displacement by ethoxide ions, which is strongly accelerated if the carbon bearing the 
chlorine atom is electrophilic. They found that 2-chloroquinoxaline was even more 
reactive than 2-chloroquinazoline where the chlorine atom is ortho to both the activating 


Me + 


N. OH 
2Ht 
nw 
"i , 
Ho BNS 
le o) Me 


“N 
OM 


(Ia) 


Me \ Me + 
N. Oo N. OH 
“"-OfO + & 
N N 
HO N 


i. CO NHMe 


| 
HQ) | 
° 
2) (X11) (XII) Me 


nitrogen atoms. Clark-Lewis ? has also demonstrated the same reactivity to nucleophilic 
substitution in the very ready formation of the anilinoquinoxaline (III) from 2-chloro-3,4- 
dihydro-4-methyl-3-oxoquinoxaline and methylaniline. The considerable acid strength of 
2-nitromethylquinoxaline, which dissolves in 5% aqueous sodium hydrogen carbonate, 
can be similarly explained. Further evidence of this marked reactivity of quinoxalines to 
nucleophilic attack in various reactions will be presented later. 

An attempt to extend this rearrangement to a five-membered heterocyclic system 
failed because the compound chosen, 2-(N-methyl-N-phenylcarbamoy]l)benzoxazole 
3-oxide, could not be prepared. 


Materials.—The anilides and methylanilides were prepared from the carboxylic acids: 
(a) via the acid chloride prepared with thionyl chloride; (6) by conversion of the amine into 
the ‘“‘ phosphazo ’’-derivative [e.g., Ph-NH*P=NPh, (PhMeN),P] and reaction of this with 
the acid; and (c) by direct interaction of the acid or amide with the required amine. 
Method (b) generally was most satisfactory in providing pure products which were readily 
isolable, particularly where method (a) gave intractable tars, but the yields were some- 
times higher by method (a) when purified thionyl chloride was used. Wide variation of 
reaction time (5 min.—3 hr.) was noted for method (5); this method was extended to the 
preparation of N-methyl-p-toluidides with phosphorus tri-(N-methyl-f-toluidide). When 
the acid amide was readily available, the anilides were often obtained in high yield by 
method (c). 

The N-oxides were usually prepared with peracetic acid, but a mixture of hydrogen 
peroxide and acetic acid, which required longer reaction times, caused less tar-formation 
when the base was sensitive to oxidation. 

Picolinic acid was prepared by a modification of Clemo and Ramage’s method?’ and 
3-hydroxypicolinic acid was prepared by diazotisation of 3-aminopicolinic acid. 3-Hydr- 
oxyquinaldine, m. p. 260°, was prepared from o-aminobenzaldehyde and chloroacetone by 
the method due to Koenigs and Stockhausen,® and from 3-aminoquinaldine.” Kulisch,” 


5 Chapman and Russell-Hill, J., 1956, 1563. 

* Fanta, Stein, and Rickett, ]. Amer. Chem. Soc., 1958, 80, 4578. 

7 Clemo and Ramage, J., 1931, 440. 

® Sucharda, Ber., 1925, 58, 1728; Blicke and Jenner, J. Amer. Chem. Soc., 1942, 64, 1722. 
* Koenigs and Stockhausen, Ber., 1902, 35, 2556. 

10 Bargellini and Berlingozzi, Gazzetta, 1923, 58, 3. 

11 Kulisch, Monatsh., 1895, 16, 355. 
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however, assigned this structure to a compound, m. p. 203—205°, obtained from o-toluidine 
and ethyl pyruvate. Support for Koenigs and Stockhausen’s structure for the com- 
pound, m. p. 260°, is provided here by its ready condensation with benzaldehyde to give 
3-hydroxy-2-styrylquinoline. This styryl compound should be readily converted into the 
corresponding acid; however, no 3-hydroxyquinaldinic acid was isolated from oxidations 
of the quinoline or its acetate or benzoate. Since benzoic acid was isolated in good yield 
the difficulty was thought to be isolation of the hydroxy-acid free from inorganic material. 
3-Methoxy-2-styrylquinoline was therefore prepared and oxidised to 3-methoxyquinaldinic 
acid hydrate in low yield. Attempts to prepare this acid anhydrous resulted in decarboxyl- 
ation to 3-methoxyquinoline, and demethylation with hydriodic acid was accompanied by 
decarboxylation to 3-hydroxyquinoline. 

The methylanilide of 6-hydroxypyridazine-3-carboxylic acid!* was methylated to 
1,6-dihydro-1-methy1-3-(N-methyl-N-phenylcarbamoy])-6-oxopyridazine and also oxidised 
to the N-oxide and 3,6-dihydroxypyridazine. Oxidation of the 1-methyl-compound with 
peracetic acid or hydrogen peroxide in acetic acid gave only 1,6-dihydro-3-hydroxy-1- 
methyl-6-oxopyridazine. 

4,5-Diamino-2,6-dihydroxypyrimidine was prepared by Bogert and Davidson’s 
method 1% but we obtained the free base and not the sulphate. This was converted ™ into 
2,4-dihydroxypteridine which was hydrolysed ® to 3-hydroxypyrazine-2-carboxylic acid 
in high yield; 2,4-dihydroxypteridine #* gave much lower yields of the pyrazine acid. 
Aminomalonamide was obtained by ammonolysis !” of ethyl aminomalonate prepared !8 
by the reduction of ethyl nitrosomalonate.! Condensation of aminomalonamide with 
glyoxal consistently gave much lower yields (20—35%) of 3-hydroxypyrazine-2-carboxy- 
amide than that (92%) claimed by Jones.!7 Hofmann degradation * of this amide gave 
2-amino-3-hydroxypyrazine which was converted into 2,3-dihydroxypyrazine required for 
comparison with a product isolated in the oxidation of 3-hydroxypyrazine-2-carboxy- 
anilide. 3-Hydroxy-2-(N-methyl-N-phenylcarbamoyl)pyrazine and the corresponding 
p-toluidide and 3,4-dihydro-4-methyl-2-(N-methyl-N-phenylcarbamoy])-3-oxopyrazine 
yielded N-oxides normally. 

Quinoxaline-2-carboxylic acid *4 was converted into its methylanilide which was 
oxidised to the 1,4-dioxide with excess of peracetic acid. 2-(N-Methyl-N-phenylcarb- 
amoyl)quinoxaline l-oxide was prepared from this by partial deoxygenation with phos- 
phorus trichloride in chloroform; evidence for the structure of this mono-oxide and the 
4isomer will be presented later. 3-Hydroxyquinoxaline-2-carboxylic acid, prepared by 
the method of Gowenlock et al.* or more readily by alkaline hydrolysis of alloxazine, 
was converted into the methylanilide and the N-methyl-f-nitroanilide which were then 
methylated. Ethyl 3-hydroxyquinoxaline-2-carboxylate ** was methylated and hydrolysed 
to 3,4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxylic acid, thus avoiding the need for 
the inaccessible N-methyl-o-phenylenediamine required in King and Clark-Lewis’s * 
preparation of this acid. Its acid chloride was allowed to react separately with dimethyl- 
amine, methylaniline, diphenylamine, and N-methyl-2,4- and -2,6-xylidine, to yield the 
corresponding amides which were converted into their N-oxides in the usual way, except 
for the two xylidides. The 2,6-isomer gave a small yield of the corresponding N-oxide 
with peracetic acid at 100°, but attempts to oxidise the 2,4-isomer were unsuccessful. 


#2 Evans and Wiselogle, J. Amer. Chem. Soc., 1945, 67, 60. 

18 Bogert and Davidson, J. Amer. Chem. Soc., 1933, 55, 1667. 

™ Weijlard, Tishler, and Erickson, J. Amer. Chem. Soc., 1945, 67, 802. 
18 McDonald and Ellingson, J. Amer. Chem. Soc., 1947, 69, 1034. 
18 Albert, Brown, and Cheeseman, J., 1951, 474. 

1 Jones, J. Amer. Chem. Soc., 1949, 71, 78. 

#8 Locquin and Cerchez, Compt. rend., 1928, 186, 1360. 

# Snyder and Smith, J. Amer. Chem. Soc., 1944, 66, 351. 

*® Muehlmann and Day, J. Amer. Chem. Soc., 1956, 78, 242. 

*! Maurer and Boettger, Ber., 1938, 71, 1383. 

*2 Gowenlock, Newbold, and Spring, J., 1945, 622. 

* King and Clark-Lewis, J., 1951, 3381. 





3376 Habib and Rees: The Mechanism and 


Benzoxazole-2-carboxylic acid was prepared by Skraup and Moser’s method ™ and 
converted into the anilide and methylanilide; oxidation of these bases with the usual 
reagents yielded tars from which no crystalline products were isolated. 


EXPERIMENTAL 


Benzene and toluene were dried with sodium wire. Phosphorus tri-(N-methylanilide) *5 was 
stored at room temperature in the absence of moisture. Phenylphosphazoanilide was prepared 
by the method of Grimmel, Guenther, and Morgan ** except that the mixture was finally heated 
on a steam-bath for 30 min., the anilinium chloride was filtered off, and the solvent removed 
under reduced pressure; the product was ready for use. 

General Method for the Preparation of N-Oxides.—Unless otherwise stated N-oxides were 
prepared by heating a mixture of the base (1-0 g.), acetic acid (2 ml.), and peracetic acid (40%; 
3 ml.) at 60° for 16 hr. The acetic acid was then removed under reduced pressure and the 
residue dissolved in chloroform and neutralised with solid sodium carbonate. The solution 
was filtered and dried (Na,SO,), the chloroform removed, and the N-oxide purified by 
crystallisation. 

Picolinanilide.—(a) Prepared directly from picolinic acid’? (3-1 g.) and aniline (8 g.) at 
120—125° for 8-5 hr., and crystallised from light petroleum (b. p. 60—80°), the anilide formed 
pale yellow needles (2-65 g., 53%), m. p. 76°. Engler *’ reports m. p. 76°. 

(6) Prepared from the acid (3 g.), through the acid chloride, the anilide formed colourless 
needles (2-0 g., 40%), m. p. 76°. This yield was increased to 90% if the acid chloride was 
distilled before addition of aniline. 

(c) Phenylphosphazoanilide [from aniline (37-4 g.)] was heated under reflux with picolinic 
acid (10 g.) in dry toluene (100 ml.) for 3 hr.; picolinanilide (8 g., 48%) again had m. p. 76°. 

Picolinanilide 1-Oxide.—Crystallisation from ethyl acetate gave needles of the oxide (84%), 
m. p. 143—145° (Found: C, 67-2; H, 5-1; N, 13-1. C,,H,,O,N, requires C, 67-3; H, 4-7; N, 
13-1%). 

N-Methylpicolinanilide —(a) To the acid chloride [from picolinic acid (20 g.) and thionyl 
chloride (45 ml.)] in benzene (100 ml.), methylaniline (65-ml.) in benzene was added dropwise, 
the temperature being kept below 30°. The solution was then heated under reflux for 3 hr., 
cooled, neutralised with a solution of sodium hydroxide, and extracted with chloroform. 
Excess of methylaniline and chloroform were removed and the residue was distilled at 140° 
(bath)/0-02 mm. Crystallisation of the distillate from light petroleum (b. p. 40—60°) gave 
needles of N-methylpicolinanilide (20-1 g., 58-6%), m. p. 54° (Found: C, 73-3; H, 5-7; N, 13-2. 
C,3H,,ON, requires C, 73-6; H, 5-7; N, 13-2%) [picrate, m. p. 161° (Found: C, 51-5; H, 3-5; 
N, 16-0. C,,H,,O,N, requires C, 51-7; H, 3-4; N, 15-9%)]. 

(b) Phosphorus tri-(N-methylanilide), obtained from methylaniline (10-7 g.) and phosphorus 
trichloride (2-3 g.) in dry toluene, and picolinic acid (4-5 g.) in dry toluene (100 ml.) were heated 
under reflux for 2hr. The hot solution was filtered and the toluene was removed. The residue, 
on crystallisation from light petroleum (b. p. 60—80°), gave needles of the methylanilide (1-5 g., 
19-5%), m. p. 54° alone or on admixture with the product obtained by method (a). 

N-Methylpicolinanilide 1-Oxide (IV; R = H).—Crystallisation from ethyl acetate gave 
cubes of the oxide (84%), m. p. 144° (Found: C, 68-0; H, 5-4; N, 12:3. C,,;H,,O,N, requires 
C, 68-4; H, 5-3; N, 12-3%) [picrate, m. p. 152° (Found: C, 49-6; H, 3-4; N, 15-0. C,)9H,,O,N; 
requires C, 49-9; H, 3-3; N, 15:3%)]. 

3-Hydroxypicolinic Acid.—3-Aminopicolinic acid (9 g.) was diaozotised. The mixture was 
boiled and then cooled to room temperature, and the pH was adjusted to 3—4 with sodium 
hydroxide solution. Water was distilled off and the yellow-red mass dried at 100° and extracted 
with alcohol until a white insoluble solid remained. Concentration of the alcoholic solution 
gave pale yellow needles of 3-hydroxypicolinic acid (7-8 g., 75%), m. p. 211—212° (decomp.). 
Kirpal ®* reports m. p. 205—215° but gives no details for the preparation. 

3-Hydroxypicolinanilide.—The phosphazo-compound, from aniline (7-5 g.) and phosphorus 

*4 Skaup and Moser, Ber., 1922, 55, 1090. 

* Abramovitch, Hey, and Long, /J., 1957, 1787. 

* Grimmell, Guenther, and Morgan, J. Amer. Chem. Soc., 1946, 68, 539. 

Engler, Ber., 1894, 27, 1786. 


Spath and Spitzer, Ber., 1926, 59, 1481. 
Kirpal, Monatsh., 1908, 29, 231. 
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trichloride (1-8 g.), and 3-hydroxypicolinic acid (1-8 g.) in dry toluene (50 ml.), were boiled under 
reflux for 2 hr. The solution was filtered, the toluene removed, and the residue extracted with 
light petroleum (b. p. 80—100°; 400 ml.). On concentration, 3-hydroxypicolinanilide (2 g., 
18%) crystallised as small needles, m. p. 89° (Found: C, 67-1; H, 5-0; N, 12-9. C,,.H,O,N, 
requires C, 67-3; H, 4-7; N, 131%). 

3-Hydroxypicolinic Acid 1-Oxide.—Crystallised from light petroleum (b. p. 80—100°), 
the oxide (76%) formed needles, m. p. 94:5° (Found: C, 62-7; H, 4-4; N, 12-2. C,,H,,O,N, 
requires C, 62-6; H, 4-4; N, 12-2%). 

3-Hydvoxy-N-methylpicolinanilide.—Phosphorus tri-(N-methylanilide) [from phosphorus 
trichloride (1-15 g.) and methylaniline (5-5 g.)] and 3-hydroxypicolinic acid (2-0 g.) in dry 
toluene (100 ml.) were boiled under reflux for 3 hr. The toluene was distilled off and the solid 
was boiled with water for 15 min. The dried residue was extracted with light petroleum 
(b. p. 80—100°), and the aqueous filtrate was neutralised with solid hydrogen carbonate and 
extracted with chloroform. The solution was dried (Na,SO,) and the chloroform removed. 
The oily residue was extracted with light petroleum (b. p. 80—100°), and the combined 
petroleum solutions concentrated, giving needles of 3-hydroxy-N-methylpicolinanilide (1-9 g., 
58%), m. p. 154° (Found: C, 68-5; H, 5-6; N, 12-4. (C,,;H,,O,N, requires C, 68-4; H, 5-3; N, 
123%). 

1-Oxide (IV; R= OH). This oxide (95%) crystallised from alcohol as needles, m. p. 263— 
265° decomp. (Found: C, 64:3; H, 5-0; N, 11-5. C,;H,,O,N, requires C, 63-9; H, 4-9; N, 
115%). 

N-Methylquinaldinanilide——A mixture of phosphorus tri-(N-methylanilide) [from phos- 
phorus trichloride (1-2 ml.) and methylaniline (8 ml.)] and quinaldinic acid (3-5 g.) in dry 
toluene (30 ml.) was heated under reflux for 1 hr. The hot toluene solution was decanted off 
and the residue extracted with boiling toluene (2 x 25 ml.). The original solution and extracts 
were combined and the toluene was removed under reduced pressure. The anilide crystallised 
from light petroleum (b. p. 80—100°) as needles (4 g., 67-6%), m. p. 109° (Found: C, 78-1; H, 
5:4. C,,H,,ON, requires C, 77-8; H, 5-4%). 

1-Oxide. The oxide crystallised from water as needles, m. p. 153—154° (Found: C, 73-7; 
H, 5-4. C,,H,,0,N, requires C, 73-4; H, 5-1%). 

3-A cetoxy-2-styrylquinoline.—3-Hydroxy-2-methylquinoline (3-2 g.), acetic anhydride (6 g.), 
and benzaldehyde (6-4 g.) were heated for 3 hr. at 155—160°, The cooled mixture was diluted 
with ethanol (50 ml.), and the yellow precipitate crystallised from ethanol, forming pale yellow 
needles of the quinoline (3-2 g., 552%), m. p. 130° (Found: C, 78-5; H, 53. C,.H,,0,N 
requires C, 78-9; H, 5-2%). 

3-H ydroxy-2-styrylquinoline.—3-Acetoxy-2-styrylquinoline (3-2 g.) and 6N-hydrochloric acid 
(32 ml.) were heated under reflux for 1 hr. The mixture was cooled and added to an excess of 
hot aqueous sodium hydroxide. The alkaline solution was filtered and neutralised; the yellow 
precipitate crystallised from ethanol, forming orange beads of 3-hydroxy-2-styrylquinoline 
(2-5 g., 91-5%), m. p. 206—207° (decomp.) (Found: C, 81-8; H, 5-4. C,,H,,ON requires C, 
82-6; H, 53%). 

2-Styryl-3-quinolyl Benzoate.—3-Hydroxy-2-styrylquinoline (7 g.) was benzoylated with 
benzoyl chloride (5-5 ml.) in dry pyridine (24 ml.). The ester (8-3 g., 83-8%) formed needles, 
m. p. 178° (from ethanol) (Found: C, 81-2; H, 4:8. C,,H,,O,N requires C, 82:0; H, 49%). 

3-Methoxy-2-methylquinoline.—3-Hydroxy-2-methylquinoline (2-0 g.) was methylated in 
dry methanol with ethereal diazomethane,*® from N-toluene-p-sulphonylmethylnitrosamine 
(21 g.). The product was a gum (2-0 g., 92%), b. p. 172—174°/16 mm. [the picrate, prepared in 
ethanol, had m. p. 227° (decomp.) (Found: C, 50-7; H, 3:8. C,,H,,O,N, requires C, 50-8; 
H, 3-5%)]. 

3-Methoxy-2-styrylquinoline.—The styryl-compound was similarly prepared by methylation 
of 3-hydroxy-2-styrylquinoline (6-5 g.) in ethanol (300 ml.); it formed a syrup (6-2 g., 93%) 
which was used without further purification. The picrate (prepared in ethanol) formed yellow 
needles, m. p. 228° (Found: C, 58-9; H, 3-5. C,,H,,0O,N, requires C, 58:8; H, 3-7%). 

3-Methoxyquinoline-2-carboxylic Acid.—A solution of 3-methoxy-2-styrylquinoline (2-2 g.) in 
pyridine (70 ml.) and water (10 “ml.) was stirred and cooled (ice-salt) while potassium 
permanganate (2-5 g.) in water (45 ml.) was added at a rate which kept the temperature at 
2—5°. The mixture was stirred for 45 min. at 2—5° and for 2-5 hr. at room temperature. 


%© Boer and Backer, Rec. Tvav. chim., 1954, 78, 229. 
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Manganese dioxide was filtered off and extracted twice with hot 0-1N-sodium hydroxide 
(2 x 50 ml.). The combined filtrates were concentrated to 50 ml. and cooled. The low- 
melting solid was filtered off and the filtrate concentrated to 10 ml. The solution was brought 
to pH 2-5 with concentrated hydrochloric acid. The precipitate, collected after 16 hr., was 
washed with boiling ether and then crystallised from water, forming pale yellow needles of 
3-methoxyquinoline-2-carboxylic acid hydrate (0-3 g., 15%), m. p. 112-5° (decomp.) (Found: C, 
59-8; H, 5-2. C,,H,O,N,H,O requires C, 59-7; H, 5-0%). Demethylation with hydriodic acid 
was accompanied by decarboxylation to give 3-hydroxyquinoline, m. p. 196°. 

3-Methoxyquinoline.—3-Methoxyquinoline-2-carboxylic acid was easily decarboxylated at 
its melting point. 3-Methoxyquinoline was identified as its picrate, m. p. 220—222°, prepared 
in ethanol. Alford and Schofield *4 report m. p. 220—222°. 

3-H ydroxy-6-(N-methyl-N-phenylcarbamoyl)pyridazine.—Phosphorus __ tri-(N-methylanilide) 
[from methylaniline (7-1 ml.) and phosphorus trichloride (1-1 ml.)] was heated under reflux 
for 1 hr. with 1,6-dihydro-6-oxopyridazine-3-carboxylic acid !* (2-5 g.) in dry toluene (22 ml), 
The toluene was removed under reduced pressure and the residue extracted with ethanol 
(2 x 100 ml.). Concentration of the extract and crystallisation of the residue from water gave 
needles of the N-methylanilide (2-0 g., 50%), m. p. 158° (Found: C, 63-4; H, 4-9. C,,H,,0,N, 
requires C, 62-9; H, 4:8%). 

1-Oxide (IX). The N-methylanilide (4-5 g.) and 40% peracetic acid (10 ml.) were heated on 
a water-bath for 4 hr. More peracetic acid (3 x 1 ml.) was added at hourly intervals. The 
excess of acetic acid was then distilled off under reduced pressure and the residual gum treated 
with boiling benzene (2 x 20 ml.), from which starting material (1-5 g.) was recovered. The 
residue was then extracted with ethanol (30 ml.), and the solid was obtained on cooling crystal- 
lised from ethanol, forming needles of the l-ovxide (0-9 g., 28-1%), m. p. 221° (decomp.) (Found: 
C, 58-4; H, 4-6; N, 17-4. C,,H,,0O,N, requires C, 58-8; H, 4-5; N, 17-1%). 

After removal of the N-oxide the ethanol was evaporated, giving an orange-red solid which 
crystallised from water as orange beads of 3,6-dihydroxypyridazine (0-6 g., 43%), m. p. 256° 
(Found: C, 43-0; H, 3-1. Calc. for CgH,O,N,: C, 42-9; H, 36%). The m. p. reported * 
is 299—300° (the yields are calculated after allowing for recovered starting material). 

1,6-Dihydro-1-methyl-3-(N -methyl-N-phenylcarbamoyl) -6 - oxopyridazine.—1,6-Dihydro-3 - (N- 
methyl-N-phenylcarbamoy])-6-oxopyridazine (8 g.) was methylated with potassium carbonate 
(8 g.) and dimethyl sulphate (3-2 ml.) in boiling acetone (125 ml.). The 1-methyl-N-methyl- 
anilide (6-5 g., 765%) formed needles, m. p. 108° (Found: C, 63-9; H, 5-1. C,,;H,,0,N, 
requires C, 64:2; H, 5-4%). 

Oxidation. Attempted N-oxidation with hydrogen peroxide and acetic acid or peracetic 
acid at various temperatures (55—100°) gave either starting material or a mixture of starting 
material and 1,6-dihydro-3-hydroxy-1l-methyl-6-oxopyridazine (40%), m. p. 244° (decomp.) 
(Found: C, 47-2; H, 3-9. Calc. for C;H,O,N,: C, 47-6; H, 48%). The m. p. reported * 
is 210—211°. 

2,3-Dihydroxypyrazine.—2-Amino-3-hydroxypyrazine *° (1-5 g.) was diazotised. The reac- 
tion mixture was boiled for 2 min. and then cooled in ice. 2,3-Dihydroxypyrazine (50%), m. p. 
> 350°, was crystallised from acetic acid (Found: N, 24-85. Calc. for CgH,O,N,: N, 25-0%). 
Karmas and Spoerri report ** m. p. >320° for this compound, prepared by demethylation of 
2,3-dimethoxypyrazine. 

3-Hydroxy-2-phenylcarbamoylpyrazine.—(a) A mixture of 3-hydroxypyrazine-2-carboxy- 
amide ?” (1 g.) and aniline (10 ml.) was heated under reflux for 9 hr. The cooled mixture was 
poured into 2n-hydrochloric acid (100 ml.). The insoluble anilide was washed with boiling 
water (50 ml.) and crystallised from dimethylformamide, forming yellow needles of the carboxy- 
anilide (1:35 g., 97%), m. p. 287—288° (decomp.) (Found: C, 61-1; H, 4:2; N, 19-55. 
C,,H,O.N; requires C, 61-4; H, 4-2; N, 195%). 

(b) 3-Hydroxypyrazine-2-carboxylic acid (2 g.) was converted into the acid chloride by 
use of thionyl chloride and benzene under reflux. This was suspended in benzene (20 ml.), and 
a solution of aniline (10 ml.) in benzene (10 ml.) added dropwise. After 2 days the anilide was 
filtered off and washed with water and acetone. Crystallisation from dimethylformamide gave 


31 Alford and Schofield, J., 1953, 1813. 

82 Mizzoni and Spoerri, J. Amer. Chem. Soc., 1951, 78, 1873. 

* Eichenberger, Staehelin, and Druey, Helv. Chim. Acta, 1954, 37, 845. 
** Karmas and Spoerri, J. Amer. Chem. Soc., 1957, 79, 680. 





[1960] Scope of an N-Oxide Rearrangement. 3379 


yellow crystals (1-3 g., 43%), m. p. and mixed m. p. with the product obtained by method (a) 
987—288° (decomp.). ’ 

Oxidation. Oxidation of this anilide (0-3 g.) with hydrogen peroxide (30%; 2 ml.) and 
acetic acid (10 ml.) at 50° for 96 hr. did not yield N-oxide, but only a tar and 2,3-dihydroxy- 
pyrazine, m. p. >350°. 

3,4-Dihydro-4-methyl - 3 - ox0-2- phenylcarbamoylpyrazine.—3 - Hydroxy -2-phenylcarbamoyl- 
pyrazine (0-5 g.) was methylated with dimethyl sulphate and potassium carbonate in boiling 
acetone. The yellow needles of 3,4-dihydro-4-methyl-3-ox0-2-phenylcarbamoylpyrazine (0-25 g., 
495%) had m. p. 186°, after recrystallisation from acetone (Found: C, 62-7; H, 5-2; N, 18-2. 
CygH,,02N; requires C, 62-9; H, 4-8; N, 18-3%). 

Oxidation. Oxidation with hydrogen peroxide and acetic acid under various conditions 
also led to the formation of tars only. 

3-Hydroxy-2-(N-methyl-N-phenylcarbamoyl)pyrazine—A mixture of phosphorus tyri-(N- 
methylanilide) [from phosphorus trichloride (3-2 ml.) and methylaniline (21-2 ml.)] and 
3-hydroxypyrazine-2-carboxylic acid (7 g.) in dry toluene (60 ml.) was heated under reflux for 
lhr. The toluene was removed and the residue extracted with ethanol (3 x 100 ml.). Con- 
centration of the extract gave cubes of the N-methylanilide (4-5 g., 39-5%), m. p. 217-5° after 
further crystallisation (Found: C, 62-8; H, 4-6. C,,H,,O,N, requires C, 62-9; H, 48%). 

1-Oxide (V; R=H). A mixture of the N-methylanilide (2 g.), acetic acid (10 ml.), and 
30% hydrogen peroxide (2 ml.) was heated at 55°. Two further quantities of hydrogen peroxide 
(each 1 ml.) were added at intervals of 24 hr. After the mixture had been heated for 72 hr. in 
all, it was diluted with water (10 ml.) and kept at 0° for 24 hr. The solid crystallised from 
acetic acid as cubes of the 1l-ovxide (1-5 g., 68-3%), m. p. 289° (decomp.) (Found: C, 59-0; H, 
43; N, 17-2. C,,.H,,O,N; requires C, 58-8; H, 4-5; N, 17-1%). 

3,4- Dihydro-4-methyl-2-{N -methyl-N -phenylcarbamoyl) -3-oxopyrazine.—3-Hydroxy -2-(N- 
methyl-N-phenylcarbamoy]l)pyrazine (2 g.) was methylated with dimethyl sulphate and potass- 
jum carbonate in boiling acetone. The 4-methyl-N-methylanilide (1-0 g., 46-0%) formed needles, 
m. p. 190—190-5° (from ethanol) (Found: C, 64-8; H, 5-4; N, 17-5. (C,3H,,;0,N, requires 
C, 64-2; H, 5-4; N, 17-3%). 

1-Oxide (V; R= Me). (a) The 4-methyl-N-methylanilide (0-5 g.) was oxidised with acetic 
acid (3 ml.) and hydrogen peroxide (30%, 0-5 ml.) as before. The 1-oxide formed needles (from 
ethanol) (0-25 g., 46-7%), m. p. 225° (decomp.) (Found: C, 59-8; H, 4-8; N, 15-9. C,,;H,,0,N, 
requires C, 60-2; H, 5-05; N, 16-2%). 

(b) 3-Hydroxy-2-(N-methyl-N-phenylcarbamoyl)pyrazine l-oxide (0-5 g.) was methylated 
with dimethyl sulphate and potassium carbonate in boiling acetone. The product was treated 
as in (a), yielding 0-4 g. (77%) of material, m. p. and mixed m. p. with that obtained by method 
(a) 218°. 

3-H ydroxy-2-(N-methyl-N-p-tolylcarbamoyl)pyrazine.—An ice-cold solution of phosphorus 
trichloride (1-4 g.) in toluene (10 ml.) was added dropwise to a stirred solution of N-methyl-p- 
toluidine (8 g.) in toluene (20 ml.). After 30 min. at room temperature the mixture was heated 
on a steam-bath for 45 min. 2-Hydroxypyrazine-3-carboxylic acid (2 g.) was added and the 
mixture was heated under reflux for 5 min. The resulting solution (two layers) was chilled for 
12 hr. and the yellow crystals collected and washed with water and with alcohol. Crystallis- 
ation from ethanol gave cubes of the p-toluidide (1-6 g., 46-1%), m. p. 205° (Found: C, 
64-0; H, 5-6; N, 17-4. C,,H,,0,N, requires C, 64-2; H, 5-4; N, 17-3%). 

1-Ovide (XI; R=H, R’ = p-MeC,H,). The p-toluidide (0-5 g.) was oxidised with 
hydrogen peroxide in acetic acid, as already described. The crystalline product was recrystal- 
lised from ethanol, forming needles of the 1-ovide (0-26 g., 48-5%), m. p. 248° (decomp.) (Found: 
C, 60-2; H, 4:7; N, 16-2. C,,H,,0,N, requires C, 60-2; H, 5-05; N, 16-2%). 

2-(N-Methyl-N-phenylcarbamoyl)quinoxaline.—Quinoxaline-2-carboxylic acid*! (3-5 g.), 
thionyl chloride (20 ml.), and benzene (10 ml.) were heated under reflux for 2 hr., and the mix- 
ture was evaporated to dryness under reduced pressure. The residue was dissolved in a mixture 
of methylaniline (16 ml.) and benzene (20 ml.), and shaken for 5 min. The benzene solution 
was washed successively with 2N-hydrochloric acid (3 x 25 ml.), aqueous sodium hydrogen 
carbonate, and water, and then evaporated. The residue crystallised from aqueous ethanol as 
needles of the N-methylanilide (4 g., 75%), m. p. 128° (Found: C, 72-5; H, 5-15. C,,H,,ON, 
requires C, 73-0; H, 50%). 

1,4-Dioxide. A mixture of the N-methylanilide (1 g.), acetic acid (2 ml.), and 40% peracetic 
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acid (5 ml.) was heated at 55° for 24 hr., and the residue, obtained by evaporation to dryness 
under reduced pressure, was crystallised from ethanol forming needles of the 1,4-dioxide (1 g., 
90%), m. p. 223° (Found: C, 65-25; H, 4-6; N, 13-85. (C,,H,,0,N, requires C, 65-1; H, 4-4: 
N, 142%). 

1-Oxide (VIII). Chloroform (2 ml.), 2-(N-methyl-N-phenylcarbamoyl)quinoxaline 1,4-di- 
oxide (0-2 g.), and phosphorus trichloride (0-4 ml.) were kept at room temperature for 16 hr. and 
then poured on ice. The mixture, on basification with aqueous sodium hydroxide and evapor- 
ation of the chloroform, gave a solid which crystallised from ethanol as needles of the 1l-oxide 
(0-2 g., 95%), m. p. 198—199° (Found: C, 68-3; H, 4:4; N, 15-4. (C,,H,,;0,.N, requires C, 
68-8; H, 4-7; N, 15-05%). 

3-Hydroxyquinoxaline-2-carboxylic Acid.—Alloxazine (4-7 g.), prepared ** by the condens- 
ation of o-phenylenediamine with alloxan, was heated in 20% aqueous sodium hydroxide 
(20 ml.) in an autoclave at 170° for 4hr. The mixture was then heated to boiling, treated with 
animal charcoal, and filtered. On acidification of the filtrate, 3-hydroxyquinoxaline-2- 
carboxylic acid (3-1 g., 73-5%), m. p. 268° (decomp.), separated. 

3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxyamide.—3 - Hydroxyquinoxaline - 2-carboxy- 
amide (80%), m. p. 306—308°, was prepared by the addition of aqueous ammonium hydroxide 
to ethyl 3-hydroxyquinoxaline-2-carboxylate ** and was then methylated to give 3,4-dihydro-4- 
methy]-3-oxoquinoxaline-2-carboxyamide, m. p. 254°, in 80% yield, as described by Clark-Lewis.* 

3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxylic Acid.—Methylation of ethyl 3-hydroxy- 
quinoxaline-2-carboxylate ** (dimethyl sulphate, anhydrous potassium carbonate and acetone) 
gave ethyl 3,4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxylate (2-5 g., 80% yield), m. p. 125-5° 
(from ethanol) (Found: C, 61-85; H, 5-1. C,,H,,O,N, requires C, 62-1; H, 5-2%). This ester 
was hydrolysed by hot 3n-sodium hydroxide for 4 hr. The acid was obtained in nearly quant- 
itative yield as yellow needles, m. p. 172-5—173° (decomp.). The m. p. recorded by King and 
Clark-Lewis * is 173—174° (decomp.). 

3,4- Dihydro-4-methyl-2-(N-methyl-N-phenylcarbamoyl) -3 -oxoquinoxaline.—3-Hydroxy-2-(N- 
methyl-N-phenylcarbamoyl)quinoxaline (1-0 g.) was methylated (dimethyl sulphate, potassium 
carbonate, and acetone). 3,4-Dihydro-4-methyl-2-(N-methyl-N-phenylcarbamoy]l)-3-oxoquin- 
oxaline formed needles, m. p. 162—163° (70%), from benzene—petroleum (b. p. 60—80°.) Clark- 
Lewis ** records m. p. 165°. 

1-Oxide (I). (a) The direct oxidation of 3,4-dihydro-4-methyl-2-(N-methyl-N-pheny]l- 
carbamoyl)-3-oxoquinoxaline with hydrogen peroxide (30%) and acetic acid afforded the 
N-oxide, m. p. 189—190°, in 50% yield, as described by Clark-Lewis.? 

(b) The oxidation ! of hydroxyimino-N N’-dimethylmalondianilide ? with chromic acid also 
gave the N-oxide (33%), m. p. 187°. The mixed m. p. with the product by methed (a) was the 
same. 

2- Dimethylcarbamoyl-3,4-dihydro -4- methyl -3 - oxoquinoxaline.—3,4-Dihydro-4-methyl-3-oxo- 
quinoxaline-2-carboxylic acid (1-2 g.), thionyl chloride (10 ml.), and benzene (20 ml.) were 
heated under reflux for 2 hr. The solid obtained after the removal of thionyl chloride and 
benzene under reduced pressure was suspended in benzene and added to alcoholic dimethyl- 
amine (30%; 20 ml.) at 0°. The solution was allowed to warm to room temperature, and after 
10 min. was evaporated to dryness under reduced pressure and extracted with benzene 
(6 x 10 ml.). The benzene solution was dried (Na,SO,) and concentrated to 15 ml. Needles 
of 2-dimethylcarbamoyl-3,4-dihydro-4-methyl-3-oxoquinoxaline (1-2 g., 88-2%), m. p. 129°, 
were obtained (Found: N, 17-9. Calc. for C,,H,,0,N;: N, 18-2%). 

Clark-Lewis * reports m. p. 115° for this compound; however, the ultraviolet absorption 
of the product, m. p. 129°, was identical with that reported by Clark-Lewis. 

1-Oxide (X; R = R’ = Me). The dimethyl-carboxyamide (2 g.) was oxidised with hydrogen 
peroxide in acetic acid, as in previous experiments. When the acetic acid was removed under 
diminished pressure and the residue crystallised from ethanol pale yellow rosettes of the 1-oxide 
(1-3 g., 62%), m. p. 182—183°, were obtained (Found: C, 58-3; H, 5-2; N, 16-7. C,,H,3,03N; 
requires C, 58-3; H, 5-3; N, 17-0%). 

2- Diphenylcarbamoyl-3,4-dihydro-4-methyl-3-oxoquinoxaline,—3,4- Dihydro-4-methy] - 3 - oxo- 
quinoxaline-2-carboxy] chloride (from 1-5 g. of acid) and diphenylamine (7 g.) in benzene (70 ml.). 
were heated for 5 min. The benzene was then removed under reduced pressure, the residue 


%§ Kuhling, Ber., 1891, 24, 2364. 
%* Clark-Lewis, J., 1957, 422. 
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extracted with petroleum (b. p. 60—80°) until diphenylamine was no longer recovered, and the 
residue crystallised from benzene, forming microcrystals of 2-diphenylcarbamoyl-3,4-dihydro-4- 
methyl-3-oxoquinoxaline (1-7 g., 64%), m. p. 209° (Found: C, 74-4; H, 4-7. C,,H,,O,N, requires 
C, 74:35; H, 48%). 

1-Oxide (X; R= R’ = Ph). The diphenylcarboxyamide (0-5 g.) was oxidised with 30% 
hydrogen peroxide and acetic acid as before. The 1-oxide crystallised from ethanol as pale 
yellow needles (0-35 g., 67%), m. p. 226° (Found: C, 70-8; H, 46. C,,H,,O;N, requires C, 
71:15; H, 46%). 

3-Hydroxy-2-(N-methyl-N-p-nitrophenylcarbamoyl)quinoxaline.—The acid chloride, from the 
acid (3-0 g.) and thionyl chloride (15 ml.), was treated with a hot solution of N-methyl-p-nitro- 
aniline (5-0 g.) in benzene (200 ml.). Unchanged N-methyl-p-nitroaniline separated on cooling; 
the filtrate was evaporated to dryness under reduced pressure and the residue crystallised from 
ethanol, forming yellow prisms of the N-methyl-p-nitroanilide (4-6 g., 90-9%), m. p. 226° (Found: 
C, 59-5; H, 3-9; N, 17-1. CygH,,O,N, requires C, 59-3; H, 3-7; N, 17-3%). 

3,4-Dihydro-4-methyl-2-(N-methyl-N -p-nitrophenylcarbamoyl)-3-oxoquinoxaline.—3 - Hydroxy- 
2-(N-methyl-N-p-nitrophenylcarbamoy]l)quinoxaline (2-5 g.) was methylated (dimethy] sulphate, 
potassium carbonate, and acetone). 3,4-Dihydro-4-methyl-2-(N-methyl-N-p-nitrophenylcarb- 
amoyl)-3-oxoquinoxaline (2-0 g., 77%) formed needles, m. p. 198°, from ethanol (Found: C, 
59-9; H, 4:5. C,,H,,0,N, requires C, 60-35; H, 42%). 

1-Oxide (X; R = Me, R’ = p-NO,’C,H,). Prepared by oxidation with hydrogen peroxide 
in acetic acid, the l-oxvide formed needles (63-7%), m. p. 204—205°, from ethanol (Found: C, 57-6; 
H, 3-7. C,,H,,O,N, requires C, 57-6; H, 4-0%). 

N-Methyl-2,6-xylidine.—2,6-Xylidine (12-1 g.), water (50 ml.), and dimethyl sulphate (9-5 
ml.) were shaken for 45 min., and concentrated hydrochloric acid (25 ml.) was then added at 0°. 
A concentrated solution of sodium nitrite (10 g.) was added dropwise at <10°. 15 min. later 
the nitroso-derivative was extracted with ether, the ethereal extract dried (Na,SO,), the ether 
removed, and the residual liquid gradually added to a well-stirred solution of stannous chloride 
hydrate (68 g.) in concentrated hydrochloric acid (66 ml.). The temperature was kept below 
60°. After 1 hr. at room temperature, excess of aqueous sodium hydroxide was added to the 
mixture, which was then extracted with benzene. The benzene solution was dried (Na,SO,) 
and evaporated under reduced pressure to yield N-methyl-2,6-xylidine (4-0 g., 30%); this was 
used without further purification. 

N-Methyl-2,4-xylidine.—N-Methyl-2,4-xylidine was prepared similarly from 2,4-xylidine in 
35% yield. 

3,4-Dihydro-4-methyl-2-(N-methyl - N-2,6 - xylylcarbamoyl) -3 - oxoquinoxaline.—3,4-Dihydro-4- 
methyl-3-oxoquinoxaline-2-carboxyl chloride (from 1-2 g. of acid) was added portionwise to a 
solution of N-methyl-2,6-xylidine (1-8 g.) in benzene (10 ml.). The mixture was shaken for 
10 min. and then washed with 2N-hydrochloric acid (2 x 25 ml.); the anilide crystallised from 
ethanol as needles (1-86 g., 93%), m. p. 264° (Found: C, 71-0; H, 6-0. C,,H,,O,N, requires 
C, 71-0; H, 6-0%). 

3,4- Dihydro-4-methyl -2-(N -methyl-N-2,4-xylylcarbamoyl) -3-oxoquinoxaline.—This anilide 
(68%) (Found: C, 70-9; H, 6-1%) was prepared similarly and had m. p. 213°. 

3,4-Dihydro-4-methyl-2-(N-methyl-N-2,6-xylylcarbamoyl)-3-oxoquinoxaline 1-Oxide (X; R = 
Me, R’ = 2,6-Me,C,H,).—The anilide (1-0 g.) was treated with 40% peracetic acid (10 ml.) as 
already described. The l-oxide formed cubes (0-2 g., 20%), m. p. 274° (decomp.), from ethanol 
(Found: N, 12-3. C,gH,,O,N, requires N, 12-5%). 

Attempted Preparation of 3,4-Dihydro-4-methyl-2-(N-methyl-N-2,4-xylylcarbamoyl)-3-oxoquin- 
oxaline 1-Oxide (XK; R= Me, R = 2,4-Me,C,H;).—The oxidation of the anilide with 30% 
hydrogen peroxide and acetic acid or peracetic acid at various temperatures (55—100°) gave 
either starting material or a gum, or the mixture of these two, from which N-oxide could not be 
isolated. 

Benzoxazole-2-carboxyanilide.—This anilide, m. p. 155—157°, was prepared by Skraup and 
Moser’s method ™ in good yield. 

2-(N-Phenyl-N-phenylcarbamoyl)benzoxazole.—Potassium benzoxazole-2-carboxylate * (2-0 
g.) and thionyl chloride (10 ml.) in dry benzene (10 ml.) were heated under reflux for 1-25 hr. 
The mixture was evaporated to dryness under diminished pressure and the residue was 
suspended in benzene (10 ml.). A solution of methylaniline (4 ml.) in benzene (10 ml.) was then 
added. The reaction mixture was shaken for 10 min. and washed first with 2n-hydrochloric 
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acid and then with water. The dried (Na,SO,) benzene layer gave the N-methylanilide (0-9 g., (X) 
36%), as needles, m. p. 83° [from light petroleum (b. p. 60—80°)] (Found: C, 70-8; H, 4-45, 0x0 
C,3;H,,0,N, requires C, 71-4; H, 48%). N~< 
Oxidation.—Oxidation of both anilides with hydrogen peroxide and acetic acid or peracetic dar 
acid or perbenzoic acid by the usual methods yielded only tars from which solid could not be wit 
isolated. solt 
resi 
hy¢ 
TREATMENT OF N-OXIDES WITH SULPHURIC ACID m. 
3- Hydroxy -2-0-methylaminophenylpyrazine (VI; R = H).—3-Hydroxy-2-(N -methyl-N- 
phenylcarbamoyl)pyrazine 1-oxide (1-0 g.) and concentrated sulphuric acid (8 ml.) were heated : The 
at 55° for 2 hr. The cooled mixture was poured on ice, then neutralised with aqueous sodium f met 
hydroxide and extracted with chloroform; the extracts were dried (Na,SO,) and the chloro- 
form removed. The residue crystallised from benzene-light petroleum (b. p. 60—80°) as yellow cen 
leaflets of 3-hydroxy-2-0-methylaminophenylpyrazine (0-84 g., 93%), m. p. 193° (Found: C, N~« 
65-0; H, 5-7; N, 20-8. C,,H,,ON, requires C, 65-7; H, 5-5; N, 20-9%). und 
3,4-Dihydro-4-methyl-2-0-methylaminophenyl-3-oxopyrazine (VI; R = Me).—(a) 3,4-Dihydro- mat 
4-methyl-2-(N-methyl-N-phenylcarbamoy])-3-oxopyrazine 1l-oxide (0-1 g.) and sulphuric acid met 
(1 ml.) were heated at 55° for 2 hr. The cooled mixture was poured on ice, and the solution 
basified with aqueous sodium hydroxide and extracted with chloroform. The extract was 
dried (Na,SO,) and distilled under reduced pressure and the residue crystallised from benzene- 


Exp 
No 
light petroleum (b. p. 60—80°), giving orange leaflets of 3,4-dihydro-4-methyl-2-0-methylamino- : 
phenyl-3-oxopyrazine (0-077 g., 93%), m. p. 135° (Found: C, 66-7; H, 5-9; N, 19-7. C,,H,,ON; 3. 
requires C, 66-95; H, 6-1; N, 19-5%). : 

(b) 3-Hydroxy-2-0-methylaminophenylpyrazine (0-2 g.), dimethyl sulphate (0-1 ml.), 6 
acetone (10 ml.), and potassium carbonate (0-2 g.) were heated under reflux for 0-5 hr. The 7 
acetone was removed, the residue dissolved in dilute hydrochloric acid, and the solution 8 
basified with aqueous sodium hydroxide. 3,4-Dihydro-4-methyl-2-o-methylaminophenyl-3- - 


oxopyrazine (0-05 g.) formed leaflets, m. p. and mixed m. p. L30—131°. ll. 
3-Hydroxy-2-(5-methyl-2-methylamino) phenylpyrazine.—3-Hydroxy-2-(N-methyl-N - p-tolyl- 12. 
carbamoyl)pyrazine l-oxide (0-1 g.) and concentrated sulphuric acid (1 ml.) were heated at 55° My 


for 2 hr.; the mixture was allowed to cool and then poured onice. The solution was neutralised 


with aqueous sodium hydroxide and extracted with chloroform. The chloroform extract gave - 
a residue, which crystallised from benzene-light petroleum (b. p. 60—80°) as cubes of 3-hydroxy- 16. 
2-(5-methyl-2-methylaminophenyl) pyrazine (0-078 g., 94%), m. p. 144° (Found: C, 66-2; H, 5-9; 17. 


N, 19-15. C,,H,,ON, requires C, 66-95; H, 6-1; N, 19-5%). 
3,4-Dihydro-4-methyl-2-0-methylaminophenyl-3-oxoquinoxaline (I1).—(a) 3,4-Dihydro-4-meth- 
yl-2-(N-methyl-N-phenylcarbamoy])-3-oxoquinoxaline l-oxide decomposed in concentrated pl 
sulphuric acid to give 3,4-dihydro-4-methyl-2-o-methylaminophenyl-3-oxoquinoxaline in 70% 
yield as described by Clark-Lewis.* A second product ! was also obtained. 
(b) 3-Hydroxy-2-0-methylaminophenylquinoxaline (to be described in a later communic- 


ation) was methylated with methyl sulphate. The product (orange needles from aqueous 1 
methanol), m. p. 130°, was identical with that from preparation (a). amo 

3,4-Dihydro-4-methyl-2-0-phenylaminophenyl - 3 - oxoquinoxaline.—2 - Diphenylcarbamoy] -3,4- for 
dihydro-4-methyl-3-oxoquinoxaline 1l-oxide (0-1 g.) was stirred gradually into cooled con- Basi 
centrated sulphuric acid (1 ml.), and after 5 min. the solution was poured on ice (5 g.) and from 
filtered. The filtrate was basified and extracted with chloroform. The chloroform was dried Ox0C 
(Na,SO,) and the solvent removed. Crystallisation from ethanol gave needles of 3,4-dihydro-4- 1 
methyl-2-0-phenylaminophenyl-3-oxoquinoxaline (0-035 g., 39%), m. p. 297° (Found: C, 76-4; by s 
H, 5-1. C,,H,,ON, requires C, 77-0; H, 5-2%). A 

3,4-Dihydro-4-methyl-2 -(2-methylamino - 5 -nitrophenyl) - 3 - oxoquinoxaline.—3,4- Dihydro-4- | 
methyl-2-(N-methyl-N-p-nitrophenylcarbamoyl)-3-oxoquinoxaline 1l-oxide (0-2 g.) and con- \ 
centrated sulphuric acid (3 ml.) were heated at 55° for 24 hr. The mixture was allowed to cool = 


to room temperature and then poured on ice (10 g.). The yellow precipitate was washed with 
water and then with ethanol; crystallisation from dimethylformamide gave yellow cubes of K 
3,4-dihydro-4-methyl-2-(2-methylamino-5-nitrophenyl)-3-oxoquinoxaline (0-14 g., 77%), m. p. 280° 
(Found: C, 62-2; H, 5:2; N, 17-65. C,.H,,O,N, requires C, 61-9; H, 4-55; N, 18-1%). 

Rearrangement of a Mixture of 3-Hydroxy-2-(N-methyl-N-p-tolylcarbamoyl)pyrazine 1-Oxide 
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(xI; R=H, R’ = p-MeC,H,) and 3,4-Dihydro-4-methyl-2-(N-methyl-N-phenylcarbamoyl)-3- 
oxopyrazine 1-Oxide (XI; R = Me, R’ = Ph).—An intimate mixture of these finely-powdered 
N-oxides (0-10 g. of each) was heated in concentrated sulphuric acid (2 ml.) at 55° for 2hr. The 
dark red solution was cooled and poured on ice (10 g.)._ The solution was made strongly alkaline 
with aqueous sodium hydroxide and extracted with chloroform (3 x 25 ml.). The chloroform 
solution was dried (Na,SO,) and then evaporated to dryness under reduced pressure. The 
residue crystallised from benzene-light petroleum (b. p. 60—80°) as orange leaflets of 3,4-di- 
hydro-4-methy]-2-o-methylaminophenyl-3-oxopyrazine (0-0767 g., 93%), m. p. and mixed 
m. p. 135°. 

The original alkaline solution was then adjusted to pH 6 and extracted with chloroform. 
The chloroform extract was worked up as before, giving cubes of 3-hydroxy-2-(5-methyl-2- 
methylamino)phenylpyrazine (0-0775 g., 94%), m. p. and mixed m. p. 144°, 

Compounds not rearranged by Sulphuric Acid.—Experiments in which rearrangement in con- 
centrated sulphuric acid could not be detected are summarised in the Table. The amides or 
N-oxides were dissolved in 10—15 times their weight of concentrated sulphuric acid and heated 
under the conditions shown. After the acid solution had been poured on ice the starting 
material was recovered. In no case was any of the product to be expected from rearrange- 
ment detected. 


Expt. Time % 
No. Compound Temp. (hr.) recovery 
1. N-Methylpicolinanilide l-oxide (IV; R = H) _ ........c.ccscscesecessseevees 60° 4 90 
2. 3-Hydroxy-N-methylpicolinanilide l-oxide (IV; R = OH) ............... 60 3 90 
3. N-Methyliquinaldinanilide 1-oxide ................ccccceccccccscsecsccscccesccsess 55 14 70 
4. 1,6-Dihydro-3-(N-methyl-N-phenylcarbamoy]l)-6-oxopyridazine ......... 55 24 90 
5. od pe 2-oxide 55 24 40 
6. 3-Hydroxy-2-N-phenylcarbamoylpyrazine ...........scscssececeeesceecseeeees 20 1 80 
7. 3-Hydroxy-2-(N-methyl-N-phenylcarbamoyl)pyrazine ...............ss000. 20 1 80 
8. 3,4-Dihydro-4-methyl-3-oxo-2-N-phenylcarbamoylpyrazine ............... 20 1 70 
9. 3,4-Dihydro-4-methyl-2-(N-methyl-N-phenylcarbamoy]l)-3-oxopyrazine 20 1 80 
10. 2-(N-Methyl-N-phenylcarbamoyl)quinoxaline l-oxide (VIII) ............ 55 16 80 
ll. 3-Hydroxyquinoxaline-2-carboxylic acid. ..........ccccecccsceseceeceesensceeees 20 0-5 100 
12. 3-Hydroxyquinoxaline-2-carboxyamide  ..........c.csssecscsescescescesscesees 20 0-5 100 
13. 3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxyamide ...............++. 20 0-5 95 
14. 2-Dimethylcarbamoyl-3,4-dihydro-4-methyl-3-oxoquinoxaline ......... 20 0-25 80 
15 rw ie a 1-oxide 
Cs. oe Be cay BD nike ncncnnicchscvsepnssintnegqiaiveavdniiiaeni teins 20 0-25 83 
16. 3,4-Dihydro-4-methyl-2-N-methylanilino-3-oxoquinoxaline (III) ......... 20 0-25 100 
17. 3,4-Dihydro-4-methyl-2-(N-methyl-N-2,6-xylylcarbamoy])-3-oxoquin- 
SE BNE Sines ce cvewscccencstnvetectstsasdiscnesonasbebsguanddehishianceere 20 0-25 70 


(i) Experiments No. 1, 2, and 16 were repeated at higher temperatures; the products were com- 
pletely water soluble and gave white crystalline precipitates with S-benzylthiouronium chloride. 
Sulphonation had presumably occurred, but this was not further investigated. 

(ii) The low yield in experiment No. 5 is also presumably due to sulphonation. 


Treatment with Polyphosphoric Acid.—3,4-Dihydro-4-methyl-2-(N-methyl-N-phenylcarb- 
amoyl)-3-oxoquinoxaline 1-oxide (I) (0-5 g.) and polyphosphoric acid (10 g.) were heated at 55° 
for 13 hr. The mixture was allowed to cool and then diluted with water (20 ml.) and filtered. 
Basification of the filtrate with aqueous sodium hydroxide and crystallisation of the residue 
from aqueous methanol gave orange needles of 3,4-dihydro-4-methyl-2-o-methylaminophenyl-3- 
oxoquinoxaline (50%), m. p. and mixed m. p. 135°. 

The solid removed from the reaction mixture was identical with the second product obtained 
by sulphuric acid treatment. 

A brief summary of this work has appeared.*” 


We are grateful to Messrs. Laporte Chemicals Ltd., for a generous supply of peracetic acid 
and to Professor D. H. Hey, F.R.S., and Professor W. G. Overend, D.Sc., for their interest and 
encouragement. ‘ 

Kinc’s COLLEGE AND BIRKBECK COLLEGE, LONDON. [Received, September 21st, 1959.) 
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675. The Reduction of 3-Hydroxyquinoxaline-2-carboxylic Acid 
and Derivatives with Sodiwm Dithionite. 


By M. S. Hasis and C. W. REEs. 


The reactivity of 3-hydroxyquinoxaline-2-carboxylic acid derivatives 
towards sodium dithionite is parallel to that of the corresponding 1-oxides 
towards sulphuric acid. The ready formation of the corresponding 1,2-di- 
hydro-compounds provides further evidence of the powerfully electrophilic 
nature of C;,) in certain of these compounds. 


THE very rapid reaction of 3,4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-methyl- 
anilide 1-oxide (I) in cold concentrated sulphuric acid was attributed} to the presence of a 
powerfully electrophilic centre at C,.) in the conjugate acid; further experimental support 
might be obtained by investigation of the reduction of this and related compounds at the 
Nqy-Cy double bond. Formaticn of the 1,2-dihydro-compound involves addition of 
hydrogen, presumably as hydride ion at Cj) and a proton at Nq. As expected on the 
above assumption, this addition occurred most readily with those bases the 1-oxides of 
which are degraded by sulphuric acid. 


Me Me R 
N N N 

: 12) 12) 
+2>CO-NMePh CO-NMePh ow COX 
N N N 
o- ~. 


‘ (IIIa) ; R=H, X=OH 
hf (I1b) ; R=H, X=NHPh 


N 
CX O NHMe (IIc) ; R= Me, X=NHPh 
7 (IIId) ; R=Me, X=NMePh 

(IV) 


Sodium dithionite converted both the N-oxide (I) and the corresponding base into 
1,2,3,4-tetrahydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-methylanilide (II). This com- 
pound has been prepared by reduction of the N-oxide (I) by Usherwood and Whiteley,’ 
who established its structure. The 1,2-dihydro-structure of the present reduction products 
follows by analogy and by the ready reversal of this reduction by heat. The bases prepared 
earlier } for conversion into their N-oxides were therefore treated with aqueous ethanolic 
sodium dithionite under standard conditions. 1,2-Dihydro-derivatives were formed from 
certain of the quinoxaline compounds only; for example, 3,4-dihydro-4-methyl-3-oxo- 
pyrazine-2-carboxy-N-methylanilide was recovered, and its l-oxide was reduced only to 
the corresponding base. Six 3-oxoquinoxaline-2-carboxylic acid derivatives (III, I, and 
the corresponding diphenyl-amide) were all reduced to the 1,2-dihydro-compounds. If 
the oxo-group was removed or replaced by an amino-group no reduction was observed. 
Similarly, if the 2-carboxylic acid function was removed or replaced by a substituted 
phenyl ring there was again no reduction. Thus the minimum structural requirements for 
reduction under our conditions are summarised in formula (III), where the Nqy-C:) double 
bond is seen to be conjugated with the benzene ring and the two amide oxo-groups. This 
is the structure whose N-oxide undergoes the sulphuric acid rearrangement described 
earlier. All the other bases, which were not reduced by sodium dithionite, yielded N- 
oxides which did not rearrange in acid, with the exception of 3,4-dihydro-4-methyl-3- 
oxopyrazine-2-carboxy-N-methylanilide whose l-oxide rearranges,! but very much more 
slowly than the quinoxaline compound (I). The closely related structural requirements of 


1 Habib and Rees, Chem. and Ind., 1959, 367; preceding paper. 
2 Usherwood and Whiteley, J., 1923, 1069. 
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these two apparently dissimilar reactions suggest an underlying mechanistic similarity. 
The driving force of the acid-catalysed rearrangements was attributed! to the highly 
electrophilic nature of C;,.) of the conjugate acids. This polarisation, less developed in the 
neutral molecules, would likewise promote nucleophilic attack by hydride ions at Cy) in the 
reduction reactions. 

Quinoxaline-2-carboxy-N-methylanilide 1,4-dioxide was reduced under the standard 
conditions to quinoxaline-2-carboxy-N-methylanilide, and no mono-oxide could be 
isolated. 


EXPERIMENTAL 


Standard Procedure for Reduction (cf. Newbold and Spring *).—A solution of the compound 
(0-2 g.) and sodium dithionite (0-3 g.) in 50% aqueous ethanol (10 ml.) was heated under reflux 
for } hr.; more sodium dithionite (0-3 g.) was then added and the heating continued for a further 
hr. The ethanol was removed and the solid which separated on cooling was crystallised 
from aqueous ethanol. The yields were 72—98%. 

3,4-Dihydro-4-methyl-3-oxopyrazine-2 - carboxy -N -methylanilide.—3,4- Dihydro-4-methyl-3- 
oxopyrazine-2-carboxy-N-methylanilide l-oxide gave the corresponding base, m. p. 188°, 
identical with an authentic sample.* 

Quinoxaline-2-carboxy -N -methylanilide —Quinoxaline-2-carboxy-N-methylanilide 1,4-di- 
oxide ! gave this base, m. p. 128°, identical with an authentic sample. With use of the quantity 
of sodium dithionite calculated for removal of one oxygen atom, a mixture of starting material 
and free base was isolated, and no mono-oxide could be detected. 

1,2-Dihydro-3-hydroxyquinoxaline -2-carboxylic Acid.—3-Hydroxyquinoxaline -2-carboxylic 
acid 4 (IIIa) gave, after adjusting the mixture to pH 2-5, 1,2-dihydro-3-hydroxyquinoxaline-2- 
carboxylic acid hydrate, m. p. 152° (decomp., depending on the rate of heating) (Found: C, 51-0; 
H, 4:8. C,H,O,N,,H,O requires C, 51-4; H, 4-8%). 

1,2- Dihydro -3-hydroxyquinoxaline - 2 -carboxyanilide.—3 - Hydroxyquinoxaline - 2- carboxy - 
anilide * (IIIb) gave pale yellow needles of 1,2-dihydvo-3-hydroxyquinoxaline-2-carboxyanilide, 
m. p. 208° (Found: C, 66-9; H, 4-9. C,,H,,0,N,; requires C, 67-4; H, 4:9%). This dihydro- 
compound was reconverted into the starting material in air at 240° for 4 hr.; the 3-hydroxy- 
quinoxaline-2-carboxyanilide (61%) crystallised as leaflets, m. p. and mixed m. p. 336—338°, 
from dimethylformamide. 

1,2,3,4-Tetrahydro-4-methyl-3-oxoquinoxaline-2-carboxyanilide.—3,4-Dihydro-4-methyl-3-oxo- 
quinoxaline-2-carboxyanilide (IIIc) (see below) gave pale yellow needles of the tetrahydro- 
compound, m. p. 161° (Found: C, 68-4; H, 5-4. C,,H,,O,N, requires C, 68-3; H, 5-4%). 

1,2,3,4-Tetrahydvo-4-methyl-3 -0 xoquinoxaline -2-carboxy -N -methylanilide.—3,4- Dihydro-4- 
methyl-3-oxoquinoxaline-2-carboxy-N-methylanilide (IIId) and its l1-oxide (I) both yielded the 
tetrahydro-compound, m. p. 188°, identical with the product of zinc-dust reduction of the base 
reported by Clark-Lewis 5 and of the l-oxide reported by Usherwood and Whiteley. 

1,2,3,4-Tetrahydro-4-methyl-3-oxoquinoxaline-2-carboxy-NN-diphenylamide.—3,4- Dihydro-4- 
methyl-3-oxoquinoxaline-2-carboxy-N N-diphenylamide 1l-oxide ! gave needles of the tetrahydro- 
quinoxaline derivative, m. p. 179° (Found: C, 73-5; H, 5-5. C,,.H,,O,N, requires C, 73-9; 
H, 5-4%). 

The following compounds were not reduced under the standard conditions: 3,4-dihydro-4- 
methyl-3-oxopyrazine-2-carboxy-N-methylanilide,? quinoxaline-2-carboxy-N-methylanilide,} 3- 
aminoquinoxaline-2-carboxy-N-methylanilide (see below), 2-hydroxyquinoxaline,‘ and 3,4-di- 
hydro-4-methyl-2-0-methylaminopheny]-3-oxoquinoxaline (IV).5 

3-Hydroxyquinoxaline-2-carboxyanilide (IIIb).—This anilide, prepared from 3-hydroxy- 
quinoxaline-2-carboxylic acid by standard methods,} crystallised from dimethylformamide as 
yellow needles, m. p. 340—343° (decomp.). Clark-Lewis * records m. p. 343—345° (decomp.). 

3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxyanilide (IIIc).—(a) 3,4-Dihydro-4-methy]l-3- 
oxoquinoxaline-2-carboxyamide ® (2 g.) was heated under reflux with aniline (15 ml.) until no 
more ammonia was evolved (13 hr.), and the cooled mixture was poured into an excess of 2N- 
hydrochloric acid. The anilide crystallised from ethanol as yellow needles (1-9 g., 67%), m. p. 

% Newbold and Spring, J., 1948, 519. 

* Gowenlock, Newbold, and Spring, J., 1945, 622. 


® Clark-Lewis, J., 1957, 439. 
® Clark-Lewis, J., 1957, 422. 
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193—195° (Found: C, 68-8; H, 4:7; N, 14-9. C,,H,,;0,N, requires C, 68-8; H, 4-7; N, 
15-05%). 

(b) 3-Hydroxyquinoxaline-2-carboxyanilide was methylated with dimethyl sulphate to give 
a product (73%) identical with that of method (a). 

(c) 3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxyl chloride, prepared by heating the 
acid 7? (7-0 g.), thionyl chloride (30 ml.), and benzene (40 ml.) under reflux for 2 hr. and then 
evaporating to dryness, was added portionwise to an excess of aniline in benzene, and the 
mixture heated for 15 min. The precipitate was washed with 2Nn-hydrochloric acid and then 
with water. The anilide (96%) was identical with the above products. 

3-A minoquinoxaline-2-carboxyanilide.—Phenylphosphazoanilide,! from aniline (3-9 ml.) and 
phosphorus trichloride (0-64 ml.), was heated under reflux with 3-aminoquinoxaline-2-carboxylic 
acid ® (2-0 g.) in dry toluene for 1 hr. The hot mixture was rapidly filtered and the residue was 
extracted twice with hot toluene. The volume of the combined filtrate and extracts was 
reduced (10 ml.); on cooling a crystalline solid (1-2 g., 41%), m. p. 211—212°, separated. 
Recrystallisation from ethanol gave yellow needles of 3-aminoquinoxaline-2-carboxyanilide, m. p. 
213° (Found: C, 68-0; H, 4-4. C,,H,,ON, requires C, 68-2; H, 4-6%). 

3-A minoquinoxaline-2-carboxy-N-methylanilide.—Phosphorus tri-(N-methylanilide),* from 
methylaniline (4-3 ml.) and phosphorus trichloride (0-64 ml.), was heated under reflux with 
3-aminoquinoxaline-2-carboxylic acid ® (2-0 g.) in dry toluene (40 ml.) for 20 min. The toluene 
was removed, the tarry residue was extracted with ethanol, and the ethanolic solution (charcoal) 
evaporated to dryness. The solid gave yellow needles (from water) of 3-aminoquinoxaline-2- 
carboxy-N-methylanilide (0-69 g., 23%), m. p. 157° (Found: C, 68-6; H, 4-9. C,,H,,ON, requires 
C, 69-0; H, 5-1%). 


We are grateful to Professor D. H. Hey, F.R.S., for his interest and encouragement. 


Kinc’s COLLEGE, UNIVERSITY OF LONDON, 
STRAND, Lonpon, W.C.2. [Received, September 20th, 1959.] 


7 King and Clark-Lewis, J., 1951, 3381. 
8’ Abramovitch, Hey, and Long, J., 1957, 1787. 
® Weijlard, Tishler, and Erickson, J. Amer. Chem. Soc., 1944, 66, 1957. 





676. The Oxidation of 3-Hydroxyquinoxaline-2-carboxyanilide 
and its N-Methyl Derivatives. 


By M. S. Haprs and C. W. REEs. 


3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-methylanilide (Id) 
is oxidised by peracids to the l-oxide, but on removal of either or both of the 
N-methyl groups [giving (Ia, b, or c)], the oxidation takes a different course, 
the carboxyamide groups being replaced by hydroxyl groups, the 2,3-di- 
hydroxyquinoxaline is formed, and no N-oxides could be detected under a 
variety of conditions. The mechanism of these abnormal oxidations is 
discussed. 

4-Acetyl-3,4-dihydro-3-oxoquinoxaline-2-carboxy-N-methylanilide forms 
an N-oxide (VIII) normally, which undergoes the sulphuric acid rearrange- 
ment described elsewhere.? 

The isomeric mono-N-oxides of quinoxaline-2-carboxy-N-methylanilide 
have been prepared and characterised. 


THE mechanism of the acid-catalysed rearrangement of the N-oxides of 3,4-dihydro-4- 
methyl-3-oxoquinoxaline-2-carboxy-N-methylanilide (Id) and the corresponding pyrazine 
compound (IId) has been elucidated.1_ During attempted preparation of N-oxides of some 
closely related compounds, for comparison in this rearrangement, an anomalous reaction 
was encountered. 3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-methylanilide 
(Id) was oxidised directly to the l1-oxide in 50% yield with hydrogen peroxide and acetic 


1 Habib and Rees, Chem. and Ind., 1959, 367; J., 1960, 3371. 
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acid, as described by Clark-Lewis.? Similar oxidations of the anilides (Ia, b, and c), which 
were expected to give the corresponding l-oxides, took a different course. These oxid- 
ations were then repeated under widely different conditions with hydrogen peroxide, 
peracetic acid, and perbenzoic acid (cf. Table). In all cases the only solid products were 
2,3-dihydroxyquinoxaline (III) from (Ia and b), and 3,4-dihydro-2-hydroxy-4-methy]l- 


- as Me 
N N 
JZ ) 5b ( ja N, OH N 2) 
~ 2 CO-NPhR’ 2 CO-NPhR’ ys ae 
N N N N 


(I)a: R=R’=H (II)a:R =R’=H 
b:R=H, R’= Me : R=H, R’= Me 
c:R=Me, R’=H >: R=Me, R’=H 
d:R=R’=Me > R=R’= Me 


(111) (IV) 


3-oxoquinoxaline (IV), also prepared by monomethylation of (III), from (Ic). Thus when 
either or both of the N-methyl groups in (Id) are replaced by hydrogen, the 2-carboxy- 
anilide group is replaced by a hydroxyl group. With the corresponding pyrazine com- 
pounds, both methylanilides (IIb and d) furnished N-oxides (68% and 46% respectively) 
with hydrogen peroxide and acetic acid, but the anilides (IIa and c) did not. Similar 
unsuccessful attempts to prepare the N-oxides of analogous pyridazine compounds have 
also been reported.1_ Newbold and Spring * also found that 2,3-dihydroxyquinoxaline (ITI) 
was the product of oxidation of 2-hydroxyquinoxaline, 3-hydroxyquinoxaline-2-carboxylic 
acid, and 2,3-quinoxaline dicarboxylic acid with hydrogen peroxide and acetic acid. We 
find that this oxidation extends to the esters of these acids; ethyl 3,4-dihydro-4-methyl-3- 
oxoquinoxaline-2-carboxylate gives 3,4-dihydro-2-hydroxy-4-methyl-3-oxoquinoxaline in 
50% yield and no N-oxide. Landquist * has also described the formation of compound 
(IV) from 3,4-dihydro-4-methyl-3-oxoquinoxaline with peracetic acid. A mechanism has 
not yet been proposed for these oxidations. When the >NH groups of the quinoxaline 
compounds (Ib and c) were protected by acetylation, 4-acetyl-3,4-dihydro-3-oxoquin- 
oxaline-2-carboxy-N-methylanilide (I; R = Ac, R’ = Me) gave an N-oxide (50%) but 
3,4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-acetylanilide (I; R = Me, R’ = Ac) 
did not. Thus for N-oxide formation, the anilide-nitrogen atom must be alkylated, whilst 
the milder protection by acylation suffices for the heterocyclic nitrogen. This parallels the 
situation with the pyrazine compounds and indicates the greater sensitivity of the molecule 
to oxidation when the acyclic, rather than the cyclic, amide-nitrogen is not protected. 

This unusual oxidation has approximately the same, limited scope among similar 
heterocyclic systems as that reported for the acid-catalysed N-oxide rearrangement ? and 
the formation of 1,2-dihydro-compounds with sodium dithionite.’ For example, the 
corresponding pyridine- and quinoline-carboxyanilides were oxidised to N-oxides ! in high 
yield, and in the absence of the 3-oxo-substituent quinoxalinecarboxyanilides gave N- 
oxides normally. Quinoxaline-2-carboxy-anilide and -methylanilide yielded 1,4-dioxides 
with excess of peracetic acid and mono-oxides with one equivalent of this reagent; the 
structure of these mono-oxides is discussed below. Thus it was considered probable that 
these “ abnormal ” oxidations are controlled by the driving force invoked }5 for the above 
teactions—the marked electrophilicity of the 2-position of the quinoxaline, and to a smaller 
extent of the pyrazine. A reasonable mechanism is illustrated here for the peracetic acid 
oxidation of 3-hydroxyquinoxaline-2-carboxyanilide. The N-acetoxy-derivative (V), if 
hydrolysed, yields the N-oxide in the normal manner. However, alternative nucleophilic 
substitution of the quinoxaline ring can occur (cf. V) if Cy) is sufficiently electrophilic. 

® Clark-Lewis, J., 1957, 439. 

* Newbold and Spring, J., 1948, 519. 


* Landquist, J., 1953, 2830. 
5 Habib and Rees, preceding paper. 
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Elimination as shown in (VI) would then give the very unstable acetyl derivative ® (VII) 
which would be rapidly hydrolysed to 2,3-dihydroxyquinoxaline (III). 


Oo pion Olen” tee go “8 Jo 


>) 
pana Hac AcO (Vil) 
H (Vv) (VI) Aa 


The increasing importance of this nuclear substitution, relative to N-oxide formation, 
as Cy) becomes more electrophilic is clearly demonstrated by Landquist’s results.’ He 
showed that, under conditions where quinoxaline yields its di-N-oxide exclusively, 6- 
substituted quinoxalines yield less N-oxide and more of the corresponding 2,3-dihydroxy- 
compound as the substituent, which is conjugated with C;,, becomes more powerfully 
electron-withdrawing. 6-Nitroquinoxaline, for example, is oxidised to 2,3-dihydroxy-6- 
nitroquinoxaline in 60% yield, with only traces of N-oxides. Further support for this 
mechanism is provided by the susceptibility ® of the 1-oxide of (Id) to nucleophilic attack at 
Cg) by ethoxide ions: warm ethanolic sodium ethoxide rapidly converts this compound 
into methylaniline, formic acid, and the 1-oxide of (IV), the product of hydroxyl substitution 
at Cy. 3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-methylanilide 1-oxide is 
also somewhat unstable under the conditions of its preparation by the oxidation of (Id); 
the yields are never high and tarry by-products are formed. It was recovered in 66% 
yield, together with a red tar, after being heated with 10% peracetic acid for 24 hours at 
65°. Further, 3,4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxyanilide (Ic), under condi- 
tions where it is largely decomposed by hydrogen peroxide and acetic acid, is stable to 
neutral and alkaline hydrogen peroxide and to sodium hydroxide alone, that is, where no 
N-oxide is formed. This mechanism (e.g., V —» VI —» VII) also explains the difference 
in behaviour of the anilides (IIb) and (Ib) towards oxidation. The former gives the oxide 
in high yield, whilst the latter is hydroxylated at Cy) to give 2,3-dihydroxyquinoxaline 
(III) and no N-oxide. This accords with the greater electrophilicity of Cy) in the quin- 
oxaline ring, as previously demonstrated 5 for very similar compounds. 

Finally, the réle of the N-methyl groups in controlling the direction of oxidation of the 
quinoxaline compounds (I) requires comment. The obvious explanations are unsatis- 
factory, and the situation is complicated since the exact fate of the ejected carboxyanilide 
or methylanilide group is not known. Electron-release by the N-methyl groups would 
cause a slight reduction in the electrophilicity of Cy) and so could reduce the amount of 
“abnormal”’ oxidation, but the similar effect of the N-acetyl group in (I; R = Ac, 
R’ = Me) argues against this explanation. The unsubstituted >NH groups can hardly be 
considered as sites of initial oxidative degradation since many carboxyanilides and 3- 
hydroxypyrazine-2-carboxy-N-methylanilide (IIb) give N-oxides in high yield. An 
attractive explanation of the oxidation of the anilides (Ila and c) and (Ia and c) would 
be the elimination of the side chain, e.g., in (VI), as phenyl isocyanate: 


Se: fe — or 34 + Ph-'NCO + AcOH 
AE 


act 


* Cf. Heller, Buchwaldt, Fuchs, Kleinicke, and Kloss, J. prakt. Chem., 1925, 111, 1. 
? Landquist, J., 1953, 2816. 
® Usherwood and Whiteley, J., 1923, 123, 1069. 
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This must be discounted, however, since diphenylurea, separately shown to be the trans- 
formation product of phenyl] isocyanate under the reaction conditions, could not be detected 
in a typical oxidation of the anilide (Ic). 

The non-heterocyclic oxidation products, when isolated, were obtained as tars which 
were not characterised. The tars are probably the oxidation products of the anilines 
liberated during the reaction, possibly by decarboxylation of arylcarbamic acid formed 
by nucleophilic attack of the acyclic carboxyamide group. 

Since attempts to prepare the oxides of the quinoxaline amides (Ia, b, and c) were 
not successful, it is not known whether they would undergo the same rearrangement in 
sulphuric acid as that of the amide (Id). 4-Acetyl-3,4-dihydro-3-oxoquinoxaline-2-carboxy- 
N-methylanilide 1-oxide (VIII), however, did rearrange analogously, to give some 4-acetyl- 
3,4-dihydro-2-(o-methylaminopheny]l)-3-oxoquinoxaline (IX; R= Ac) but largely the 
wer product, ae nina ley CO a ae (IX; R= H). 
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The two mono-oxides of quinoxaline-2-carboxy-N-methylanilide (X) have been pre- 
pared and characterised as follows. Oxidation with one mol. of peracetic acid gave one 
mono-oxide, m. p. 150°, which was readily deoxygenated with cold phosphorus trichloride 
to (X). Oxidation with an excess of peracetic acid gave the dioxide (XIII) which on 
reduction gave a second mono-oxide, m. p. 198—199°, which resisted deoxygenation 
by cold phosphorus trichloride. The former oxide, which is more readily formed and 
more readily reduced, is assigned the 4-oxide structure (XI) where steric compression in 
the transition states for both reactions will be considerably less than for reaction at Ny). 
Here the bulky ortho-substituent hinders both direct oxidation to the l-oxide (XII), and 
reduction of this oxide. Quinoxaline-2-carboxyanilide was similarly oxidised to the 
di-N-oxide, which was reduced to the l-oxide with cold phosphorus trichloride. 


EXPERIMENTAL 


Anilides.—The preparations of 3-hydroxy- 1! (Ia) and 3,4-dihydro-4-methyl-3-oxo-quinoxaline- 
2-carboxyanilide ? (Ic) and 3,4-dihydro-4-methy]l-3-oxoquinoxaline-2-carboxy-N-methylanilide 4 
(Id) have been described. 

3-Hydroxyquinoxaline-2-carboxy-N-methylanilide (Ib).—3-Hydroxyquinoxaline-2-carboxylic 
acid chloride, from the acid 4 (3-0 g.) and thionyl chloride, was suspended in benzene, and a 
solution of methylaniline (10 ml.) in benzene (15 ml.) was slowly added. The mixture was 
washed with 2n-hydrochloric acid (2 x 100 ml.) to yield a pink solid which crystallised from 


. ethanol aay ins as pale yellow needles of 3-hydroxyquinoxaline-2-carboxy-N-methylanilide 


(3-1 g., 71%), m. p. 242° (Found: C, 68-8; H, 5-0; N, 15-1. C,,H,,;0,N, requires C, 68-8; 
H, 4-7; N, 15 05%). 

4-A cetyl-3,4-dihydro-3-oxoquinoxaline- 2. -carboxy-N-methylanilide (I; R= Ac, R’ = Me).— 
A mixture of 3-hydroxyquinoxaline-2-carboxy-N-methylanilide (0-5 g.) and acetyl chloride 
(5 ml.) was heated under efficient reflux for 24 hr. The excess of acetyl chloride was distilled 
and the residue crystallised from ethanol as colourless needles of the acetyl derivative (0-5 g., 
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86%), m. p. 216° (Found: C, 67-6; H, 4-5; N, 12-8. (C,,H,,O,N, requires C, 67-3; H, 4-7; 
N, 13-1%). 

4-Acetyl-3,4-dihydro-3-oxoquinoxaline-2-carboxy-N-methylantlide 1-Oxide (VIII).—A mixture 
of the acetyl derivative (1-2 g.), acetic acid (6 ml.) and 30% hydrogen peroxide (1-2 ml.) was 
heated at 55° and two further quantities of hydrogen peroxide (0-6 ml.) were added after 20 and 
40 hr. After 60 hours’ heating in all, the acetic acid was removed under reduced pressure 
and the residual gum extracted with ethanol. The ethanolic solution, on concentration and 
dilution with water, gave a pale yellow precipitate which crystallised from benzene—chloroform 
as cubes of 4-acetyl-3,4-dihydro-3-oxoquinoxaline-2-carboxy-N-methylanilide 1-oxide (0-6 g., 47%), 
m. p. 216—217° (Found: C, 63-8; H, 4-4. (C,,H,,O,N, requires C, 64:1; H, 45%). The 
mixed m. p. with starting material was depressed by 20°. 

3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxy-N-acetylanilide (I; R= Me, R’ = Ac).— 
3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxyanilide (0-5 g.) and acetic anhydride (5 ml.) 
were heated under reflux for 24 hr. On cooling, crystals separated and recrystallised from 
benzene and light petroleum (b. p. 60—80°) to give yellow needles of the acetyl derivative (0-4 g., 
69%), m. p. 254° (Found: N, 13-1. C,,H,,0O,N, requires N, 13-1%). Oxidation of this anilide 
with hydrogen peroxide and acetic acid at 55° for 72 hr. gave 3,4-dihydro-2-hydroxy-4-methyl- 
3-oxoquinoxaline (IV) (50%), m. p. 283—284°, alone and on admixture with an authentic 
sample (see below). The same product was obtained in 50% yield by a similar oxidation of 
ethyl 3,4-dihydro-4-methyl-3-oxoquinoxaline-2-carboxylate.! 

Attempted Preparation of the 1-Oxides of the Quinoxaline-anilides (Ia, b, and c).—The anilide 
(1-0 g.) was treated with the oxidising agent at the temperature and for the time shown in the 
Table. The products were isolated by removing volatile components under reduced pressure 


30% AcO,H (40% B,O,H (6% 
Time AcOH H,0, in AcOH) in CHCl,) 
Temp. (hr.) (ml.) (ml.) (ml.) (ml.) Products 


3-Hydroxyquinoxaline-2-carboxyanilide (Ia) 
48 Starting material 80% 
a 65% 


36 
28 
2 
60 
20 
100 0-3 


” 


” ” 


3-Hydroxyquinoxaline-2-carboxy-N-methylanilide (Ib) 

20 3 Starting material 70% 

43 1-5 ye » %% 

55 3° r » 80% 

40 { —— 2,3-Dihydroxyquinoxaline 50% 

40 , 3-5 Starting material and 2,3-dihydroxy- 
quinoxaline 

20 — Starting material 40% and dihydr- 
oxyquinoxaline 10% 

20 240 - — é 2,3-Dihydroxyquinoxaline and tar 

65 50 g -- - 2,3-Dihydroxyquinoxaline 75% 


3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxyanilide (Ic) 
20 48 4 — 4 — Starting material 100% 
40 72 10 2-5 - 3,4-Dihydro-2-hydroxy-4- 60% 
56 72 5 2 _ _ methyl-3-oxoquinoxaline 70% 
65 42 5 2 ~- --- 75% 
* Also 15 ml. of NMe,Ac. ° Also 6 ml. of MeOH. ¢ Also 10 ml. of Pr'OH. 


and were separated and purified by crystallisation. 2,3-Dihydroxyquinoxaline was identified 
by comparison of its infrared spectrum (in Nujol mull) with that of a sample, m. p. 360°, pre- 
pared by the condensation of o-phenylenediamine and ethyl oxalate. 3,4-Dihydro-2-hydroxy- 
4-methyl-3-oxoquinoxaline (IV) was identified by mixed m. p. and infrared comparison with 
an authentic sample,® m. p. 286—288°. The latter compound was also prepared in low yield 
by monomethylation of 2,3-dihydroxyquinoxaline (below). 


® Cheeseman, /]., 1955, 1804. 
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Further Oxidations with Peracetic acid.—The following results were obtained on heating 
the compounds with 10% peracetic acid in acetic acid at 65° for 24 hr. 2,3-Dihydroxyquin- 
oxaline (III) was recovered almost quantitatively. 3,4-Dihydro-4-methyl-3-oxoquinoxaline- 
2-carboxy-N-methylanilide l-oxide was recovered in 66% yield, the residue being a tar. Phenyl 
isocyanate was converted, almost quantitatively, into diphenylurea, m. p. 240°. 3,4-Dihydro- 
4-methyl-3-oxoquinoxaline-2-carboxyanilide (Ic) was converted into 3,4-dihydro-2-hydroxy-4- 
methy]-3-oxoquinoxaline (IV), m. p. 286—287°, in high yield [no diphenylurea was detected 
in this product; the presence of diphenylurea in prepared mixtures with (IV) was readily 
detected by m. p. behaviour]. 3-Hydroxyquinoxaline-2-carboxyanilide (Ia) was converted 
into 2,3-dihydroxyquinoxaline and a tar. 

Further Reactions of 3,4-Dihydro-4-methyl-3-oxoquinoxaline-2-carboxyanilide (Ic).—This 
anilide was treated severally with excess of 10% aqueous hydrogen peroxide, 10% hydrogen 
peroxide in 2N-sodium hydroxide, and 2N-sodium hydroxide at 65° for 24 hr. and was recovered 
in each experiment in >90% yield. 

3,4-Dihydro-2-hydroxy-4-methyl-3-oxoquinoxaline (IV).—2,3-Dihydroxyquinoxaline (3 g.), 
dimethyl sulphate (1 ml.) and 2N-sodium hydroxide (75 ml.) were shaken together at room 
temperature for 2 hr. The solid precipitated on acidification was collected, dried at 100°, and 
extracted with dry acetone (100 ml.). The acetone was removed and the residue, largely 
starting material, was dissolved in the minimum volume of hot acetic acid. On cooling, 2,3- 
dihydroxyquinoxaline crystallised, and the mother-liquor yielded the monomethylated product 
on addition of water. This crystallised from dilute acetic acid as colourless needles, m. p. 
286—288° (12%, after allowance for recovered starting material). Cheeseman ® reports m. p. 
286—287° for this compound. 

Rearrangement of 4-Acetyl-3,4-dihydro-3-oxoquinoxaline-2-carboxy-N-methylanilide 1-Oxide 
(VIII) in Sulphuric Acid.—The oxide was added portionwise with stirring to concentrated 
sulphuric acid (2 ml.), and the mixture left at room temperature for 20 min. and then poured 
on ice (5 g.) and filtered. The filtrate, on neutralisation with aqueous sodium hydroxide, gave 
an orange precipitate which was collected, dried, and extracted with benzene. The residue 
was crystallised from a large volume of benzene as yellow needles of 4-acetyl-3, 4-dihydro-2- 
(o-methylaminophenyl)-3-oxoquinoxaline (0-02 g., 11%), m. p. 204—205° (Found: C, 69-5; 
H, 5-9. C,,H,,0,N, requires C, 69-6; H,5-15%). The original benzene extract was evaporated 
and the residue crystallised from aqueous dimethylformamide as orange needles of 3-hydroxy- 
2-(0-methylaminophenyl)quinoxaline (0-102 g., 73%), m. p. 221—222° (Found: C, 71-3; H, 5-1. 
C,,H,,ON, requires C, 71-7; H, 5-2%). The last compound was methylated with dimethyl 
sulphate in the usual manner to give 3,4-dihydro-4-methyl-2-(0-methylaminopheny]l)-3-oxo- 
quinoxaline, m. p. 130°, alone and on admixture with an authentic specimen.? 

Quinoxaline-2-carboxyanilide 1,4-Dioxide.—Quinoxaline-2-carboxyanilide (1 g.), acetic 
acid (2 ml.), and 40% peracetic acid (5 + 2 ml.) were treated as described for the oxide (VIII) 
above, to yield a gum which solidified on trituration with ethanol. The yellow di-N-oxide 
crystallised from dimethylformamide as leaflets (0-67 g., 60%), m. p. 211° (Found: C, 63-65; 
H, 3:7. C,;H,,O,N; requires C, 64:05; H, 3-9%). 

Quinoxaline-2-carboxyanilide 1-Oxide.—To quinoxaline-2-carboxyanilide-1,4-dioxide (0-2 g.) 
in chloroform (2 ml.), phosphorus trichloride (0-4 ml.) was added and the mixture left at room 
temperature overnight and then poured on ice (10 g.). Aqueous sodium hydroxide was added 
in slight excess, the chloroform removed, and the yellow solid which separated crystallised 
from ethanol to give needles of quinoxaline-2-carboxyanilide 1-oxide (0-15 g., 79%), m. p. 159° 
(Found: C, 67-7; H, 4-3; N, 15-65. C,,H,,O,N, requires C, 67-9; H, 4-2; N, 15-8%). 

Quinoxaline-2-carboxy-N-methylanilide (X) and its l-oxide (XII) and 1,4-dioxide (XIII) 
were prepared as before.* 

Quinoxaline- -2-carboxy-N-methylanilide 4-Oxide (XI).—A mixture of quinoxaline-2-carboxy- 
N-methylanilide (0-8 g.), acetic acid (2-5 ml.), and 30% peracetic acid (1-27 ml., 1 equiv.) was 
heated at 55° for 16 hr. and then evaporated under reduced pressure. The residue of 4-oxide 
crystallised from ethanol as light yellow needles (0-55 g., 65%), m. p. 150° (Found: C, 68-5; 
H, 4-8; N, 15-3. C,,H,,0,N, requires C, 68-8; H, 4-7; N, 15-05%). 

Reaction of Quinoxaline-2-carboxy-N-methylanilide Mono-oxides with Phosphorus Trichloride.— 
The 4-oxide (XI) (0-2 g.), chloroform (2 ml.), and phosphorus trichloride (0-4 ml.) were left 
together at room temperature for 16 hr. and then poured on ice. Excess of aqueous sodium 

1 Maurer and Boettger, Ber., 1938, 71, 1383. 
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hydroxide was added and the chloroform removed. Quinoxaline-2-carboxy-N-methylanilide 
which separated on cooling crystallised from aqueous ethanol as needles (0-14 g., 80%), m 
and mixed m. p. 124°. The 1-oxide (XII), treated identically, was unchanged. 


We are grateful to Messrs. Laporte Chemicals Ltd. for a generous supply of peracetic acid, 
and to Professor D. H. Hey, F.R.S., for his interest and encouragement. 


Kinc’s CoLLEGE, UNIVERSITY OF LONDON, 
STRAND, Lonpon, W.C.2. (Received, October 13th, 1959.) 


677. The Action of Ammonia on Methyl 2,3-Anhydro-4,6-O- 
Benzylidene-«-D-Guloside and -Taloside. 


By J. G. BucHANAN and K. J. MILLER. 


With aqueous ammonia methyl 2,3-anhydro-4,6-O-benzylidene-«-p- 
guloside and -taloside give predominantly products of the idose configur- 
ation. 


METHYL 2,3-ANHYDRO-4,6-O-BENZYLIDENE-«-D-GULOSIDE (IV) and -a-D-taloside (VI) 
were first adequately characterised by Sorkin and Reichstein,' who prepared them from the 
corresponding monotoluene-p-sulphonates (III) and (V). Reber and Reichstein ? found 
that treatment of the ditoluene-f-sulphonate (VII) with sodium methoxide gave a mixture 
of anhydroguloside (IV) and anhydrotaloside (VI), correcting the earlier statement ! that 
the anhydroguloside (IV) was the sole product of this reaction. The behaviour of the 
disulphonate (VII) is in contrast to that of the corresponding glucose compound (I) from 
which only one anhydro-compound, the anhydroalloside (II), is formed.® 


O-CH, JO-CH, O-CH, O-CH, 
PhCH ° PhCH ° Ph-CH ° Ph-CH ° 
OTs pia OTs ae 
oO OMe re) OMe OMe OMe 
OTs 
(I) (U1) (11) (IV) | 
m ee : sc goths -H, = JO-CH, 
A A PhCH A PhCH ° 
>> <— 
OH ° OT . 
OMe OMe * 1/ OMe Ae’ OMe 
OTs OTs OAc 
(V) (V1) (VII) (VIII) | 
op. - oan CH,*OH 
f 
PhCH Ph: of | re) si Pe) 
" H,OH aan HOH 
< 
NHAc OH OH 
(IX) (X) R= Ac (XII) (XIII) 
(XI) R= H 


In 1943, Myers and Robertson‘ described the reaction of “ 4,6-benzylidene-2,3- 
anhydro-«-methylguloside (or taloside)” with ammonia. The preparation of the initial 


1 Sorkin and Reichstein, Helv. Chien. Acta, 1945, 28, 1 

2 Reber and Reichstein, Helv. Chim. Acta, 1945, 28, 1164. 

% Robertson and Griffith, J., 1935, 1193; Richtmyer and Hudson, J. Amer. Chem. Soc., 1941, 63, 
1727. 
4 Myers and Robertson, J. Amer. Chem. Soc., 1943, 65, 8. 
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anhydro-compound was not published,*® and it seemed likely that it had been made 
from the galactoside disulphonate and was therefore a mixture of anhydro-guloside and 
-taloside. Such mixtures are highly crystalline} and we have found them not to be 
resolvable by recrystallisation. As part of another investigation® we had available 
authentic samples of each anhydro-compound and we have repeated Myers and Robertson’s 
work. 

Methyl 2,3-anhydro-4,6-O-benzylidene-«-D-guloside (IV) was treated with concen- 
trated aqueous ammonia at 120° for 48 hr. The product was converted into a diacetyl 
derivative, in 80% yield, having m. p. 185° and [a], +45-7°, clearly the ‘“ 3(or 2)-acetyl- 
4,6-benzylidene-2(or 3)acetamido-a-methylidoside ” of m. p. 188° and [a], +43-4° isolated 
by Myers and Robertson * as their major product. This could be a derivative either of 
3-amino-3-deoxygalactose or of 2-amino-2-deoxyidose. That it was the latter was shown 
by acid-hydrolysis followed by ninhydrin oxidation,’ which gave a pentose identified 
chromatographically as xylose. The diacetyl compound is therefore methyl 2-acetamido- 
3-0-acetyl-4,6-O-benzylidene-2-deoxy-«-D-idoside (VIII), giving 2-amino-2-deoxy-p-idose 
(XIII) and xylose (XII) on degradation. 

When the anhydrotaloside (VI) was treated similarly, a diacetyl derivative was isolated, 
in 73% yield, with m. p. 289—290° and [a],, +-84-4°, corresponding to Myers and Robertson’s 
“3(or 2)-acetyl-4,6-benzylidene-2(or 3)-acetamido-«-methyl galactoside,” m. p. 260°, 
(oJ, +70-3°. De-O-acetylation of this compound gave the N-acetyl derivative, m. p. 226°, 
(a, +47-7°. These constants differ from those of methyl N-acetyl-4,6-O-benzylidene-a-p- 
galactosaminide ® (IX), m. p. 243—245°, [aJ,, +149°, one of the possible products of this 
reaction. The ON-diacetyl compound is therefore methyl 3-acetamido-2-0-acetyl-4,6-0- 
benzylidene-3-deoxy-«-D-idoside (X), giving the monoacetyl compound (XI1I). 

The formation of idose derivatives by the reaction of both anhydro-sugars with ammonia 
agrees with other work on the action of hydroxide and methoxide ion on these compounds; ! 
it represents diaxial opening of the oxides® if the latter are considered to be in the 
“ Q-inside ”’ conformation.1° Since we have not isolated any galactoside isomers, it is 
probable that Myers and Robertson were dealing with a mixture of anhydro-sugars. 

When this work was nearing completion, we heard from Dr. R. W. Jeanloz that he also 
had re-investigated Myers and Robertson’s work and had reached the same conclusions. 
We thank him for informing us of his work before its publication. 


EXPERIMENTAL 


Infrared spectra were measured for KBr discs. 

Methyl 2-Acetamido-3-O-acetyl-4,6-O-benzylidene-2-deoxy-a-D-idoside (VIII).—Methyl 2,3- 
anhydro-4,6-O-benzylidene-«-p-guloside (0-4 g.) was heated with aqueous ammonia (d 0-88; 
10 c.c.) at 120° for 48 hr. The solution was evaporated to a syrup, which was dissolved in 
chloroform and dried (Na,SO,). The chloroform solution was evaporated and the residue 
treated with acetic anhydride (5 c.c.) in pyridine (10 c.c.) for 48 hr. Isolated by use of chloro- 
form the diacetyl compound (0-5 g., 80%) had m. p. 181°. After recrystallisation from ethanol 
it had m. p. 185°, [aJ,,* +45-7° (c 1-06 in CHCI,) (Found: C, 59-4; H, 6-7. Calc. for C,,H,,0,N: 
C, 59-2; H, 63%), vmax 1739 (ester C=O) and 1656 cm.“ (amide C=O). 

Formation of Xylose by Ninhydrin Oxidation.—The above compound (5 mg.) was heated 
with n-hydrochloric acid (0-5 c.c.) in a sealed tube at 100° for 48 hr. After evaporation the 
residue was treated with ninhydrin in aqueous pyridine? at 100° for 30 min., and the product 
chromatographed on Whatman No. 4 paper in butan-l-ol-ethanol-water (4: 1:1 v/v). After 
ae 5 Robertson, Myers, and Tetlow, Nature, 1938, 142, 1076; Robertson and Myers, Nature, 1939, 143, 
* Buchanan, J., 1958, 995. 

* Stoffyn and Jeanloz, Arch. Biochem. Biophys., 1954, 52, 373. 
§ Stoffyn and Jeanloz, J. Amer. Chem. Soc., 1954, 76, 561. 

® Newth, Quart. Rev., 1959, 18, 30. 

1° Mills, Adv. Carbohydrate Chem., 1955, 10, 43. 
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spraying with aniline phthalate," a single pentose spot Of Rpinos, 0-86 appeared. On the same 
chromatogram known pentoses had the following Rpipose values: xylose, 0-86; lyxose (from 
ninhydrin oxidation of galactosamine, 0-96; arabinose, 0-77. 

Methyl 3-Acetamido-2-O-acetyl-4,6-O-benzylidene-3-deoxy-a-D-idoside (X).—The anhydro- 
taloside (VI) (0-4 g.) was heated with ammonia (d 0-88; 10c.c.) at 120° for 48 hr. The solution 
was evaporated to a white solid (0-4 g.; m. p. 137—138°) which with pyridine (10 c.c.) and 
acetic anhydride (2 c.c.) (48 hr. at room temperature) gave the diacetyl derivative (0-4 g., 
73%), m. p. 282—284° (decomp.) Recrystallised from ethanol it had m. p. 289—290° (decomp.), 
[ai),,2* +84-4° (c 1-25 in CHCl,) (Found: C, 58-9; H, 6-4. Calc. for C,,H,,0,N: C, 59-2; 
H, 63%), Vmax. 1740 (ester C=O) and 1670 cm. (amide C=O). 

Methyl 3-Acetamido-4,6-O-benzylidene-3-deoxy-a-D-idoside (XI).—The preceding diacetyl 
compound (0-2 g.) was left in methanol (20 c.c.) containing sodium methoxide (from 0-02 g. of 
sodium) for 24 hr. at room temperature. Some diacetyl compound remained undissolved and 
the mixture was warmed to give a clear solution and left for a further 20 hr. at room temperature, 
The N-acetyl compound, which had crystallised, was filtered off [needles (0-12 g., 67%), m. p. 
220°). Recrystallised from ethanol it had m. p. 226°, {a],,2* +47-0° (c 0-98 in CHCI,) (Found: 
C, 59-0; H, 6-5. C,,H,,O,N requires C, 59-5; H, 65%), vmax, 1628 cm. (amide C=O) (shoulder 
at 1648 cm."!) but no ester-carbonyl band. 


We thank Professor J. Baddiley for his interest. 


Kinc’s COLLEGE, UNIVERSITY OF DURHAM, 
NEWCASTLE UPON TYNE, lI. [Received, February 1st, 1960.] 


11 Partridge, Nature, 1949, 164, 443. 





678. Polypurines. Part I. Some Symmetrical «aw-Di-9-purinyl- 
ethanes and -hexanes. 


By J. H. Lister. 
The preparation is described of like pairs of 6-substituted purines and 


8-aza-purines linked together at the 9-position with di- and hexa-methylene 
chains. The two routes followed allow the synthesis of a wide range of 
6-substituted bis-purines. 


OnE aspect of the chemotherapeutic attack on malignant growth is the search for a means 
of interrupting the production of certain nucleic acids which may be characteristic for the 
tumour cell. The Watson—Crick hypothesis for DNA postulates a twin helical structure 
in which certain of the purine and pyrimidine bases in each helix are cross-linked by 
hydrogen bonds. These bonds will be momentarily broken at the time of replication and 
it has been suggested 4 that one possible means of stopping further replication “‘ might be 
to use synthetic polymers with the object of blocking the . . . polynucleotide chains by 
attachment either through covalent or hydrogen bonds, so as to prevent polynucleotide 
synthesis on the . . . template.” In the study reported here, which is part of a group 
programme carried out by Timmis and his co-workers,” this working hypothesis has been 
elaborated by supposing that purines and pyrimidines, similar to those occurring naturally, 
joined in linear fashion might be effective for this purpose. Therefore, as a step towards 
the synthesis of larger units the preparation of derivatives comprising two like purine 
molecules linked at the 9-position with polymethylene chains has been carried out. The 
choice of the 9-position, for the di- and hexa-methylene bridges, was made so as to conform 
structurally with the naturally occurring nucleotides. So far few di-purinyl derivatives 
of this kind have been reported. Taylor*® and his co-workers have prepared the di-2- 
adeninyl-methane and -butane analogues, and Rose‘ a di-(6-dimethylamino-8-aza-9- 
purinyl)hexane. 
1 Todd, First Jephcott Lecture, Brit. Med. J., 1959, ii, p. 521. 
2 Lister, Leese, and Timmis, British Empire Cancer Campaign Annual Report, 1958, 36, p. 10. 


% Taylor, Vogel, and Cheng, J. Amer. Chem. Soc., 1959, 81, 2442. 
* Rose, J., 1954, 4116. 
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The purines (I) were prepared from 4,6-dichloro-5-nitropyrimidine by either of two 
routes, the choice of which was governed by the group required in the 6-position. For 
the adenine and hypoxanthine derivatives the dichloronitropyrimidine was monoaminated, 
then condensed with the appropriate diamine. The bisnitropyrimidines (II) so formed 


NH-[CH,],,-HN 


oe, 1 es ms a > 


Ler, NH-[CH)],,“HN 


ae Nn "S au “ey 


av Leng, N NH-[CH3],-HN 


(V) 


were reduced catalytically and cyclised to the bisadenines (I; » = 2 and 6, R = NH,) 
with formamide and hydrochloric acid. Alkaline digestion of the purines was then made 
to remove any of the isomeric 6-adeninylalkanes (III) formed. 

Conversion of the adenine into the hypoxanthine derivatives (I; » = 2 and 6, R = OH) 
involved treatment with warm nitrous acid. The corresponding 8-aza-adenines (IV; © 
n= 2 and 6, R = NH,) were obtained from the 4,5,6-triaminopyrimidines and cold 
nitrous acid and, like the adenine derivatives, were transformed by warm nitrous acid into 
the hypoxanthine analogues (IV; » = 2 and 6, R=OH). From ee ene 
amino-5-nitropyrimidine, these methods gave the 6-dimethylaminopurine (I; = 2, 
R = NMe,) and the azapurine (IV; » = 2, R = NMe,). 

The above route was convenient only for purines substituted at the 6-position with 
hydroxyl, primary amino-, and tertiary amino-groups; secondary amino-groups would 
have given rise to mixed products on ring closure. As the 6-secondary amino-purines were 
required this necessitated having the appropriate 6-chloropurine intermediates. Whilst 
it is possible that the hypoxanthines described above could have been converted into the 
required chloropurines the following simpler route to these compounds was used. 

Reduction of 4,6-dichloro-5-nitropyrimidine with hydrogen and Raney nickel was 
found to be preferable to the method ® using alkaline ferrous sulphate. The resulting 
5-aminopyrimidine was condensed with hexamethylenediamine, giving the bispyrimidine 


Ultraviolet spectra (values in parentheses are for 10° ¢). 
pH 1 pH 13 


a ae A <— a ——— = 
Substance Amex. Amin. Amex. } 


(I; « = 2, R = NH,) 258(24-6) 232(6-07) 258(21-0) 230(4-74) 
(I; » = 2, R = NMe,) 267(29-2) 233(3-86) 272(27-8) 237(3-51) 
(I; « = 6, R = H) 264(11-3) 232(3-2) 265(14-5) 223(2-3) 
9-Methylpurine 7 262(5-5) ~232(~1-9) ¢ 264(7-9) <230(~1-6) ® 
(IV; » = 2, R = NMe,) 268(16-5) 236(4-08) 294(12-1) 241(2-47) 

« In water at pH 0. ° In water at pH 8-5. 





(V) which was then cyclised with acetic anhydride-ethyl orthorformate to the chloropurine 
(I; »=6, R=Cl). With furfurylamine and dimethylamine this readily afforded the 
6-amino-compounds, and the mercapto-derivative (I; = 6, R = SH) which was obtained 
on treatment with thiourea was readily S-methylated. Hydrolysis of the chloropurine 
with dilute mineral acid gave a product identical with the hypoxanthine (I; = 6, 
R = OH), as shown by analysis and infrared spectra. 


> Brown, J. Appl. Chem., 1954, 4, 72. 
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Attempts to prepare the parent bis-purine (I; » = 6, R = H) by catalytic hydro- 
genation of the chloropurine or by dethiolation of the mercaptopurine were not successful. 
However, catalytic dechlorination of the diamine (V) was smooth, and ring closure of the 
product with acetic anhydride-ethyl orthoformate gave the purine. 

Comparison of the ultraviolet absorption spectra of some of the bispurines (Table) 
with those of corresponding simple 9-substituted purines * reveals little change in the wave- 
lengths at which maximum absorption occurs, but a general raising of the extinction 
values, in some cases to nearly double, shows the additive effect of the two bases. 


EXPERIMENTAL 


Analyses are by Mr. P. R. W. Baker, Wellcome Research Laboratories, Beckenham. 

The following examples illustrate the general procedure (see Tables 1—3). 

1,6-Di-(4-amino-5-nitro-6-pyrimidinylamino)hexane  (I1).—4-Amino-6-chloro-5-nitro- 
pyrimidine (7 g.) in dioxan (15 ml.) was added in one portion to heibaeaiigtalotinieies (2-5 g.) 


TABLE 1. aw-Di-(6-pyrimidinylamine)alkanes (II and V). 


Found (%) Required (%) Yield 

M. p. Solvent os @ Formula ca 2S & 

>350° 2n-HCl 32-2 32-3 37-6 86 
195—197 Bu®OH 42-9 42-9 35-7 78 
262—-263 H-CO-NMe, 43-1 42-9 35:7 90 
142—144 Bu"OH 49-4 ',0,.4Bu0H 48-9 30-0 — 

290 * 2n-HCl 28-6 ‘ 4HCl 28-5 33-2 62 
205—206 H,O 50-4 50-6 42-2 76 
234—236 HCl-NaOH 50-1 50-6 42-2 91 
226—228 EtOH 55-2 55-6 37-1 38 
230—232 Aq.EtOH 465-5 45-3 — 


* Cl: Found, 18-4. Required, 19-1%. * With decomp. 


4-Subst. 5-Subst. 
NH, 

NMe, 

NH, 

NMe, * 

NH, 

NMe, 

NH, 

H 
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TABLE 2. aw-Di-(9-purinyl)alkanes (I). 


Found (%) Required (%) 
6-Subst. M. p. Solvent Cc H N Formula ae 

H 144—146° COMe, 34-2 => 6 
NH, 254—255* H-CO-NH, 39-8 

NMe, 226—227 EtOH 34-7 

NH-C,H,O 6 163—165 EtOH 27-3 

OH 295 * H,O 32-6 

SH * 330—334* NaOH-AcOH 28-9 C,.H,,N,S, 
SMe 5 «6151-153 - MeOH 27-3 CygH2.N,S, 
cl® 167—170 Aq.MeOH 28-5 C,,.H,,Cl,N, 
NH, 2 > 350 NH,OH-HCl 47-1 CysHy.Nio 
NMe, 2 226—227 EtOH 39-4 CigHooNio 54- 5 
OH > 350 Aq.AcOH 35-1 C,.H,)N,0,,H,O 45-6 3. 8 35° 4d 


* S: Found 16-0. Required 16-6%. *® Cl: Found 17-°9%. Required 18-1%. * With decomp. 
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TABLE 3. aw-Di-(8-aza-9-purinyl)alkanes (IV). 


Found (%) Required (%o) Yield 

6-Subst. M. p. Solvent Cc aon = Cc H 

NH, 318—320* H,O-AcOH 46-9 6 

OH 256—258 H,O 46-8 9- 
0 


46-2 _ 47-4 
‘1 39-0 
NMe, ¢ 183—184 BuOOH 52:7 6-7 40-05 
‘5 55-7 
47-2 
47-8 


F 

C,,Hys 

e ‘H, NiO, 47-2 
CigHogNis 52-7 
CyoHipNistH,O 39-7 
CoH Nye 40-0 
CygHygNj2 47-4 


4 
3 
4 
NH, >350 HCl-NaOH 39-6 5 


OH 343 * Aq.H-CO-NH, 39-7 
NM, 291292 n-C,H,,OH 47-6 


* With decomp. 
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3- 
2- 
5- 
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and triethylamine (7 g.) in dioxan (20 ml.). Immediate precipitation occurred and the mixture 
was stirred for 30 min., then water (80 ml.) was added and the product filtered off (8-6 g.). 
Recrystallisation from dimethylformamide gave the bisnitropyrimidine. 


* Lister and Timmis, J., 1960, 327. 





[1960] Lister: Polypurines. Part I. 3397 


1,6-Di-(4,5-diamino-6-pyrimidinylamino)hexane.—The above nitropyrimidine (13-6 g.) in 
gn-hydrochloric acid (200 ml.) was hydrogenated to completion over 5% palladium-charcoal 
(8g-), with heating by an infrared lamp. After removal of the catalyst the solution was basified 
with ammonia solution (d 0-88) and cooled, giving the bistriamine as a cream crystalline 
precipitate (10-5 g.). 

1,6-Di-9’-adeninylhexane (I; n = 6, R = H).—A suspension of the triamine (3-4 g.) in 
formamide (20 ml.) and hydrochloric acid (d 1-16; 5 ml.) was heated at 175° for 30 min. A 
crystalline precipitate was formed on cooling and this was washed with 2n-sodium hydroxide 
(10 ml.) to remove the 6-isomer. The product (3 g.), 1,6-di-9’-adeninylhexane, was obtained 
as a microcrystalline solid from formamide. 

1,6-Di-9’-hypoxanthinylhexane (I; n = 6, R = OH).—(a) A solution of the diadeninylhexane 
(0-5 g.) in water (20 ml.) and sulphuric acid (d 1-84, 1-5 ml.) was heated to 50° and sodium 
nitrite (2 g.) in water (5 ml.) added dropwise. The solution was boiled for 5 min., cooled, and 
brought to pH 4 with 2N-ammonia. The precipitate was crystallised (carbon) from water, 
giving the bishypoxanthine (0-35 g.) as a cream powder. (6) 1,6-Di-(6-chloropurinyl)hexane 
(0-25 g.) was boiled with 0-2n-hydrochloric acid (15 ml.) for 2 hr., then evaporated to dryness. 
The residue was taken up in N-sodium hydroxide (7 ml.) and reprecipitated with acetic acid. 
The product (0-11 g.), on recrystallisation from water, was identical with that obtained by the 
other method. 

1,6-Di-(5-amino-4-chloro-6-pyrimidinylamino)hexane (V).—5-Amino-4,6-dichloropyrimidine 
(6-6 g.) in dioxan (75 ml.) containing triethylamine (8 ml.) was heated under reflux for 22 hr. 
with hexamethylenediamine (3-4 g.). Removal of the solvent and trituration of the residue 
with a little water gave the crude bispyrimidine (3-5 g.) which crystallised when its ethanolic 
solution was treated with water. 

1,6-Di-(5-amino-4-pyrimidinylamino) hexane.—A solution of the preceding chloropyrimidine 
(1-45 g.) in ethanol (150 ml.) was hydrogenated over 5% palladium-charcoal (0-8 g.). The 
crude hydrochloride remaining after removal of catalyst and solvent was taken up in the 
minimum of water and treated with 10N-sodium hydroxide. There was a crystalline precipitate 
(0-45 g.) of the bisdiaminopyrimidine. Further recrystallisation was from ethanol. 

1,6-Di-(6-chloro-9-purinyl)hexane (1; » = 6, R = Cl).—The chlorodiamine (5-65 g.) was 
heated with ethyl orthoformate (50 g.) and acetic anhydride (38 g.) for 2 hr. The residue left 
on evaporation was taken up in methanol (25 ml.), and hot water (170 ml.) was added, causing 
the bischloropurine to crystallise slowly. 

1,6-Di-(6-mercapto-9-purinyl)hexane (I; » = 6, R = SH).—The bischloropurine (1 g.) in 
ethanol (20 ml.) and thiourea (0-38 g.) were heated under reflux for 90 min. The residue, after 
removal of solvent, was taken up in 2N-sodium hydroxide (8 ml.) and reprecipitated with 
acetic acid (0-78 g.). The bisthiopurine was purified by further reprecipitations. 

Methylation was carried out in N-alkali at 10° with dimethyl sulphate. The bismethyl- 
thiopurine (I; » = 6, R = SMe) which separated crystallised from aqueous methanol. 

1,6-Di-(6-furfurylamino-9-purinyl) hexane (I; » = 6, R = NH-C,H,O).—The bischloropurine 
(0-5 g.) was suspended in water (10 ml.) and heated with furfurylamine (0-6 g.) for 1 hr. On 
cooling, the furfurylaminopurine (0-5 g.) was filtered off and crystallised from ethanol. 

1,2-Di-(6-dimethylamino-8-aza-9-purinyljethane (IV; n = 2, R = NMe,).—1,6-Di-(5-amino- 
4-dimethylamino-6-pyrimidinylamino)ethane (0-25 g.) in acetic acid (1 ml.) and water (2 ml.) 
was treated dropwise with sodium nitrite (0-1 g.) in water (1 ml.). The precipitated solid on 
crystallisation from pentyl alcohol gave the bis-8-azapurine (0-22 g.) as yellow needles. 
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of the National Institutes of Health, U.S. Public Health Service for grants to this Institute. 
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679. Radiation Chemistry of Carbohydrates. Part V.* The Effect of 
Ultraviolet Light on Aqueous Solutions of D-Glucose in Oxygen. 


By G. O. Putuips and G. J. Moony. 


p-Glucose is degraded when irradiated in aqueous solution with ultraviolet 
light. The main products, revealed by paper chromatography and estimated 
quantitatively by isotope dilution analysis, are arabinose, three- and two- 
carbon aldehydic fragments, formaldehyde, formic acid, carbon dioxide, 
and possibly glucosone. The degradation is examined by measuring the 
changes in acidity, optical rotation, and ultraviolet absorption spectra. 
The rates of formation of the main products with dose were measured. 
Hydrogen peroxide is formed continuously, and there is evidence for a post- 
irradiation process. 

The nature of the products and the quantitative measurements indicate 
that the degradation by ultraviolet light is different from the changes induced 
by gamma-radiation under comparable conditions. 


THE numerous investigations of the effect of ultraviolet light on carbohydrate solutions 
have provided little information about the chemical changes induced. Attention has been 
focused mainly on the behaviour of photosensitisers,)? the formation of acid,)*4 of 
hydrogen,**5 and of carbon dioxide,*+*®? changes in optical rotation,® and the influence 
of air.2® Holtz® observed that monosaccharides on irradiation give compounds with 
strongly negative oxidation—reduction potentials and absorption maxima at 265—290 mu. 
More recently Laurent !° noticed similar changes, and demonstrated, by using glass filters, 
that the most active part of the light is below 280 my. Whelan and Peat ™ have shown 
that when dilute aqueous solutions of amylose, maltose, and glucose are exposed to ultra- 
violet light there is complete conversion into carbon dioxide, and that the process is 
accelerated in the presence of zinc oxide. Later, several other products were identified by 
paper chromatography.” 

Previously we studied the action of ionising radiations on D-glucose solutions and 
elucidated the degradation pattern by identifying the products.* This study is now 
extended to ultraviolet light: our results indicate important differences between the two. 


RESULTS 


Irradiation.—Glucose solutions (500 ml.) were irradiated in quartz flasks with unfiltered 
light from a Hanovia 220 w lamp which had strong emission lines at 256, 296, 305, 315, and 
370 mu, the lamp being 1 cm. from the quartz flask in a reproducible position. The light was 
roughly collimated by means of a polished aluminium cylinder. There was no fluctuation in 
the lamp output as measured with a potassium ferrioxalate actinometer. A fine stream of 
purified oxygen was passed continuously through the solutions during irradiation, and loss by 
evaporation was prevented by a reflux condenser. 

Chromatographic Separation of Irradiation Products.—The constituents present in irradiated 
p-glucose solutions were separated by the methods described previously.'* A solution (500 ml.) 


* Part IV, J., 1960, 762. 


Neuberg, Biochem. Z., 1912, 39, 158. 

Palit and Dhar, J. Phys. Chem., 1928, 32, 1263. 

Euler and Lindberg, Biochem. Z., 1912, 39, 410. 
Bernoulli and Cantieni, Helv. Chim. Acta, 1932, 15, 119. 
Bethollet and Gaudechon, Compt. rend., 1913, 156, 707. 
Bierry, Henri, and Ranc, Compt. rend., 1910, 151, 316. 
Bierry and Ranc, Bull. Soc. chim. France, 1929, 35, 771. 
Dillman, J. Lab. Clin. Med., 1931, 17, 236. 

Holtz, Arch. Exp. Path. Pharmak., 1936, 182, 141. 
Laurent, J. Amer. Chem. Soc., 1956, 78, 1875. 

Whelan and Peat, Symp. J. Soc. Dyers Colourists, 1949, 65, 748. 
Evans, Ph.D. Thesis, Wales, 1951. 

Phillips, Moody, and Mattok, J., 1958, 3522. 
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of p-[C]glucose (27-7 millimoles with specific activity 1-22 uc/millimole) was irradiated for 
171 hr. The temperature of the solution rose to 38° after about 1 hr., and thereafter remained 
constant. The irradiated solution was chromatographed in butan-1-ol-ethanol—water (4: 1: 5), 
and spraying with p-anisidine revealed five spots: pink, Ry 0-02; brown, Rp 0-09; pink, Rp 
0-12; pink, Rp 0-15, and pink, Ry 0-18. Only two of these constituents were readily identified, 
namely, Ry 0-09, glucose, and Ry 0-12, arabinose. In butan-l-ol—acetic acid—water (4:1: 5) 
a similar pattern was observed: pink, Rp 0-1—0-14; brown, R» 0-18, glucose; pink, Rp 0-22, 
arabinose; pink, Ry 0-25; and pink, Ry 0-29. In addition, streaking was observed on all the 
chromatograms. 

Volatile Acid.—Formic acid was detected as follows. The distillate from the irradiated 
solution obtained under reduced pressure (<35°) was frozen in liquid air, and concentrated 





Fic. 1. Rate of formation of products 
during irradiation of aqueous D- 
glucose solutions with ultraviolet 
light. 

A, p-Glucose ( x 10-*), Ry 0-09, brown. 

B, v-Avabinose, Ry 0-12, pink. 

C, Product of Ry 0-02, pink. 

D, Product of Ry 0-15, pink. 

E, Product of Rp 0-18, pink. 
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Fic.2. Rate of formation of acid during irradiation 
of aqueous D-glucose. 


A,0-55 x 10°°m; B,2-5 x 10°°m; C,5-5 x 10-8. 
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ammonia solution was added. The water and excess of ammonia were removed by a further 
distillation under reduced pressure, and the white solid remaining was dissolved in water (0-2 ml.). 
This solution was chromatographed in ethanol-ammonia (d 0-88) (100: 1) for 8 hr. After 
drying, spraying with Bromocresol Green revealed one blue spot (Rp 0-4) on a yellow back- 
ground, corresponding to a control of ammonium formate. 

Rate of Formation of Products—Accurately known amounts (0-05 ml.) of aqueous 
p-["4C}glucose (27-7 millimoles with specific activity 1-22 uc/millimole in 500 ml.) which had been 
exposed to progressively increasing radiation doses were chromatographed in butan-1-ol-— 
ethanol—water, and the radioactivity of the spots was measured. There is a linear decrease in 
the glucose concentration with time of irradiation. The products increase in concentration 
for 100 hr. and thereafter there is a sharp fall. The results are shown in Fig. 1. Paper 
chromatography of the solution after irradiation for 160 hr. indicates that no detectable amounts 
of the products remain. During this period 0-65 g. of carbon dioxide was liberated. 


™ Kennedy and Barker, Analyt. Chem., 1951, 28, 1033. 
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Changes Produced by Irradiation.—Irradiation of glucose solutions in oxygen leads to a fall 
in pH. The amount of acid increases with time of irradiation and depends on glucose concen- 
tration within the range 5 x 10% to 5 x 10°m (Fig. 2). The amount of acid present decreases 
markedly after 140 hours’ irradiation. Paper chromatography after 45 hr. indicates the 
presence of similar degradation products at the three concentrations studied. 

During irradiation, carbon dioxide is evolved continuously, and the rate increases with time 
of irradiation; the amount of carbon dioxide formed depends on the glucose concentration 

Fig. 3). 
The optical rotation of the solution decreases steadily during irradiation, and the rate is 
slower at lower glucose concentrations (Fig. 4). 


Fic. 4. Change in optical rotation of aqueous p- 
Fic. 3. Rate of formation of carbon dioxide in glucose solutions during irradiation. 
irradiated D-glucose solutions. 
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Fic. 5. Ultraviolet absorption spectra of D-glucose 
solutions after irradiation with ultraviolet light. 


A, 5-5 x 10°° after 97 hr. 

B, 5-5 x 10°°m irradiated for 97 hr. with added 
KHCO,. 

C, Furfuraldehyde (3 x 10-'m). 

D, 2-5 x 10° after 97 hr. 

E, 2-5 x 10M irradiated for 97 hr. with Yadded 
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Irradiated neutral glucose solutions do not show an ultraviolet absorption maximum (Fig. 5). 
Addition of potassium hydrogen carbonate, however, to a solution (2-5 x 10m) which had 
been irradiated for 97 hr. leads to the appearance of an absorption maximum at 265 muy, also 
characteristic of glucose solutions irradiated with gamma-radiation. At lower concentrations 
(5 x 10%m), after similar treatment, this characteristic absorption is not detectable. It has 
been suggested * that under acidic conditions furfuraldehyde is present in the irradiated 
solution. The ultraviolet absorption spectrum of furfuraldehyde (3 x 10m) was measured; 
its maximum occurs at 278 my (e 14,800). Owing to its high extinction coefficient, small 
quantities present in the irradiated glucose solution could be easily detectable. It is improbable, 
therefore, that furfuraldehyde is present in irradiated glucose solutions in quantity. 
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Irradiated glucose solutions give a yellow colour with titanium sulphate reagent, indicating 
the presence of peroxides. The amount increases with time of irradiation and gradually 
decreases after the irradiation. This post-irradiation effect is greater at the higher glucose 
concentrations. 

There is evidence that after about 160 hours’ irradiation the solution is entirely free from 
organic solutes. The amounts of glucose and other products as measured on paper chromato- 
grams (Fig. 1) are negligible, the solution has zero optical rotation, and even at the highest 
glucose concentrations used, after 270 hours’ irradiation, addition of potassium hydrogen 
carbonate does not produce the characteristic absorption at 265 mu. 

Estimation of the Products by Isotope Dilution.—Isotope dilution was applied directly to 
the irradiated mixture. For this purpose an aqueous solution (500 ml.) of glucose (27-7 milli- 
moles) and specific activity 1-22 yuc/millimole was irradiated for 72 hr. in oxygen, and the 
individual products were estimated by applying the isotope dilution method directly to the 
untreated irradiated solution. 

p-Glucose.—(a) Penta-O-acetylglucose. The irradiated solution (20 ml.) was freeze-dried, 
treated with carrier glucose (1-9 millimoles), acetic anhydride (1-2 ml.), and sodium acetate 
(0-25 g.), and kept at 100° for 2 hr. The resulting penta-acetate, after ten recrystallisations 
from ethanol, had m. p. 135° and constant specific activity (0-28 uc/millimole). 

(b) Glucosazone. The irradiated solution (10 ml.) was boiled with phenylhydrazine (2 ml.), 
acetic acid (1-5 ml.), and carrier glucose (1-49 millimoles) for 30 min. The osazone was filtered 
off and after eight recrystallisations from ethanol had m. p. 201° and constant specific activity 
(0-207 zc/millimole). 

(c) D-Gluconic acid. The solution (5 ml.) was treated with carrier p-gluconolactone (0-97 
millimole) and excess of calcium carbonate and filtered after 3 days. The calcium gluconate 
was precipitated with ethanol and separated. Eight successive precipitations from solution 
gave the pure gluconate with constant specific activity (1-8 x 10° yc/millimole). 

(d) D-Glucuronic acid. The irradiated solution (10 ml.) was treated with carrier glucurone 
(0-82 millimole); the solid remaining after freeze-drying gave, on recrystallisation seven times 
from hot water, pure D-glucurone with m. p. 175° and constant specific activity of 2-7 x 10° 
pc/millimole. 

(e) D-Glucosaccharic acid. Saccharic acid carrier (0-42 millimole) was added to the 
irradiated solution (5 ml.). The solid remaining after freeze-drying and six recrystallisations 
from hot water had m. p. 125° and specific activity of 9 x 10™ uc/millimole. 

(f) p-Avabinose. The irradiated solution (20 ml.) with carrier arabinose (0-77 millimole) 
was boiled with phenylhydrazine (1 ml.) and acetic acid (0-5 ml.) for 20 min. The osazone, 
recrystallised seven times from benzene, gave arabinosazone, m. p. 159°, constant specific 
activity of 8-4 x 10 uc/millimole. 

(g) p-Xylose. The irradiated solution (10 ml.) with carrier xylose (1-58 millimoles) was 
freeze-dried and the residue was heated with acetic anhydride (1 ml.) and sodium acetate 
(0-15 g.) at 100° for 2hr. The resulting tetra-O-acetylxylose, after seven recrystallisations from 
ethanol, had m. p. 124° and specific activity 7 x 10™ uc/millimole. 

(h) D-Ribose. The irradiated solution (20 ml.) with carrier ribose (1-44 millimoles) was 
freeze-dried, and acetic anhydride (1-2 ml.) and pyridine (1-5 ml.) were added. After 24 hr. 
at about 4° the acetate was precipitated with ive-water and after eight recrystallisations from 
ethanol had m. p. 110° and specific activity 10 uc/millimole. 

(i) Three-carbon aldehydic fragments. The irradiated solution (5 ml.) with carrier dihydroxy- 
acetone (1-84 millimoles) was boiled with phenylhydrazine (1 ml.) and acetic acid (0-5 ml.) for 
10min. The osazone was recrystallised eight times from benzene, to give pure glycerosazone, 
m. p. 129° and specific activity 3-7 x 10° uc/millimole. 

(j) Two-carbon aldehydic fragments. Carrier glyoxal (2-42 millimoles), phenylhydrazine 
(2 ml.), and acetic acid (1 ml.) were added to the irradiated solution (10 ml.). The precipitate, 
after ten crystallisations from benzene, had m. p. 170° and constant specific activity (6-9 x 10 
uc/millimole). 

(k) Oxalic acid. The irradiated sohution (5 ml.), after treatment with carrier oxalic acid 
(2-61 millimoles), was distilled under reduced pressure (<35°) to a syrup; the distillate, frozen 
in liquid air, was used for determination of formaldehyde. The solid which eventually 
separated was recrystallised seven times from hot water, to give oxalic acid, m. p. 101°, constant 
specific activity 2 x 10“ uc/millimole. 
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(l) Formaldehyde. The above distillate was treated with carrier formaldehyde (0-233 
millimole) and 5% ethanolic dimedone (10 ml.)._ The solid which separated after 48 hr. was 
recrystallised twice from ethanol; it had m. p. 189° and specific activity 2-3 x 10% 
uc/millimole. 

The results for the isotope dilution analysis are tabulated. 


Products formed when an aqueous solution of D-glucose is irradiated with ultraviolet 
radiation for 72 hr. in oxygen. 


Initial p-Glucose = 27-7 millimole 
Carrier Sp. activity Yield 
(millimole) (uc/millimole) (millimole) 
p-Glucose 
penta-acetate 
glucosazone 
p-Gluconic acid 


14-18 
15-20 
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DISCUSSION 


The degradation of D-glucose when irradiated in dilute aqueous solution with ultra- 
violet radiation shows certain similarities with the degradation by gamma-radiation. 
Acid is formed, the optical rotation of the solution decreases, and in alkaline solution an 
absorption band appears at 265 my. Bothner-by and Balazs noted changes of this 
nature in glucose solutions irradiated with X-rays and electrons at doses ranging from 
1 to 10’ rads, and compared their observations with those of Laurent, who studied the 
absorption spectra of alkaline glucose solutions irradiated with ultraviolet radiation. 
From this comparison Bothner-by and Balazs } conclude that the same pattern of degrad- 
ation prevails in both cases. Our results, however, indicate that there are also significant 
differences in the behaviour of the two types of radiation. 

In the solution irradiated with ultraviolet light, apart from unchanged glucose, four 
other constituents were detected by paper chromatography. The pink spot at Ry 0-1— 
0-14 in butan-l-ol-acetic acid—water indicated initially the presence of glucuronic acid, 
but isotope dilution analysis (Table) proves that the amount of this acid is small (0-09 
millimole). However, the radioactive count of the spot at Rp 0-1—0-14 after 72 hours’ 
irradiation (Fig. 1) indicates that the product or products responsible are present in 
comparable amounts to that of arabinose (Ry 0-22), shown by isotope dilution to be 1-7 
millimoles. Therefore glucuronic acid cannot be the main product responsible for the 
spot at Ry 0-11—0-14; this view is supported by the observation that no glucurone was 
detected at Ry 0-34. From our results there is also no evidence that gluconic acid is a 
major product during ultraviolet irradiations although this acid and glucuronic acid are 
primary products of gamma-radiation of glucose solutions." 

We are unable to identify the products responsible for the pink spots with Rp 0-25 and 
0-29 (in butan-l-ol-acetic acid-water). These are formed more slowly (Fig. 1) than 
arabinose, indicating that they are lower degradation products. The pink spot of Rp 0-29 
corresponds closely with ribose in its chromatographic behaviour, but the large radio- 
activity count at Ry 0-29 shows no correlation with the very low assay of ribose as tetra- 
acetate by isotope dilution analysis; it is also difficult to conceive the formation of ribose 
on configurational grounds.!*  Xylose is present only in negligible amounts and therefore 


48 Bothner-By and Balazs, Radiation Res., 1957, 6, 302. 
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we conclude that arabinose is the main pentose present. The yield—dose curve (Fig. 1) 
further indicates that arabinose is a primary product. ; 

Our results support the view that glucosone is present in the irradiated solution. 
Isotope dilution estimations of glucose as penta-O-acetylglucose and glucosazone show 
considerable divergence, as is to be expected if glucosone is present. This compound 
would contribute to the latter but not to the former assay. A similar divergence between 
the two methods resulting from the presence of glucosone was observed for irradiated 
fructose solutions.!® 

Isotope dilution analysis with carrier dihydroxyacetone and assay as glycerosazone 
indicate that appreciable amounts of three-carbon aldehyde fragments are formed. 
Similar three-carbon fragments were observed during gamma-irradiation of glucose 
solution, and the results indicated that the characteristic absorption at 265 my is due to 
isomerisation of glyceraldehyde to dihydroxyacetone. Glucose solutions subjected to 
ultraviolet irradiation, however, only show the absorption maximum at 265 my when 
alkali is added to the solution (Fig. 5). Since pure dihydroxyacetone in alkaline solution 
shows an absorption maximum at 294 muy, it is probable that other enediol structures are 
present which make a more important contribution to the absorption at 265 my than does 
dihydroxyacetone. Markham et al.” concluded from similar absorption-spectra evidence 
that glyceraldehyde and/or dihydroxyacetone are formed during the ultraviolet irradiation 
of glycerol catalysed with zinc oxide. Isotope dilution analysis with carrier glyoxal and 
assay as glyoxal bisphenylhydrazone confirm that two-carbon aldehydic fragments are 
present among the lower degradation products (Table). The final degradation products 
are formaldehyde, formic acid, and carbon dioxide. The yield—dose curve for carbon 
dioxide supports this since the rate of formation increases sharply during the later stages 
of the degradation. After 72 hours’ irradiation formic acid accounts for most of the acid 
present in the irradiated solution. 

The yields of acid and carbon dioxide, and the fall in optical rotation, on ultraviolet 
radiation depend on glucose concentration, whereas for gamma-radiation the yields were 
independent of it within a ten-fold range. This indicates that direct absorption of 
radiation rather than indirect action is the dominant process responsible for degradation 
by ultraviolet light. Heidt 18 observed similar direct absorption of light by solutions of 
glycosides, leading to changes in optical activity due to hydrolysis of the glycosidic link. 
The reaction is considered to arise from an intramolecular transfer of absorbed energy 
from the aglycone to the hemiacetal oxygen bridge which is the reactive centre. The 
degradation of glucose in solution by gamma-radiation is, however, an indirect process, 
the radiation energy being absorbed by the water and degradation caused by reactive 
species formed by radiolysis of water.!* 

Thus, from our quantitative studies and the nature of the products identified, it is 
clear that although there are similarities there are also important differences between the 
action of gamma-radiation and of ultraviolet light. Particularly noticeable is the negligible 
formation of gluconic and glucuronic acid by ultraviolet light. Whelan and Peat ™ also 
concluded that glucuronic acid is not an intermediate product in the photo-oxidation of 
glucose. A stepwise degradation of the hexose molecule was postulated by these workers 
to account for the photodecomposition of starch, where the only intermediate products 
identified were formaldehyde, formic acid, and carbon dioxide. A similar degradation 
pattern would account for our main observations. Experiments are in progress to examine 
this possibility further. 

However, there are clearly other types of attack occurring on glucose. The presence 
of glucosone would indicate oxidation at Ci) leading to 2-oxogluconic acid which may 
account for the spot at Ry 0-1—0-14. The unknown spots’at Ry 0-25 and 0-29 may be due 

16 Phillips and Moody, J., 1960, 754. 


17 Markham, Hawnan, Paternaste, and Rose, J]. Amer. Chem. Soc., 1958, 80, 5394. 
18 Heidt, J. Franklin Inst., 1942, 234, 473. 
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to keto-sugars formed from arabinose. After 160 hours’ irradiation the carbohydrate 
content of the solution is negligible and glucose is almost entirely converted into carbon 
dioxide, formaldehyde, and formic acid. Therefore, although several products remain 
unidentified, it is clear that the pattern of degradation by ultraviolet radiation is sub- 
stantially different from that of gamma-radiation. 


With respect to this and the following paper, the authors thank Dr. W. Wild for valuable 
discussions, Professor A. G. Evans for his interest, and the United Kingdom Atomic Energy 
Authority (Research Group) for financial support. A maintenance grant (to G. J. M.) from 
U.K.A.E.A. (Research Group) is gratefully acknowledged. 
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680. Radiation Chemistry of Carbohydrates. Part VI.* Action 
of Gamma-radiation on Aqueous Solutions of D-Mannose in Oxygen. 


By G. O. PuiLiips and W. J. CRIDDLE. 


Paper-chromatographic and radioactive-tracer methods showed that 
gamma-irradiation of oxygenated p-mannose solutions gives D-mannuronic 
acid, D-mannonic acid, D-arabinose, D-erythrose, two-carbon aldehydic 
fragments, formic acid, and carbon dioxide. Changes in acidity, absorption 
spectra, and the rate of formation of hydrogen peroxide were measured. 

Primary and secondary products are distinguished by reference to the 
yield—dose curves which were obtained from isotope dilution analysis and 
paper chromatography; there is good agreement between the two methods. 

Experiments using D-[1-*C]mannose indicate directly that the primary 
degradation processes are (a) oxidation at C;,) and Cq) to give mannuronic 
acid and mannonic acid respectively, (b) direct scission between C,,, and Cg) 
to form p-arabinose and formaldehyde, and (c) scission between C;,) and Ci) 
to give pD-erythrose and a two-carbon aldehydic fragment with, simul- 
taneously, direct conversion of the hexose molecule into three two-carbon 
aldehydic fragments. These account for 80% of the initial amount of 
D-mannose degraded (G 3-5). 

The results also indicate secondary formation of D-arabinose, D-lyxose, 
oxalic acid, formic acid, and carbon dioxide. 


Tuis study of the effect of gamma-radiation on aqueous D-mannose in oxygen follows our 
work on D-glucose.! Our preliminary note? stated that in dilute solution mannuronic 
acid was formed. Our later work revealed several other products. These were identified 
and estimated by chromatographic, spectroscopic, and isotope dilution methods. As far 
as we are aware, no other chemical study of the effect of ionising radiations on D-mannose 
solutions has been reported. 


RESULTS AND EXPERIMENTAL 


The ®Co source and techniques used in this investigation are similar to those described 
previously. Two dose rates were employed. In the large cell (100 ml.) the dose rate was 
1-60 x 10" and in the small (vol. 40 ml.) was 1-07 x 10! ev min.+ ml.*. 

Chromatographic Analysis of Irradiated Solutions.—A solution of D-mannose (5-56 milli- 
moles) in water (100 ml.) was irradiated to a total energy input of 6-65 x 107? ev, and chromato- 
graphed with butan-l-ol—acetic acid—water (4: 1:5) with p-anisidine as spray reagent. The 
following spots were revealed: brown, Rp 0-21, mannose; pink, Ry 0-04 (faint); pink, Rp 0-11; 
pink, Ry 0-15; pink, Rp 0-21; bright yellow, Ry 0-42. When silver nitrate was used as a spray 


* Part V, preceding paper. 


1 Phillips, Moody, and Mattok, J., 1958, 3522. 
® Phillips, Nature, 1954, 173, 1044. 
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reagent the spot of Rp 0-04 was very pronounced, indicating the presence of a non-reducing 
acid in addition to the reducing component revealed by p-anisidine. When the irradiated 
solution was concentrated by freeze-drying a further spot was observed at Ry 0-08, and at high 
energy inputs (ca. 1-3 x 10*3 ev) a pink spot of Ry 0-25 was detected, corresponding to lyxose. 
The irradiated solution was treated with phenylhydrazine and acetic acid at 100° for 30 min., 
and the precipitated osazones were separated by circular paper chromatography.* This method 
indicated the presence of mannosazone (glucosazone), Rp 0-04, and erythrosazone, Ry 0-50. 
A solution (100 ml.) of [1-!*C}mannose (5-56 millimoles, ca. 25 uc) was irradiated to a total 
energy input of 6-7 x 1072 ev. After chromatography, the autoradiographs showed a pattern 
similar to that revealed by spray reagents. The autoradiographs were scanned by using a 
Hilger photoelectric densitometer, and Fig. 1 shows the intensities of the individual spots, 
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Fic. 1. Density of spots on autoradiograph, giving a measure of *C concentration along the paper 
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giving a direct measure of the “C concentration along the paper chromatogram. The high 
background confirms the pronounced streaking indicated by spray reagents. Table 1 shows 
the main organic constituents indicated by paper chromatography and autoradiography in the 
irradiated solution. 


TABLE 1. Constituents in D-mannose solution after irradiation. 


Autoradiograph Colour Ry Product 
I Faint pink 0-04 Mannonic and mannuronic acid 
II, Il Pink 0-10—0-12 Mannurono-é-lactone and possibly 2-oxogluconic acid 
IV Pink 0-15 Mannono-8- and -y-lactone 
Vv Brown 0-21 Mannose and arabinose 
VI oo 0-31 Mannono-y-lactone 
Vil Bright yellow 0-42 Erythrose 


The distillate from the irradiated solution was trapped in a receiver cooled in liquid air, and 
treated with excess of ammonia solation. After removal of the solvent under reduced pressure, 
the solid was chromatographed in 95% ethanol-ammonia (d 0-88) (100: 1).4 Spraying with 
Bromocresol Green in absolute ethanol ® revealed a blue spot on a yellow background, of Rp 
0-31, which corresponded to ammonium formate, and indicated the presence of formic acid in 
the irradiated solution. 

Acid Formation.—On the assumptién that the acids formed are monobasic, Fig. 2 shows 


% Barry and Mitchell, J., 1957, 4020. 

* Kennedy and Barker, Analyt. Chem., 1951, 23, 1033. 

5 Block, Durrum, and Zweig, ‘‘ Paper Chromatography and Paper Electrophoresis,’’ Academic Press, 
New York, 1955, p. 160. 
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the rate of acid formation with energy input, indicating initial G(acid) 1-6. No variation in G 
value was observed within a ten-fold variation in mannose concentration. The fall in pH with 


energy input is shown in Table 2. The rate of formation of volatile acid with energy input is 
also shown in Fig. 2. 


Fic. 3. Ultraviolet absorption spectra of 
irradiated D-mannose solutions (40 ml.). 





























Fic. 2. Acid formation during irradiation of 
D-mannose solutions in oxygen. 
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Fic. 4. Increase in ultraviolet absorption at Fic. 5. Formation of hydrogen peroxide 
275 mp during irradiation of aqueous D- during irradiation of D-mannose 
mannose solution (40 ml.). solutions. 
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Absorption Spectra of Irradiated Solutions.—A typical ultraviolet absorption spectrum of an 
irradiated mannose solution is shown in Fig. 3, in comparison with an unirradiated solution. 
Addition of potassium hydrogen carbonate modifies the spectrum considerably. Fig. 4 shows 
the increase in ultraviolet absorption with energy input. 

Hydrogen Peroxide Formation.—Hydrogen peroxide was estimated by using titanium 


TABLE 2. Change in pH during irradiation of D-mannose solutions. 


Dose (10% ev ml.~!) 0-6 1-2 2-4 3:6 4:8 6-0 13-2 21-0 27-6 
PEL nnrccccccsccccscceese 6°25 6-15 5-90 5-70 5-65 5-55 5-25 5°15 5-00 
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sulphate solution,® and the results are shown in Fig. 5. After an initial constant rate of form- 
ation with initial G value 1-9, there is extensive degradation of hydrogen peroxide, and 
equilibrium is established at ca. 5 x 10 ev ml.1. We observed a post-irradiation fall in 
hydrogen peroxide concentration at a rate of 3-2 x 10% molecules ml. min.*. 

Estimation of Products by the Isotope Dilution Method.—The main products were estimated 
by application of isotope dilution analysis directly to the untreated irradiated solutions. Ina 
typical experiment, an aqueous solution (100 ml.) of D-mannose (5-56 millimoles) of specific 
activity 3-6 wc/millimole was irradiated at a dose rate of 1-60 x 10 ev ml.? min. in oxygen 
for 39 hr. The following constituents were estimated: 

Mannose. Mannose phenylhydrazone was prepared according to Bourquelot and Hérissey’s 
directions.’ The irradiated solution (5 ml.) was treated with carrier D-mannose (1-08 milli- 
moles), acetic acid (0-5 ml.), and phenylhydrazine (1-0 ml.). After 8 hr. at 5°, the solid 
hydrazone which separated was recrystallised five times from aqueous ethanol and gave pure 
mannose phenylhydrazone, m. p. 185°, constant specific activity 0-50 (uc/millimole). 

Arabinose. The irradiated solution (5 ml.) and carrier p-arabinose (1-12 millimoles) were 
refluxed for 30 min. with ethanol (15 ml.) and diphenylhydrazine.* After 24 hr. a solid was 
separated, which on six recrystallisations from ethanol gave pure arabinose diphenylhydrazone, 
m. p. 196°, constant specific activity (0-058 uc/millimole). 

Lyxose. The irradiated solution (5 ml.) was heated with carrier p-lyxose (1-0 millimole), 
acetic acid (1-0 ml.), and phenylhydrazine (2-0 ml.) at 100° for 20 min. Water (5 ml.) was 
added, and the solid which separated was chromatographed in ethanol on a column of calcined 
aluminium oxide. Continued elution with ethanol removed the lyxosazone band. This 
material was again chromatographed and twice recrystallised from benzene, giving lyxosazone, ° 
m. p. 159°, constant specific activity (0-01 uc/millimole). 

Two-carbon aldehydic fragments. ‘The irradiated solution (5 ml.) was treated with carrier 
glyoxal (2-0 millimoles), acetic acid (1-0 ml.), and phenylhydrazine (2-0 ml.). The product, 
after eight recrystallisations from benzene, gave pure glyoxal bisphenylhydrazone, m. p. 170°, 
constant specific activity (0-015 uc/millimole). 

1,3-Dihydroxyacetone. The irradiated solution (10 ml.) was heated with carrier 1,3-di- 
hydroxyacetone (1-23 millimoles), acetic acid (1-0 ml.), and phenylhydrazine (2-0 ml.) for 10 min. 
The solid which separated on addition of water (5 ml.) was recrystallised eight times from 
benzene, to give glycerosazone, m. p. 129°, constant specific activity (0-007 uc/millimole). 

Formaldehyde. The irradiated solution (5 ml.) was distilled under reduced pressure and the 
distillate trapped in liquid air. Carrier formaldehyde (0-226 millimole), 10% ethanolic dimedone 
(10 ml.), and ethanol (50 ml.) were added to the distillate. After 48 hr. the dimedone complex 
was separated and crystallised from ethanol until it had m. p. 189° and constant specific activity 
(0-018 uc/millimole). 

Oxalic acid. The syrup obtained during the formaldehyde estimation was treated with 
carrier oxalic acid (1-00 millimole) and dissolved in water (2-0 ml.). Eight recrystallisations 
gave pure oxalic acid, m. p. 99°, constant specific activity (0-001 uc/millimole). 

Mannonic acid. In an independent experiment an aqueous solution (30 ml.) of mannose 
(1-66 millimoles) of specific activity 3-5 uc/millimole was irradiated for 24 hr. at a dose rate of 
1-07 x 10 ev min.‘ ml.1. The irradiated solution (5 ml.) was treated with carrier D-mannono- 
y-lactone (0-6 millimole) and excess of freshly precipitated calcium carbonate. The solution 
was filtered after 24 hr., then evaporated to 1 ml., and hot ethanol was added to precipitate 
calcium mannonate. Ten recrystallisations were necessary to give pure calcium mannonate 
with constant specific activity of 0-14 uc/millimole. 

Mannuronic acid. Attempts to prepare suitable crystalline derivatives of mannuronic acid 
for isotope dilution analysis were-unsuccessful. Estimations were attempted with the limited 
amounts of barium mannuronate which were available as carrier. However, no values can be 
quoted since pure barium mannuronate of constant specific activity was not isolated even after 
twelve recrystallisations. 

Table 3 shows the yields of products at two energy inputs (3-7 x 10? and 2-25 x 10? ev) 
under fully oxygenated conditions. - 

Rate of Formation of Products.—In order that accurate initial G values could be evaluated 

® Eisenberg, Ind. Eng. Chem., Analyt. Ed., 1943, 15, 327. 


7 Bourquelot and Hérissey, Compt. rend., 1899, 129, 339. 
8 Neuberg and Wohlgemut, Z. physiol. Chem., 1902, 35, 31. 
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for the main products, individual estimations by the isotope dilution method were carried out 
at varying energy inputs. For this purpose p-[{1-“C]mannose solutions (30 ml.) with specific 
activities 3-5—3-6 uc/millimole were independently irradiated at a dose rate of 1-07 x 10” 


TABLE 3. Products when aqueous D-mannose ts trradiated with gamma-radiation 
in oxygen. 
(a) Initial mannose, 5-6 millimoles. 
Energy input, 3-7 x 10% ev (vol. 100 ml.). 
1,3-Dihydroxy- 


Product p-Mannose p-Arabinose p-Lyxose Glyoxal acetone H,C,0, CH,O 
Carrier (milli- 
moles) ......... 1-08 1-12 1-00 2-00 1-23 1-00 0-23 
Specific activity 
(uc/millimole) 0-50 0-058 0-01 0-015 0-007 0-001 0-018 
Yield (millimoles) 3-5 0-44 0-06 0-40 0-05 0-04 0-18 
Sugar acids estimated from paper chromatography .............+200000+ 0-46 millimole 
Erythrose estimated from paper chromatography ..............++ssee+e++ 0-12 millimole 
Carbon dioxide determined gravimetrically ..............:.cscceseeseeeeeees 0-03 millimole 
Formic acid determined as volatile acid by titration ..................... 0-22 millimole 


(b) Initial p-mannose, 5-48 millimoles. 
Energy input, 2-25 x 10* ev. 


1,3-Dihydroxy- 
Product p-Mannose p-Arabinose p-Lyxose Glyoxal acetone H,C,0, CH,O 
Carrier (milli- 
moles) .....0... 1-0 1-03 0-95 2-22 1-13 1-60 0-22 
Specific activity 
(uc/millimole) 0-048 0-062 0-040 0-057 0-038 0-093 0-033 
Yield (millimoles) 0-16 0-26 0-17 1-40 , O31 0-74 0-18 
Sugar acids estimated from paper chromatography  .............s+s++0++ 0-57 millimole 
Erythrose estimated from paper chromatography .............t/se+eee0e: 0-69 millimole 
Carbon dioxide determined gravimetrically ...............ccccceseseseeeees 2-33 millimole 
Formic acid determined as volatile acid by titration .................206+ 6-34 millimole 


ev min.* ml., doses varying from 2-2 x 10 to 13-2 x 10’ ev ml... Mannose, arabinose, 
lyxose, glyoxal, oxalic acid, and formaldehyde were estimated at varying dose levels by applying 
the isotope dilution method to the untreated irradiated solution as described above. The 
results are shown in Figs. 6 and 7. Initial G values calculated from these curves are as follows: 
mannose (rate of consumption) 3-5; arabinose 0-5; formaldehyde 0-3; glyoxal 0-64. 

Experiments were carried out with p-{l-C]mannose to provide information about the 
mechanism of formation of formaldehyde and glyoxal. [1-'“C]Mannose solutions (30 ml.) with 
specific activity of 3-65 uc/millimole were irradiated at a dose rate of 1-07 x 10%” ev. min.? 
ml.1, doses ranging from 1-0 to 7-1 x 107° ev ml.. [#4C]Glyoxal and [!*C]formaldehyde were 
estimated by isotope dilution. The results are shown in Figs. 6 and 7. [l-*C]Arabinose was 
also estimated, but the diphenylhydrazone isolated proved to be inactive, indicating that 
scission occurs at the 1,2-bond to form [#“C]formaldehyde and inactive arabinose. The carbon 
dioxide formed during the irradiation was determined by passing the oxygen stream escaping 
from the irradiation cell through barium hydroxide, the carbonate precipitated being weighed 
(Fig. 8). 

Formic acid was determined by direct titration of the distillate from the irradiated solution 
after it had been trapped in a receiver cooled in liquid air (Fig. 2). 

Yield—dose curves for several of the products were obtained by paper chromatography. 
Accurately known amounts of irradiated p-[{C]mannose solution which had received pro- 
gressively increasing doses of radiation were chromatographed and the radioactivity of the spots 
measured (Fig. 9). The rate of formation with energy input was measured for erythrose, which 
runs as an independent spot and for the total amount of sugar acids running at positions I, II, 
III, and IV (Table 1) since these acids and lactones cannot be conveniently separated as 
independent spots. When these measurements were carried out, mannono-y-lactone (VI) had 
not been detected by autoradiography, and is not therefore included. Fig. 1 indicates, however, 
that this lactone represents up to 20% of the total sugar acids present. Since mannose and 
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arabinose run at the same position on paper chromatograms in butan-l-ol—acetic acid—water 
we have measured the over-all change in radioactivity resulting from a fall in mannose concen- 
tration and the formation of arabinose (Fig. 9). The individual yield—dose curves for disappear- 
ance of arabinose and mannose are accurately known from isotope dilution measurements 
(Fig. 6 and 7); correlation is therefore possible between the two methods. Thus we calculate 
initial G (arabinose) from paper chromatography to be 0-6 (based on G 3-5 for disappearance of 
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sugar acids +- lactones; C, D-erythrose. 


mannose). The comparable value from isotope dilution is 0-5. On a similar basis we calculate 


G(sugar acids) from paper chromatography to be 1-4, which is to be compared with the direct 
value 1-6 from titration. Initial G(erythrose) is 0-18 from paper chromatography. 


DISCUSSION 
Paper chromatography and isotope dilution analysis indicate that a number of products 
are formed when D-mannose solutions are irradiated in oxygen. Table 3 shows the nature 
and amounts of the main products after total energy inputs of 3-7 x 10” and 2-25 x 10% 
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ev. In these analyses, the sum of the products and unchanged mannose account for 85%, 
and 72% by weight respectively of the original mannose present. It is evident that at 
high energy inputs part of the complexity of the system is due to secondary degradation 
of the primary products. Therefore, to elucidate the nature of the primary degradation, 
particular attention was given to the yield—dose curves for the main products at low 
energy inputs. 

The formation of acid (Fig. 2) is a primary process and the acid yield is independent of 
mannose concentration, indicating that the radiation energy is absorbed by the water, and 
that chemical reactions are initiated by the reactive species formed. Since the rate of acid 
formation increases with energy input, it appears that acids are also formed by secondary 
processes, possibly formic acid. Initially negligible amounts of this acid are present 
(Fig. 2) but at high energy inputs the proportion is appreciable (Table 30). From paper- 
chromatographic evidence it is probable that mannonic and mannuronic acid are formed. 
Presence of the former was confirmed by isotope dilution analysis, but as previously noted 
difficulties were encountered in preparing pure samples of mannuronic acid derivatives 
for combustion. From paper chromatography, initial G for acid formation is 1-4, which 
is in reasonable agreement with the value from titration (G 1-6) particularly when it is 
recalled that the paper chromatographic value is approximately 20% low because the 
amount of mannono-y-lactone was not estimated. Isotope dilution gives initial G for 
mannonic acid 0-6—0-7, but this value is calculated from only one measurement and is thus 
subject to error. Autoradiographs (Fig. 1) and radioactive measurements support the 
view that mannuronic acid represents the major portion of the remainder of the acid which 
is formed initially. 

Arabinose is the main pentose formed during irradiation. Isotope-dilution and paper- 
chromatographic measurements reveal that it is a primary product with initial G 0-5—0-6. 
The rate of formation increases at higher energy inputs, indicating that arabinose is formed 
by a secondary process also. During the irradiation of D-glucose solutions in oxygen! a 
similar yield—dose curve was obtained for arabinose, it being concluded that this pentose 
was a secondary product only. The more accurate measurements now reported for 
irradiated D-mannose solutions, particularly at low energy inputs, support the view that 
arabinose is formed by primary and by secondary processes. The primary formation 
arises as a result of the scission of the 1,2-bond, while decarboxylation of mannonic acid 
may account for the secondary formation. 

The primary scission of the 1,2-bond to form arabinose probably also leads to formalde- 
hyde, which our results indicate is a primary product with initial G 0-3. The lower initial 
yield of formaldehyde than of arabinose may be accounted for by the loss of formaldehyde 
in the oxygen stream. Our experiments with p-[1-“C]mannose confirm the view that 
formaldehyde formed during the primary degradation comes by direct scission of the 
1,2-bond. Initially the yield—dose curve for formaldehyde from p-[1-"C]mannose and 
p-(C)mannose (generally labelled) are identical, but at increased energy inputs the 
apparent yield of formaldehyde from p-[1-“C]mannose decreases (Fig. 7). Since in the 
latter estimation only [!C]formaldehyde is measured, the fall in concentration probably 
results from dilution by formaldehyde formed from the remaining inactive portion of the 
mannose molecule. We have also confirmed that arabinose formed in [1-C]mannose 
experiments is inactive. 

p-Lyxose, the remaining pentose detected in the irradiated solution, was present only 
in small amount at high energy inputs. It may therefore be formed by decarboxylation 
of mannuronic acid by a secondary process. 

Our results indicate that primary scission of the hexose molecule into four- and two- 
carbon aldehydic fragments occurs. Although erythrose and glyoxal are the most probable 
products from a scission of this type, our estimations by isotope dilution analysis do not 
distinguish between them and other similar fragments which form identical osazones on 
treatment with phenylhydrazine in acetic acid. The yield—dose curve for two-carbon 
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fragments is shown in Fig. 6, giving an initial G value 0-64. Experiments with p-[1-“C]- 
mannose allow a more detailed description of this process. This method measures the 
primary formation of two-carbon fragments which contain ["4C] and thus are formed by 
scission of the 2,3-bond; this process should lead also to simultaneous formation of a four- 
carbon fragment. Initial G value for two-carbon fragments derived from C measure- 
ments is 0-2, which is in reasonable agreement with initial G(erythrose) 0-18, calculated 
from paper-chromatogram measurements. The appreciable difference between these 
values and the overall formation of two-carbon fragments (G 0-64) leads to the conclusion 
that such fragments must be formed by two primary processes which may be represented 
asin (A). Further oxidation of glyoxal to form oxalic acid occurs (Fig. 6), but this appears 
to be a secondary process. 


CH2-OH CH2-OH CH2*OH 


i 
r on od : CHO 
(A) + frHo <~<— OH HO ee OH fHO 
HO “CHO CHO HO OH CHO CHO 


Symmetrical scission of the hexose molecule into three-carbon fragments only occurs 
to a small extent (Table 3) and is less than we observed for irradiated D-glucose solution _ 
in oxygen.! This rather different behaviour may be related to the fact that maximum 
absorption for irradiated mannose solutions occurs at 275 my, and on addition of alkali 
moves to 290 my with pronounced increase in intensity. Glucose solutions show maximum 
absorption at 265 my, which we previously related to the presence of 1,3-dihydroxyacetone 
which absorbs at this wavelength in acid solution. However, it is possible that more than 
one constituent may account for the resultant absorption spectrum. Enediols in general 
would be expected to absorb strongly in this region,® and in particular reductone, a possible 
constituent present in irradiated mannose solution, absorbs at 290 my in alkali. The 
overall consumption of mannose during irradiation shows initial G 3-5, in excellent agree- 
ment with glucose irradiations (G 3-5), and in broad outline the patterns of degradation for 
the two hexoses are similar. For mannose the degradation may be accounted for by the 
processes shown in the chart. Reactions 1 and 2 together proceed with combined initial 








p-Mannose 
y' y Y Y' y 
p-Erythrose + Glyoxal p-Mannuronic acid p-Mannonic acid p-Arabinose + 
Glyoxal { | Formaldehyde 
— sy al 
} p-Lyxose p-Arabinose 


Oxalic acid 


G 0-64, the initial rate of formation of the two-carbon aldehyde fragments; D-erythrose 
is produced simultaneously with initial G 0-18. We have observed two primary processes 
leading to acid formation (reactions 3 and 4), and the total initial acid yield is G 1-4—1-6, 
the former being derived from paper chromatography and the latter by direct titration. 
Isotope dilution indicates that mannonic acid (reaction 4) is produced with initial G 0-6— 
0-7. The initial formation of arabinose occurs by scission of the 1,2-bond (initial G 
0-5—0-6) and is accompanied by formation of formaldehyde. Thus the primary process 


® Grant and Ward, J., 1959, 2871. 
1 von Euler, Hasselquist, and Hanshoff, Arkiv Kemi, 1953, 6, 471. 








3412 Notes. 


which we have identified proceeds with initial G 2-84. In comparison with the rate of 
consumption of mannose, therefore, it appears that we have accounted for the main 
degradation processes, although a further degradative path is not precluded. 


UNIVERSITY COLLEGE, CARDIFF, (Received, February 18th, 1960.} 
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681. The Formation of Yellow Condensation Products from 
Amino-compounds and Ninhydrin. 


By A. W. JoHNson and D. J. McCaLpin. 


IN a previous paper ! we have discussed the structure of the well-known yellow condens- 
ation product of proline and ninhydrin. Other amino-compounds outside of the proline 
group produce yellow spots on paper chromatograms after development with ninhydrin. 
Some of these condensations have now been examined and it is found that, unlike proline, 
there is present in most of these amino-compounds a suitably placed methylene group or 
another amino-group which is capable of further condensation with the l-oxo-group of 
ninhydrin to produce a new five- or six-membered ring. This reaction takes precedence 
over the normal Strecker degradation of the amine or amino-acid that leads to formation 
of the purple ninhydrin condensation product. An example of an amino-acid derivative 
yielding a yellow ninhydrin condensation product is glycine amide which reacts to form 
the polycyclic compound (I; R = H) or a tautomer. Under similar conditions, alanine 
amide gives (I; R = Me). Spectral evidence favours the tautomeric structure (I). The 
ultraviolet absorption shows a bathochromic shift after addition of alkali in common with 
the behaviour of 3-hydroxypyridine,? 3-hydroxyquinoline,? and 2-hydroxy-3-methyl- 
quinoxaline,* and unlike 2-pyridone * and 2-quinolone.* Moreover, the infrared absorption 
of compound (I; R = Me) showed a strong band at 1725 cm." (cyclopentanone carbonyl). 


N 
te Oy Ory 
AR ~ 
(I) , y ON 


Yellow colours with ninhydrin have been reported® from the substituted glycine 
amides, N-glycylglucosamine and N-glycyl-a-ribofuranosylamine. The condensation 
product (II) from ninhydrin and o-phenylenediamine, described many years ago by 
Ruhemann,® is an example of a related condensation. 

Activation of a methylene or methene group in the amino-compound can be achieved 
by its proximity to an oxo-group or by its position in a suitable heterocyclic ring. Although 
the pure condensation products have not been isolated, examples of this type of 
amino-compound reported to give yellow ninhydrin colours include aminoacetone,’ 


(11) 


1 Johnson and McCaldin, J., 1958, 817. 

2 Specker and Gawrosch, Ber., 1942, 75, 1338. 

+ Ewing and Steck, J. Amer. Chem. Soc., 1946, 68, 2181. 

* Lanning and Cohen, J. Biol. Chem., 1951, 189, 109. 

5 Baddiley, Buchanan, Prescott, e¢ al., J., 1956, 2818; 1957, 4769. 
* Ruhemann, J., 1910, 97, 1449. 


? Ellis, Petrow, and Snook, J. Pharm. Pharmacol., 1949, 1, 60; 1950, 2, 128, 535; Elliott, Biochim. 
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2-amino-5-methyl-4-oxohexanoic acid,§ 2-aminomethylbenzimidazole,® pyridoxamine,” 
and @-indolylglycine.“ 


Experimental.—Condensation of ninhydrin and glycine amide. Glycine amide ™ (66 mg.) was 
dissolved in the minimum amount of methanol, and methanolic ninhydrin hydrate (132 mg.) was 
added. The mixture became dark yellow after a few minutes and was shaken at room tem- 
perature for 16hr. The yellow crystals (46 mg.) of the condensation product (I; R = H) were 
separated and washed with ether and ethanol. After crystallisation from ethanol the product 
formed brownish yellow elongated prisms which discoloured above 275° and had m. p. 321— 
323° (decomp.) (Found: C, 66-9; H, 3-0; N, 14-2. C,,H,N,O, requires C, 66-6; H, 3-15; 
N, 14:1%). Light absorption: (i) in methanol, A, 236, 264, 301, 310, 356, and 371 my; loge 
4-44, 4-04, 4-11, 4-11, 4-00, and 3-95, respectively; (ii) in methanol containing N/100-sodium 
hydroxide solution, Amax. 240, 285, 301, 310, 367, and 428 my; log ¢ 4-81, 4-13, 4-12, 4-28, 3-98, 
and 3-56, respectively. 

Condensation of ninhydrin and alanine amide. Alanine amide (66 mg.) and ninhydrin 
hydrate (120 mg.) reacted as described above to give the product (I; R = Me) as yellow 
elongated prisms (47 mg.) which were washed with a little methanol and dried. After crystal- 
lisation from methanol it had m. p. 324—325° (Found: C, 67-7; H, 3-6; N, 13-0. C,,H,N,O, 
requires C, 67-9; H, 3-6; N, 13-2%). Light absorption: (i) in methanol, Amax 222, 278, 285, 
324, and 334 my; log ¢ 4:39, 4-02, 4-13, 3-98, and 3-92, respectively; (ii) in methanol containing 
n/100-sodium hydroxide solution, Amax. 239, 300, 311, 356, and 367 my; log « 4-51, 4:25, 4-37, 
4-07, and 4-06, respectively. 


DEPARTMENT OF CHEMISTRY, THE UNIVERSITY, 
NOTTINGHAM. [ Received, October 22nd, 1959.] 


8 Ellington, Hassall, Plimmer, and Seaforth, J., 1959, 80. 
® Crawford and Edward, J., 1956, 673. 

10 Kalyankar and Snell, Nature, 1957, 180, 1069. 

il J. B. Jepson, private communication. 

12 Yang and Rising, J. Amer. Chem. Soc., 1931, 58, 3183. 





682. Alternaric Acid. Part IV.* 3-Acetyl-5,6-dihydro-4-hydroxy- 
6-methyl-2-pyrone. 


By J. R. Bartets-Keiru and W. B. TURNER. 
THE nature of the chromophore of alternaric acid (Ia) } has been confirmed by comparison 


of its properties with those of the simpler pyrone (Ib), prepared by hydrogenation of 
dehydroacetic acid over palladised charcoal. 


Me OH OH CH, 


Z (a) R = Et-CH-CH- C-cH: CH-CH, .C-CH,-CH,- 
QO roa COH 
Me Me Me R = Me 


HO OH 
(1) (IIa) (1b) 


na © 


Re 


The ultraviolet absorption (Table) of the dihydropyrone (Ib) agrees well with that 
obtained by subtraction of the end absorption of the acid? R-CO,H from the absorption 


* Part III, J., 1960, 1662. 


1 Bartels-Keith and Grove, Proc. Chem, Soc., 1959, 398. 
? Bartels-Keith, J., 1960, 860. 
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of alternaric acid. In 0-1N-sodium hydroxide the ultraviolet absorption spectra of 
alternaric acid (Ia) and the dihydropyrone (Ib) are virtually identical. 




































Ultraviolet absorption spectra: Amax. (my) and « (in parentheses). 


In EtOH (Ib) 216 (9,500) 271 (10,630) 
e (Ia) — R-CO,H 216 (8,570) 275 (11,300) 

In 0-1n-NaOH (Ib) 249 (16,000) 268 (13,500) 
a (Ia) * 250 (15,000) 271 (14,000) 


The infrared spectra of the pyrone (Ib) and methy] alternarate are very similar in the 
1550—1750 cm. region. The former shows bands (in CHCl,) at 1711, 1638, an1 1560 
(broad) cm.-, and the latter at 1710, 1643, and 1560 (broad) cm. (in addition to that at 
1726 cm. due to the methoxycarbonyl group). 

The thermodynamic pK values (4-62 and 4-67 respectively) at 25° of the ester and 
dihydropyrone (Ib) show good agreement. 

Both compounds (Ia) ** and (Ib) with N-sulphuric acid yield 1 mol. of carbon dioxide 
and with n-sodium hydroxide yield acetone and acetaldehyde. 

Acid-hydrolysis of compound (Ib) by boiling N-sulphuric acid or, better, by 90% 
sulphuric acid at 130°, gives, in addition to carbon dioxide, a liquid, C,H, O,, whose 
spectroscopic properties suggested its formulation as (IIa). This compound has recently 
been obtained® by hydrogenation of 2,6-dimethyl-4-pyrone and its properties agree 
with those of ours. Its formation from the dihydropyrone (Ib) is analogous to that 
of 2,6-dimethyl-4-pyrone from dehydroacetic acid. The compound (Ila) gives an 
intense reddish-violet colour with ferric chloride and shows a bathochromic shift in 
0-1N-sodium hydroxide, indicating that in aqueous solution it exists in the open-chain 
form (IIb). e 


Experimental.—3-A cetyl-5,6-dihydro-4-hydroxy-6-methyl-2-pyrone (Ib). Dehydroacetic acid 
(5-0 g.) in methanol (250 ml.) was hydrogenated over 10% palladium-charcoal (2-1 g.) until the 
ultraviolet absorption showed that most of the starting material had been reduced (E473/E4); = 
2-35; uptake 1-1 mols.). The product, isolated in the usual way, was distributed in a counter- 
current apparatus containing the system ether—buffer (citric acid—phosphate; pH 5). After 
60 transfers, measurement of the ultraviolet absorption of the ethereal layers showed that 
tubes 30—47 contained material with ,,, 273 my while tubes 55—60 contained starting 
material; the intermediate tubes contained mixtures. 

The contents of tubes 30—47 were combined and the ethereal layer was separated, dried, 
and evaporated to small volume; needles of m. p. 98—99° (893 mg.) separated. Further 
concentration of the mother-liquor yielded a second crop, m. p. 90—98° (417 mg.). 

The aqueous layer from tubes 30—47 was acidified and extracted continuously with 
ether for 24 hr. Concentration of the dried ethereal solution gave needles, m. p. 97—98° 
(651 mg.). 

Pure 2-acetyl-5,6-dihydro-4-hydroxy-6-methyl-2-pyrone (Ib), m. p. 98—100°, was obtained 
by recrystallisation from methanol followed by sublimation at 85°/10 mm. (Found: C, 56-9; 
H, 6-0. C,H,.O, requires C, 56-5; H, 5-9%). It gives the following colour reactions (cf. 
alternaric acid *): orange with ferric chloride; wine-red with titanous chloride; transient blue 
with titanous chloride—pyridine. 

In a second experiment complete separation of the product (Ib) was obtained by 90 transfers. 

Acid hydrolysis of the dihydropyrone (Ib). (a) The compound (168-5 mg.) was heated under 
reflux with N-sulphuric acid (20 ml.) in a stream of nitrogen, the issuing gases passing through 
0-1n-barium hydroxide, 1-03 mols. of carbon dioxide were evolved in 4 hr. 

In a separate experiment, with 133 mg., the mixture was extracted with methylene chloride, 


* Grove, J., 1952, 4056. 
* Bartels-Keith, J., 1960, 1662. 
5 de Vrieze, Rec. Trav. chim., 1959, 78, 91. 
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and the solvent was evaporated through a Vigreux column, leaving a residue which on distillation 
gave fractions (i) b. p. 70° (bath)/10 mm., showing strong OH absorption (3450 cm.~!) and a 
single carbony] band (1710 cm.™), and (ii) b. p. up to 120° (bath)/10 mm., with infrared spectrum 
identical with that of 2,3-dihydro-2,6-dimethyl-4-pyrone (IIa) (see below). 

(b) A mixture of the dihydropyrone (Ib) (1-05 g.) and 90% sulphuric acid (2-3 ml.) was 
heated at 120—130° until effervescence had almost subsided (ca. } hr.), cooled, and poured into 
ice-water. The product, isolated with methylene chloride, distilled as a yellow oil, b. p. 100° 
(bath)/10 mm. Two further distillations gave pure 2,3-dihydro-2,6-dimethyl-4-pyrone (IIa), 
n,*-> 1-4908 (Found: C, 66-4; H, 8-0. Calc. for C;H,9O,: C, 66-6; H, 80%), Amax. (in EtOH) 
263 my (¢ 10,500) (in 0-1N-NaOH) 298 mu (¢ 11,000), vag. 3464wk, 1665, and 1608 cm.", giving a 
reddish-violet colour with ferric chloride [semicarbazone, plates, m. p. 177—178° (Found: C, 52-0; 
H, 7-3. CgH,,;0,N,; requires C, 52-4; H, 7-15%); 2,4-dinitrophenylhydrazone, m. p. 151— 
153° (de Vrieze ® gives b. p. 85—86°/14 mm.), 7,”* 1-4952, Amax. 263 my (e 6900); 2,4-dinitro- 
phenylhydrazone, m. p. 152°, for 2,3-dihydro-2,6-dimethyl-4-pyrone]. 

Alkaline hydrolysis. The dihydropyrone (Ib) (174 mg.), treated with N-sodium hydroxide 
under the conditions used for alternaric acid,‘ yielded acetaldehyde dimethone, m. p. and 
mixed m. p. 140—141°, and acetone 2,4-dinitrophenylhydrazone, m. p. and mixed m. p. 
125—126°. 


We are indebted to Mr. B. D. Akehurst for technical assistance. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, AKERS RESEARCH LABORATORIES, 
THE FRYTHE, WELWYN, HERTs. (Received, January 29th, 1960.) 


683. The Preparation of Iodosilanes from Phenylchlorosilanes. 
By B. J. Aytetr and I. A. ELLIs. 


SILYL IODIDE and silylene iodide were first prepared by Emeléus, Maddock, and Reid,} 
using the controlled iodination of silane with hydrogen iodide. The direct reaction of 
silane and iodine at low temperature also yields these compounds.? Any method involving 
silane, however, is somewhat hazardous, and an alternative was sought by which quantities 
of the order of 10 g. of each iodosilane could be made, free from the other members of the 
series. 

The chlorination of phenyltrichlorosilane * yielded mainly chlorophenyltrichlorosilane ; 
this compound was then reduced with lithium aluminium hydride in diethyl ether to give 
chlorophenylsilane. Hydrogen iodide reacted with chlorophenylsilane in a sealed tube at 
room temperature to give mainly chlorobenzene and silyl iodide; no silylene iodide was 


‘detected in the products. The last stage is similar to one mentioned without details by 


Mayo e al.,4 in which silyl bromide was prepared by the reaction of phenylsilane with 
hydrogen bromide. However, phenylsilane and hydrogen iodide would yield an inseparable 
mixture of silyl iodide and benzene, and the initial chlorination was needed to avoid this. 
Some hydrogen was evolved, and this, together with analytical evidence, suggests that the 
involatile residue after fractionation contained a little chlorophenyliodosilane. 
Diphenylsilane similarly reacted with hydrogen iodide to give a mixture of silylene 
iodide, benzene, and traces of hydrogen, silyl iodide, and silicoiodoform. Disproportion 
is thus perceptible in this case, probably as a result of weak complex formation between 


1 Emeléus, Maddock, and Reid, /J., 1941, 353. 
? Sujishi, personal communication. 
: 8 Yakubovitch and Motsarev, Zhur. obshchei Khim., 1956, 26, 568; Doklady Akad. Nauk S.S.S.R., 
953, 91, 277. 
* Mayo, Opitz, and Peake, J. Chem. Phys., 1955, 28, 1344. 
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benzene and silylene iodide; evidence that weak donors have this effect on halogeno- 
silanes has recently been reviewed. Chlorobenzene is a very weak donor, and does not 
appear to cause disproportionation of silyl iodide. 


Experimental.—Preparation of silyl iodide. Phenyltrichlorosilane (25 g.) was purified by 
fractional condensation at —46° in vacuo and chlorinated by Yakubovitch and Motsarev’s 
method.* To the yellowish liquid product was added anhydrous ether (25 ml.); the whole 
was slowly added to a mixture of lithium aluminium hydride (16 g.) and ether (30 ml.) contained 
in a nitrogen-filled three-necked flask fitted with a reflux condenser and guard tube. Reaction 
was very vigorous; after being kept overnight the contents of the flask were nearly solid. All 
volatile products were removed by pumping (6 hr.) and warming of the flask, and after repeated 
fractionation in vacuo yielded a fraction held at —64° [Found: M (vapour), 142+ 1. Calc. 
for Cl-C,H,SiH,: M, 142-7], together with silane (0-070 g.) (Found: M, 33. Calc. for SiH,: 
M, 32-1), ether, chlorobenzene (0-3 g.) (Found: M,112 +1. Calc. forC,H,Cl: M, 112-6), and 
a liquid (2 g.) of low volatility that on hydrolysis yielded hydrogen and dichlorobenzene (possibly 
Cl,C,H,’SiH,). 

The fraction corresponding to chlorophenylsilane was placed in a thick-walled Pyrex tube 
(~100 ml.) in a dry-box, and anhydrous hydrogen iodide (25 g.) distilled in. After being 
sealed, the tube was allowed to warm slowly to room temperature; a clear pale red liquid was 
formed, which evolved gas slightly. After 12 hr., there was no change in colour, but gas 
evolution had stopped. The volatile products were removed and fractionated in vacuo, yielding: 
hydrogen (30 ml. at N.T.P.), excess of hydrogen iodide, silyl iodide (11 g.; 60%) (Found: 
M, 158. Calc. for SiH,I: M, 157-9. V. p. 12:3 cm./0°; m. p. —56° + 2; lit.,1 12-39 cm./0° 
and —57°), chlorobenzene (v. p. 7 mm./16°; lit.,6 7-1 mm./16°), and a liquid held at —23° 
which on alkaline hydrolysis yielded hydrogen, iodide ion, and chlorobenzene (possibly 
CIC,H,’SiH,I). An involatile yellow-green liquid (0-1 ml.) left in the tube was almost all 
soluble in benzene, but gave a little hydrogen on hydrolysis. ' 

Preparation of silylene iodide. Diphenylsilane (20 g.), prepared from diphenyldichlorosilane 
by reduction with lithium aluminium hydride,’ was allowed to react with excess of hydrogen 
iodide as described above. After fractionation, the products were: a trace of silane, excess of 
hydrogen iodide, a mixed fraction A (M, 81-0), benzene, silylene iodide (17 g.; 55%) (Found: 
H, 0-7; I, 89:1%; M, 279+ 5. Calc. for SiH,I,: H, 0-7; I, 89-4%; M, 284. V. p. 38 
mm./0°; lit., 4-2 mm./0°), and an involatile liquid (0-2 ml.) that gave hydrogen, silicate, and 
iodide ion on alkaline hydrolysis (Found: H:I, 1: 2-88. Calc. for SiHI,: 1:3-00). The 
benzene ® and silylene iodide ® had infrared spectra identical with those of the pure materials, 
and fraction A had a spectrum corresponding to a mixture of benzene and silyl iodide.!° The 
fraction was treated with a little water, yielding disilyl ether (infrared spectrum ™), and then 
dried (CaH,) and refractionated. The product (Found: M, 78-3. Calc. for CgH,: M, 78-1) 
consisted only of benzene. 


UNIVERSITY OF ABERDEEN, OLD ABERDEEN, SCOTLAND. (Received, February 4th, 1960.] 


5 Aylett, J. Inorg. Nuclear Chem., in the press. 

* Dreisbach and Martin, Ind. Eng. Chem., 1949, 41, 2875. 
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684. Solanum Alkaloids. Part XIV.* The NH Stretching Intensities 
of Solasodine, Tomatidine, and Some Derivatives. 


By L. H. Brices, L. D. CoLEBRoox, H. K. MiLieEr, and Y. Sato. 


In our studies on Solanum alkaloids we have found that the NH stretching band of the 
secondary amino-group cannot be detected in the infrared spectra of these compounds 
under normal conditions: it appears only when exceptional concentrations or cell iengths 
are used. 

Bellamy * lists the NH stretching vibration of secondary amines as a single band of 
medium intensity at 3500—3300 cm.+. Jones and Sandorfy ? list the range 3500—3400 
cm. for the free NH stretching band of secondary amines. Marion, Ramsay, and 
Jones * give a range, 3480—3440 cm.", for the same group, but they note that while 


(11) (111) 


the band persists in piperidine and related structures with much reduced intensity 
in some cases it cannot be detected in chloroform solution. Our present results are in 
agreement. 

It was first observed that solaso-3,5-diene (I; 20«, 22a, 25p) (Nujol mull; sodium 
chloride prism) failed to absorb in this region. “ «”-Solasodan (II; R! = R? = H; 
5a, 20x, 22a, 25p), “8 ”’-solasodan (II; R! = R?= H; 58, 20a, 22a, 25p), and solaso- 
3,5-diene, lacking hydroxyl groups which, in some circumstances, could possibly mask 
NH absorption, were then examined in potassium bromide discs in the range 5000—2600 
cm., with a lithium fluoride prism in a Beckman IR-2 spectrophotometer. “ «’’- 
Solasodan and solaso-3,5-diene were also examined in carbon tetrachloride solution. 
Concentrations were selected so that the intensity of the CH stretching absorption was 
about 95%. Under these conditions no NH absorption was observed. However, 
saturated solutions of “‘ «’’-solasodan and solaso-3,5-diene in carbon tetrachloride in a 
1:05 mm. cell exhibited definite but weak NH stretching bands at 3360 and 3351 cm.+ 
respectively. 

Solasodine (II; A5; R! = 6-OH, R?=H; 20a, 22a, 25p), tomatidine (II; R? = 
8-OH, R? = H; 5a, 20a, 22a, 251), and some of their derivatives, however, required a cell 
length of 20 mm. owing to their low solubility in carbon tetrachloride and carbon di- 
sulphide. A Beckmann IR-7 prism-grating instrument was used for this section of the 
work. Under these conditions compounds with a free NH group show a sharp but weak 
band at 3373—3334 cm. (see Table). For comparison, piperidine and morpholine are 
included in the Table. 


* Part XIII, J., 1958, 1422. 


on 1 Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,”” Methuen, London, 2nd edn., pp. 251— 
52. 

® Jones and Sandorfy, in ‘‘ Technique of Organic Chemistry,”’ ed. Weissberger, Interscience Publ., 
Inc., New York, 1956, Vol. IX, p. 511. 

* Marion, Ramsay, and Jones, J. Amer. Chem. Soc., 1951, 78, 305. 
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Compound Solvent NH stretch (cm.-) Compound Solvent NH stretch (cm.-) 
Piperidine ¢ 3343 Solaso-3,5-diene CCl, 3351 

be . 3334 Tomatidine cs, 3336 
Morpholine 3338 Dihydrotomatidine ® CCl, 3373 
Solasodine 3348 


* When kept, solutions of piperidine in carbon tetrachloride become cloudy through the formation 
of piperidine hydrochloride. * Dihydrotomatidine (III; R! = B-OH, R? = R? =H; 5a, 20a, 22a, 
25L). * 0-12 mm. cell. 


An indication that this absorption is indeed attributable to the NH stretching vibration 
follows from a consideration of compounds belonging to the solasodine and tomatidine 
series in which the amine-hydrogen atom has been replaced, e.g., N-methyltomatidine 
(II; R'=6-OH, R?= Me; 5a, 20a, 22a, 251), acetyl-N-methylsolasodine (II; A‘; 
R! = OAc, R? = Me; 20a, 22a, 25p), diacetylsolasodine (II; A5; R! = OAc, R? = Ac; 
20a, 22a, 25D), triacetyldihydrosolasodanol (III; R! = OAc, R? = R?= Ac; 5, 20a, 
22a, 25p), and 30,N-diacetyldihydrosolasodanol (III; R!= OAc, R? =H, R* = Ac; 
5a, 20a, 22a, 25D). None of these compounds has any absorption in the 3373—3334 cm. 
region except the last, which shows a strong, bonded hydroxyl band at 3366 cm.*. 


Assistance is gratefully acknowledged from the Chemical Society, the Rockefeller Foundation 
of New York, the Australian and New Zealand Association for the Advancement of Science, 
and the Research Grants Committee of the University of New Zealand. 
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685. The Characterisation of «-Methyl-levulic Acid. 


By R. BRETTLE. 


a-METHYL-LEVULIC ACID has been characterised in the past by several ketonic derivatives. 
Of these, the phenylhydrazone is unstable! and the p-(+-)-tartramazone®? relatively 
inaccessible, whilst the m. p. of the semicarbazone is recorded }}*4 variously as 177—178°, 
182—183°, and 191—192°. Recent workers have characterised «-methyl-levulic acid as the 
2,4-dinitrophenylhydrazone.®5 

Although the acid with Brady’s reagent ® at 20° gave the 2,4-dinitrophenylhydrazone, 
a warm solution of 2,4-dinitrophenylhydrazine in ethanolic sulphuric acid readily converted 
a-methyl-levulic acid into the ethyl ester 2,4-dinitrophenylhydrazone. Lzvulic acid,’ and 
some other keto-acids,§ behave similarly. To avoid possible esterification, the 2,4-dinitro- 
phenylhydrazone of «-methyl-levulic acid was crystallised from nitroethane rather than 
from ethanol. 


1 Braude and Timmons, J., 1953, 3313. 
2 Wiley, Gerzon, Flynn, Sigal, Weaver, Quarck, Chauvette, and Monahan, J. Amer. Chem. Soc., 
1957, 79, 6062. 
Nazarov and Elizarova, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1951, 295. 
Behal, Bull. Soc. chim. France, 1901, 25, 245. 
Djerassi, Halpern, Wilkinson, and Eisenbraun, Tetrahedron, 1958, 4, 369. 
Brady, J., 1931, 756. 
Strain, /. Amer. Chem. Soc., 1935, 57, 758. 
Cf. Cook and Linstead, /., 1934, 946; Drayson, Lewis, and Polgar, J., 1958, 430. 
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a-Methyl-levulic acid has now also been characterised through the carboxyl function 
as the p-bromophenacy] ester and the S-benzylthiouronium salt. , 


Experimental.—Derivatives of «-methyl-levulic acid. Ethyl 2-acetylbut-2-enoate, b. p. 
105—110°/20 mm., was prepared in 44% yield by condensation of acetaldehyde and ethyl 
acetoacetate in the presence of piperidine at —10°. Knoevenagel ® gives b. p. 107°/20 mm. 
a-Methyl-levulic acid, b. p. 142—144°/16 mm., was prepared from the unsaturated ester by 
Huan’s method # in 41% yield. Huan” gives b. p. 138—141°/11 mm. The 2,4-dinitro- 
phenylhydrazone, prepared by adding a cold ethanolic solution of the acid to Brady’s reagent ® 
at 20°, was crystallised three times from nitroethane and then had m. p. 188—189° (Found: 
C, 46-3; H, 4:4; N, 17-9. Calc. for C,,H,,O,N,: C, 46-45; H, 4-5; N, 18-1%). Wiley and his 
co-workers # give m. p. 190—194°. Djerassi and his co-workers ° give m. p. 191—192°. When 
a-methyl-levulic acid was added to Brady’s reagent ® at 40° the product, obtained as orange 
needles by crystallisation from ethanol, was the ethyl ester 2,4-dinitrophenylhydrazone, m. p. 90° 
(Found: C, 49-8; H, 5:4; N, 16-7. C,,H,,O,N, requires C, 49-7; H, 5-3; N, 166%). The 
p-bromophenacyl ester had m. p. 76° after crystallisation successively from ethanol and aqueous 
acetone (Found: C, 51-6; H, 4-4; Br, 24-4. C,,H,,0,Br requires C, 51-4; H, 4-6; Br, 244%). 
The S-benzylthiouronium salt had m. p. 124° after crystallisation from water (Found: C, 57-0; 
H, 6-8; N, 9-6; S, 11-0. C,4gH,,0,N.S requires C, 56-75; H, 6-8; N, 9-5; S, 10-8%). 


DEPARTMENT OF BIOCHEMISTRY, OXFORD UNIVERSITY. [Received, March \st, 1960.} 


® Knoevenagel, Ber., 1898, 31, 730. 
1 Huan, Bull. Soc. chim. France, 1938, 1341. 


686. <Aitempted Reduction of Rhodium Tetrafluoride and 
Platinum Tetrafluoride with Selenium Tetrafluoride. 


By M. L. Harr and P. L. Rosinson. 


SELENIUM TETRAFLUORIDE has been used as a mild reducing agent for fluorides by 
Hepworth, Robinson, and Westland,’ and its application by Bartlett and Hepworth 2 
produced pure palladous fluoride. Attempts to reduce rhodium tetrafluoride and 
platinum tetrafluoride in a similar way led to the isolation of the complexes (RhF,),,SeF,, 
and PtF,,2SeF,. Although both these complexes underwent thermal decompositon, in 
neither instance was a lower fluoride isolated; the former gave a dark-coloured mixture of 
rhodium trifluoride and rhodium metal, the latter was reduced directly to metallic 
platinum. 


Experimental.—Rhodium tetrafluoride was prepared by the action of bromine trifluoride on 
rhodium tribromide and, after the excess of bromine trifluoride had been removed, selenium 
tetrafluoride was condensed upon it. When refluxed at atmospheric pressure, the selenium 
tetrafluoride reacted with the rhodium tetrafluoride, without dissolving it, to give a pale pink 
solid. Analysis indicated the compound (RhF,),,SeF,; the colour is understandable since 
Sharpe’s unstable RhF,-BrF, complex was pink.® 

The complex readily dissolved in aqueous sodium carbonate. The solution was divided into 
three portions: rhodium was determined as the metal by direct precipitation from the boiling 
solution with formic acid, selenium as the element by reduction with sulphur dioxide in hydro- 
chloric acid solution, and fluorine as lead chlorofluoride [Found: Rh, 41-1; Se, 15-1; F, 44-9. 
(RhF,),,SeF, requires Rh, 40-1; Se, 15-4; F, 44-5%]. 


1 Hepworth, Robinson, and Westland, Chem. and Ind., 1955, 1156. 
® Bartlett and Hepworth, Chem. and Ind., 1956, 1425. 
% Sharpe, J., 1950, 3444. 
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Platinum tetrafluoride was prepared from bromine trifluoride and platinous bromide after 
Sharpe’s method.’ Selenium tetrafluoride in an excess was condensed on to the pale brown 
platinic fluoride. Reaction was slow at room temperature but on warming proceeded more 
quickly, converting the platinic fluoride into a cream-coloured solid without its appearing to 
dissolve in the selenium tetrafluoride. Removal of the excess of reagent under reduced pressure 
left a solid, PtF,,2SeF,. On heating, this decomposed, leaving metallic platinum. 

The complex fumed in moist air and was hydrolysed vigorously by water to a yellow solution 
from which, on acidification with hydrochloric acid, both platinum and selenium were 
precipitated, the former by zinc and the latter by sulphur dioxide. Acidification of the solution 
with sulphuric acid and distillation gave a distillate from which the fluorine was precipitated as 
lead chlorofluoride (Found: Pt, 34:9; Se, 28-4; F, 36-0. PtSe,F,) requires Pt, 35-9; Se, 29-1; 
F, 35-0%). 


This work was carried out during the tenure of a Salters’ Scholarship (M. L. H.). 


KinG’s COLLEGE, NEWCASTLE UPON TYNE. (Received, March 8th, 1960.] 


687. (-Aroylpropionic Acids. Part XVII.* Establishment of the 
Structure of $-(2-Hydroxy-p-toluoyl)propionic Acid. 


By A. M. Et-Appapy, F. G. BApDpaAR, and A. LABIB. 


THE acid, m. p. 154°, obtained by Raval, Bokil, and Nargund! from succinic anhydride 
and m-cresol in presence of anhydrous aluminium chloride;-was supposed by them to be 
§-(2-hydroxy-4-toluoyl)propionic acid (I) from the bluish-brown colour it gives with 
alcoholic ferric chloride; but, they did not rigidly establish its structure. The present 
investigation confirmed this structure by the following two routes; (i) Treatment with 
methyl sulphate gave the corresponding methoxy-ester whence alcoholic potassium 
hydroxide generated the methoxy-acid which was oxidised by alkaline potassium 
permanganate to methoxyterephthalic acid (II). (ii) The methoxy-acid from (I) was 
reduced by Clemmensen’s method to y-(2-methoxy-4-tolyl)butyric acid (III) which was 
cyclised to the tetralone (IV). 


OMe meQ CH 


MeO 
COW SCH, 
—> 
HO,C ps Mew Me 
(II) 


CO,H 
(III) av) ? 


Experimental.—Methyl B-(2-methoxy-4-toluoyl) propionate (I). The acid ? (5 g., 1 mol.) was 
boiled for 12 hr. with methyl sulphate (12 g.) and anhydrous potassium carbonate (30 g.) in 
acetone (15 ml.). The product (5-1 g., 83%), crystallised from benzene-light petroleum (pb. p. 
60—80°), had m. p. 65—66° (Found: C, 66-3; H, 7-0. C,,;H,,O, requires C, 66-1; H, 6-8%). 

The ester was boiled with 3% alcoholic potassium hydroxide for 2 hr. The methoxy-acid 
(4-4 g.), crystallised from benzene, had m. p. 127—128° (Found: C, 64:7; H, 6-0. C,,H,,O, 
requires C, 64-85; H, 6-35%). 

Oxidation of B-(2-methoxy-4-toluoyl)propionic acid. -(2-Methoxy-4-toluoyl)propionic acid 


* Part XVI, J., 1960, 2556. 


1 Raval, Bokil, and Nargund, J. Univ. Bombay, 1938, 7, 184. 
* Awad, Baddar, and Marei, J., 1954, 4538. 
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(1 g.), 3% potassium hydroxide solution (40 ml.), and potassium permanganate (3 g.) were 
heated on a boiling-water bath for 1 hr. The manganese dioxide was dissolved by adding 
sodium hydrogen sulphite, and the solution was cooled in ice, then acidified with concentrated 
hydrochloric acid. The precipitated acid (0-6 g.), when crystallised from water, gave methoxy- 
terephthalic acid (II), m. p. 286—288°, undepressed on admixture with an authentic 
specimen (lit. m. p. 277—279°) (Found: C, 55-0; H, 4-05. Calc. for C,H,O,: C, 55-1; 
H, 41%). 

(2 Methozy-h-toly) butyric Acid (111). The acid (I) (2 g.) was reduced by Martin’s modified 
Clemmensen’s method (30 hours’ reflux). The precipitated acid (1-8 g.) was crystallised from 
light petroleum (b. p. below 40°) to give y-(2-methoxy-4-tolyl) butyric acid, m. p. 54—55° (Found: 
C, 68-8; H, 7-9. C,,H,,O, requires C, 69-2; H, 7-7%). 

5-Methoxy-7-methyl-1\-tetralone (IV). The butyric acid (III) (1 g.) was refluxed with phos- 
phorus oxychloride (0-5 ml.) in tetrachloroethane (10 ml.) for 2hr. The mixture was hydrolysed 
with cold water, then steam-distilled. 5-Methoxy-7-methyl-1-tetralone was obtained as a light 
yellow oil, b. p. 150—152°/5 mm. It gave a 2,4-dinitrophenylhydrazone, m. p. 223—224° (from 
acetic acid) (Found: C, 58-1; H, 4:8; N, 14:9; OMe, 8-0. (C,,H,,0O;N, requires C, 58-4; H, 
4-9; N, 15-1; OMe, 84%). 


Microanalyses are by Dr. A. Bernhardt, Max-Plank-Institut, Mulheim (Ruhr). 


CHEMISTRY DEPARTMENTS, 
FACULTY OF SCIENCE AND UNIVERSITY COLLEGE FOR GIRLS. 
Atn-SHAMS UNIVERSITY, Carro, Ecypt, U.A.R. [Received, March 10th, 1960.] 


3 Schall, Ber., 1879, 12, 828. 





688. An Improved Synthesis of Phenyl «-p-Galactopyranoside. 
By M. J. CLANcy. 


PHENYL «-D-GALACTOPYRANOSIDE is an important substrate in the study of galactosidases 1 
and a convenient preparation of this compound in good yield is here described. The 
galactoside has been obtained in low yield by de-O-acetylating the product of the reaction 
between tetra-O-acetyl-«-D-galactopyranosyl bromide and phenol catalysed by quinoline.? 
It has also been synthesised by condensing phenol with penta-O-acetyl-8-p-galactose * or 
penta-O-acetyl-«-pD-galactose,* with zinc chloride as catalyst in both cases. The product 
is then de-O-acetylated. The use of penta-O-acetyl-«-D-galactose introduces an additional 
stage since this compound is prepared from its f-anomer.5 The yields obtained in these 
preparations were not recorded, but Professor Courtois informs us that an overall yield 
of 15% is usual in the case of the preparation via the «-anomer. 
Penta-O-acetyl-$-pD-galactose was condensed with phenol in the presence of zinc 
chloride * under reduced pressure ® to give an approximately 7 : 3 mixture of phenyl tetra- 
O-acetyl-x- and -$-p-galactopyranosides; its resolution by recrystallisation is wasteful,” 
while fractionation of the de-O-acetylation products is frustrated by the crystallisation 
of phenyl «-p-galactopyranoside as a molecular compound with its 6-anomer.’? However, 


1 Courtois, Proc. 4th Internat. Congr. Biochem., Vienna, 1959, Vol. I, p. 140. 

* Helferich and Bredereck, Annalen, 1928, 465, 166. 

* Helferich and Schmitz-Hillebrecht, Ber., 1933, 66, 378. 
Anagnostopoulos, Courtois, and Petek, Arch. Sci. biol., Italy, 1955, 39, 631. 
Hudson and Parker, J. Amer. Chem. Soc., 1915, 37, 1589. 
Shishido, J. Soc. Chem. Ind., Japan, 1936, 39, 217; Chem. Abs., 1936, 30, 7118. 
Helferich, Ber., 1944, 77, 194. 
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we have taken advantage of the fact that while phenyl «- and 8-p-galactopyranosides are 
both converted by alkali into 1,6-anhydro-8-p-galactopyranose, the @-anomer reacts 
thus much faster. Accordingly, simultaneous de-O-acetylation of the mixture of acetates 
and complete conversion of the 8-anomer into the sugar anhydride was accomplished when 
the mixture was treated with alkali. Excellent separation of 1,6-anhydro-$-p-galacto- 
pyranose from phenyl a-D-galactopyranoside was then achieved by chromatography on 
charcoal. The yield of pure galactoside in this second reaction was 56%, or 80°, based 
on the calculated content of the a-anomer in the mixture of the acetates. The overall yield 
of the galactoside from penta-O-acetyl-8-p-galactose was 47%. 


Experimental.—Methods. All solutions were evaporated under reduced pressure below 40°, 
Paper partition chromatography was carried out on Whatman no. 3MM paper with the 
following solvent systems (a) butan-l-ol—acetic acid—water (4: 1:5, v/v),® and ethyl acetate- 
pyridine—-water (10:4:3, v/v).2%° Papers were sprayed with the silver nitrate—-sodium 
hydroxide reagent.™ 

Synthesis of phenyl a-p-galactopyranoside. A mixture of penta-O-acetyl-8-p-galactose 
{m. p. 142—144°, [aJ,,2° + 23° (in CHCI,; ¢ 1-6)} (111 g.), phenol (100 g.), and freshly fused zinc 
chloride (25 g.) was heated at 120° + 5° under a water-pump vacuum for 2-5 hr. After the 
mixture had cooled, benzene (1 1.) was added. The pink precipitate was removed on the centri- 
fuge and washed with benzene (100 ml.)._ The clear colourless supernatant liquids were washed 
first with water (150 ml.) and then with ice-cold 5% (w/v) aqueous sodium hydroxide (5 x 150 
ml.), washed again with water until free from alkali, and dried (CaCl,). When the benzene was 
removed in vacuo on a water-bath, spontaneous crystallisation gave a mixture of phenyl tetra- 
O-acetyl-a- and -f-p-galactopyranoside (102 g., 85%) having [a],!7 +124° (in CHCl,; ¢ 3). 
Deacetylation of a sample revealed phenyl galactoside and a trace of galactose. 

The mixed acetates (100 g.) were suspended in 1-3N-potassium hydroxide (3-5 1.) and heated 
on a boiling-water bath for 18 hr. (dissolution was complete in 0-5 hr.). The mixture was 
cooled in an ice-bath, neutralised to pH 6-4 with 6N-sulphuric acid with stirring, and adsorbed 
on a column (87 x 7-6 cm.) of equal parts by weight of B.D.H. activated charcoal powder and 
Celite 535,32 which had previously been washed with water to remove acidic impurities. 
Fractions were collected (500 ml. each) and the optical rotations of each fraction determined. 
The column was eluted with water (8 1.) until sulphate was removed and then by gradient 
elution with aqueous ethanol (V = 20 1. and X = 0-5 in the formula of Alm, Williams, and 
Tiselius 1%), 

The second peak of optically active material (fractions nos. 18—35) was due to 1,6-anhydro- 
6-p-galactopyranose (8-5 g.) mixed with traces of unidentified oligosaccharides. Recrystal- 
lisation from aqueous ethanol gave a chromatographically pure compound, softening at 155° 
and melting at 222—224°, [a],,2° —21-3° (in H,O; c 1-1) {lit.,8 m. p. 221°, [a|,, —22° (in H,O; 
c 2)}. 

Se third peak (fractions nos. 39—43), at about 10% ethanol, was due to a mixture (323 
mg.) of oligosaccharides and had [a],® + 122° (in H,O; ¢ 1-3). 

Pure phenyl «-p-galactopyranoside was obtained on concentration of the eluate of the 
fourth peak (fractions nos. 57—91), at 25—30% ethanol. The solid residue was extracted with 
hot ethanol and filtered; on slow evaporation phenyl «-p-galactopyranoside monohydrate 
(36 g., 55-8%) was obtained, having m. p. 143—145°, [a],,** +196 (in H,O; c 0-6). A sample 
dehydrated in vacuo at 85° for 2 days had m. p. 143—145°, [a],,2° + 214° (in H,O; c 1-4) (lit.,* 
m. p. 143—145°, [a],2* + 213°). 

The «-galactoside was completely hydrolysed by the a-galactosidase of brewer's 
bottom yeast,* and was quantitatively recovered from charcoal with 25% (v/v) aqueous 
ethanol. 


8 Montgomery, Richtmyer, and Hudson, J]. Amer. Chem. Soc., 1943, 65, 3. 
* Partridge, Biochem. ]., 1948, 42, 238. 

10 Whistler and Hickson, Analyt. Chem., 1955, 27, 1514. 

11 Trevelyan, Procter, and Harrison, Nature, 1950, 166, 444. 

12 Whistler and Durso, ]. Amer. Chem. Soc., 1950, 72, 677. 

13 Alm, Williams, and Tiselius, Acta Chem. Scand., 1952, 6, 826. 

4 Clancy and Whelan, forthcoming paper. 
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The author is grateful to Dr. W. J. Whelan for advice and encouragement, Miss Patricia 
Landau for technical assistance, and the Department of Scientific and Industrial Research for 
a Special Research Grant. 


Tue LIsTER INSTITUTE OF PREVENTIVE MEDICINE, 
Lonpon, S.W.1. [Received, March 17th, 1960.) 


689. Organogermanium Compounds. Part II... The Preparation 
of Triethyl-m- and -p-nitrophenylgermane. 


By C. Easorn, K. LEysHon, and K. C. PANDE. 


TRIMETHYL-p-NITROPHENYLSILANE was prepared in high yield by nitrodesilylation of 
p-bistrimethylsilylbenzene by nitric acid in refluxing acetic anhydride? We have now 
obtained the first (nitroaryl)germanium compounds, triethyl-m- and -p-nitrophenyl- 
germane, by the analogous reaction, nitrodegermylation, of m- and /-bistriethylgermy]l- 
benzene with nitric acid in acetic acid—acetic anhydride at 100°. The yields (51 and 63%) 
were lower than from nitrodesilylation, partly because smaller quantities of the germanium 
compounds were taken and mechanical losses during fractionation were thus more serious. 

Acid-cleavage of one aryl-GeEt, bond of bistriethylgermylbenzene, followed by 
nitration of the triethylphenylgermane produced, would cause contamination of the desired 
products by isomeric compounds. For the following reasons, we believe that the materials 
we have made are free from isomers: (i) Within the limits of the pressure control, the 
products boiled at a constant temperature during fractionation, and no significant amount 
of material boiled close to the main fraction. The fractionation was probably efficient 
enough to have revealed the presence of any triethyl-o-nitrophenylgermanes. (ii) If any 
triethylphenylgermane were formed, it would undergo both acid-cleavage (to give benzene 
which would then be nitrated to nitrobenzene) and nitrodegermylation (again to give 
nitrobenzene) almost as readily as does m- or p-bistriethylgermylbenzene. No nitro- 
benzene was detected in the products. (iii) Under the conditions used, nitrodesilylation of 
aryltrimethylsilanes occurs to the exclusion of acid-cleavage (protodesilylation),? and 
cleavages of aryl-Ge bonds show close similarity to those of aryl-Si bonds. 


Experimental.—A precision-made Vigreux column (ca. 18 theoretical plates) was used for 
fractionation. 

p-Bistriethylgermylbenzene. From bromotriethylgermane (11 g.) and the aryl-lithium from 
p-bromophenyltriethylgermane (17 g.) and lithium (2 g.) in ether (75 ml.), there was obtained, 
by the usual procedure,! p-bistriethylgermylbenzene (17-5 g., 90%), b. p. 157—158°/2—3 mm., 
n,*° 15218 (Found: C, 54-9; H, 8-6. C,,H,,Ge, requires C, 54-7; H, 8-7%). 

m-Bistriethylgermylbenzene. A mixture of m-chlorophenyltriethylgermane (21-5 g.) and 
bromotriethylgermane (20 g.) was added to sodium (4 g.) in boiling toluene (120 ml.). The 
mixture was refluxed and stirred far 4 hr., and then filtered. The filtrate was fractionated to 
give m-bistriethylgermylbenzene (16 g., 64%), b. p. 149°/1-8 mm., ,”° 1-5177 (Found: C, 54-6; 
H, 8-7%). A liquid (10 g.), b. p. 93—95°/2 mm., was also obtained. 

Triethyl-m- and -p-nitrophenylgermane. To a stirred solution of p-bistriethylgermylbenzene 
(13-7 g.) in acetic acid (40 g.) kept at 100°, a solution of nitric acid (6-3 g. of 70% acid; 0-07 mole) 
in acetic anhydride (30 g.) was added dropwise at such a rate as to keep the mixture at 100° 


1 Part I, Eaborn and Pande, J., 1960, 3200. 
? Deans and Eaborn, J., 1957, 498. 
* Leyshon, unpublished work. 

* Eaborn and Pande, /., in the press. 








3424 Notes. 


(+5°). The mixture was kept at 100° for a further 6 hr., and then was cooled and added toa 
solution of sodium hydroxide (70 g.) in water (400 ml... Ether extraction followed by washing, 
drying (Na,SO,), and fractionation of the extract gave triethyl-p-nitrophenylgermane (6-1 g., 
63%), b. p. 118—120°/0-3 + 0-1 mm., m,% 1-5410 (Found: C, 51-6; H, 69; N, 47, 
C,,H,,0O,.NGe requires C, 51-2; H, 6-8; N, 5-0%). 

From m-bistriethylgermylbenzene (15-2 g.) there was similarly obtained triethyl-m-nitro- 
phenylgermane (5-5 g., 51%), b. p. 122—124°/0-5—0-6 mm., n,,”° 1-5365 (Found: C, 51-4; H, 
6-8; N, 4:8%). 


This work was supported and sponsored in part by the U.S. Department of Army through 
its European Research Office. 


THE UNIVERSITY, LEICESTER. (Received, March 21st, 1960.] 
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690. Stereochemistry and Infrared Spectra of «8-Unsaturated 
Ketones. 


By R. L. Erskine and E. S. WaAIGHrT. 


The infrared spectra of some fixed cisoid and transoid «$-unsaturated 
ketones have been examined. It is concluded that the ratio of the integrated 
band intensities of the C=O and C=C stretching vibrations gives the most 
certain indication of the geometry of the chromophore, being low in cisoid 
and high in tvansoid structures. The effect of steric hindrance to coplanarity 
of the chromophore on the infrared spectra is discussed. 


Tue infrared spectra of some polycyclic rigidly cisoid «B-unsaturated ketones are charac- 
terised by absorption bands attributable to C=O and C=C stretching vibrations which are 
of nearly equal peak height (e*),1 whereas in rigidly transoid systems the C=O band is much 
the stronger. As examples we may quote cholest-5-en-4-one, having r = e*go/e%gg = 1-5, 
and cholest-4-en-3-one, with 7 = 7-6. The intensity relation holds for some labile 
s-cis-ketones such as mesityl oxide (ry = 1-2), but not for others, ¢.g., 3,4-dimethylpent-3- 
en-2-one (ry = 4-2).2, The C=C band of the last compound, and also of 1-acetyl-2-methyl- 
cyclohexene and the fixed cisoid ketone pulegone, is very broad.2, We have prepared 
some other fixed cisoid ketones and have compared their infrared spectra with the spectra . 
of some appropriate fransoid ketones. 


EXPERIMENTAL 


Microanalyses are by Miss J. Cuckney and the staff of the Organic Microanalytical 
Laboratory. 

Materials —The ketones were prepared by standard methods, or suitable modifications 
thereof, and purified as detailed below. 

2-Methylenecyclopentanone. A mixture of piperidine hydrochloride (29 g.), 40% aqueous 
formaldehyde (24 g.), cyclopentanone (20 g.), and dioxan (50 ml.) was heated on a steam-bath 
for 24 hr., then evaporated under reduced pressure. The residue crystallised and was boiled 
with acetone (100 ml.). The acetone extract gave on evaporation a pale brown solid, m. p. 
90—120° (28 g.), which was rejected; the insoluble residue was again extracted with boiling 
acetone. Evaporation of the second extract gave a white solid (8-2 g.), m. p. 142—143° 
(decomp.). Mannich and Schaller * give m. p. 145° for pure 2-piperidinomethylcyclopentanone. 
Without further purification this material was heated for 2 hr. at 150—180°/0-2 mm., and the 
vapours were collected in a trap cooled by liquid air. The condensate was redistilled at 
40°/0-2 mm. into a series of three liquid-air-cooled traps, and each fraction examined by infra- 
red spectroscopy. The first was deemed to be pure 2-methylenecyclopentanone and had vigx 
(in CCl,) 1727vs, 1644s, 1406m, 1392m, 1252m, 1169m, 1122m, 1084s, 941s cm.-!. The ketone 
dimerised too rapidly for elemental analysis. 

2-Methylenecyclohexanone. 2-Piperidinomethylcyclohexanone,‘ m. p. 160° (decomp.) (from 
acetone-ethanol), was heated at 150—180°/0-2 mm. for 2 hr. Piperidine hydrochloride 
sublimed to cool parts of the apparatus, and the more volatile products were condensed at — 196°. 
The condensate was distilled, without release of the vacuum, into a second trap at — 196°, and 
small portions (ca. 30 mg.) were injected by means of a hypodermic syringe into known weights 
of (a) carbon tetrachloride and (b) ethanol, contained in weighing bottles sealed by soft-rubber 
caps. The bottles were re-weighed and the solutions diluted as required for infrared and ultra- 
violet spectroscopy. The liquid ketone dimerises with extreme rapidity at room temperature 5 
and it was never possible to obtain a product completely free from dimer. The light-absorption 
data have been corrected for the amount of dimer, as determined by the intensity of the band 


1 Barton and Narayanan, J., 1958, 963, and references therein. 

* Waight and Erskine, “‘ Steric Effects in Conjugated Systems,” ed. Gray, Butterworths, London, 1958, 
p. 73. 
8 Mannich and Schaller, Arch. Pharm., 1938, 276, 575. 
* Mannich, Ber., 1920, 58, 1874; Mannich and Hornig, Arch. Pharm., 1927, 265, 603. 
5 Mannich, Ber., 1941, 74, 557; Warnhoff and Johnson, J. Amer. Chem. Soc., 1953, 75, 496. 
5s 
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at 1727 cm. (pure dimer has e* = 410, in CCl,). The monomer is considered to have v,,,, (in 
CCl,) 1697vs, 1618s, 1439m, 1414m, 1290s, 1135s, 1069m, 993m, 940s, 884m cm.*. 
2-Methylenecycloheptanone. 2-Piperidinomethylcycloheptanone (16 g.), m. p. 156°, prepared 
by the method used for the cyclohexanone analogue, was heated for 1-5 hr. at 170—180°/0-1 mm, 
The vapours were collected (liquid-air trap) and the crude product immediately redistilled in a 
conventional micro-distillation apparatus. The fraction, b. p. 75°/14 mm., was shown by gas- 
liquid chromatography to be a mixture of the required product and cycloheptanone. Chrom- 
atography on alumina (Brockmann grade 4) gave a band which was eluted with 1: 25 ether- 
pentane. Evaporation of the eluate gave a residue, shown by gas-liquid chromatography to 
be homogeneous, which on distillation gave 2-methylenecycloheptanone, b. p. 80—82°/14 mm., 
n,** 1-4825 (Found: C, 77-2; H, 9-8. C,H,,O requires C, 77-4; H, 9-7%), vmax, (in CCl,) 1694vs, 
1613s, 1456s, 1404m, 1333m, 1304m, 1190m, 1143m, 1105m, 942s cm.. 
2-Isopropylidenecyclopentanone.* Ethyl 2-oxocyclopentanecarboxylate,’ prepared by Dr. R. 
Houghton, was converted into ethyl 2-ethylenedioxycyclopentanecarboxylate (75%), b. p. 132— 
136°/21 mm., ”,*4 1-4600 (Found: C, 59-75; H, 8-2. Cj, 9H,,O, requires C, 60-0; H, 8-05%), 
which on reaction with methylmagnesium iodide yielded 2-isopropylidenecyclopentanone. 
Purification via the semicarbazone, m. p. 228° (decomp.; m. p. varies with rate of heating), 
undepressed on admixture with a sample supplied by Dr. M. F. Ansell, gave the ketone, b. p. 
88-0—88-5°/21 mm., ,”* 1-4961, shown to be pure by gas-liquid chromatography and having 
an infrared spectrum identical with that of a specimen supplied by Dr. Ansell.* The intensity 
of the C=O band differs markedly from that reported by Horak and Munk ® for a solution in 
chloroform, and the ultraviolet intensity (see Table 1) is considerably higher than the value 
given by French and Wiley ® but in good agreement with Ansell and Brown’s figure. 
2-Isopropylidenecycloheptanone. This was obtained from ethyl 2-oxocycloheptanecarb- 
oxylate," via the ethylenedioxy-derivative. Regeneration from the semicarbazone, m. p. 182— 
183° (from aqueous ethanol), Amax, 240 mu (ec 10,600) (Found: C, 63-4; H, 9-2; N, 20-3. 
C,,H,,N,O requires C, 63-15; H, 9-15; N, 20-1%), 
n,,** 1-4943 (Found: C, 78-7; H, 10-9. C, 9H,,O requires C, 78-9; H, 10-6%). 
Pulegone. A commercial specimen, purified through the sémicarbazone, had b. p. 69-5°/5 
mm., ,”° 1-4849. 
2-Benzylidenecycloalkanones. These were prepared by condensation of benzaldehyde and 
the cycloalkanone in presence of alkali, followed where necessary by dehydration of the inter- 
mediate ketol. 2-Benzylidenecyclopentanone had m. p. 71° (from methanol) (Vavon and 
Conia * give m. p. 71—72°), Amax, 297, 230, 224 my (ce 21,600, 6300, 6600, respectively). 
2-Benzylidenecyclohexanone had rm. p. 52—53° (from light petroleum) (recorded m. p.s from 
51—53° to 56-5° 113), X45 288, 222 my (e 19,000, 7400). 2-Benzylidenecycloheptanone had 
m. p. 37-5—38° (from pentane), Amax, 283, 221 my (e 14,500, 6600) [lit.,44 m. p. 37-5°, Amax, 290, 
281, 270 my (e 13,500, 14,500, 14,000)}.  2-Benzylidenecyclo-octanone, prepared by Dr. R. 
Houghton," had m. p. 76—77°. 
3-Methylcyclopent-2-enone. This was obtained by the action of boiling aqueous sodium 
hydroxide on acetonylacetone.4* Regeneration from the semicarbazone, m. p. 219—221° 
(decomp.), gave the pure ketone, b. p. 63°/10 mm., ”,1 1-4868. 
Isophorone. A commercial sample was purified via the semicarbazone and then had b. p. 
94°/16 mm., ,,"* 1-4778. 
2,3,5,5-Tetramethylcyclohex-2-enone. A mixture of this ketone and isophorone, obtained 
by Conia’s method,” was purified by gas-liquid chromatography. The fraction of longer 
retention time was shown to be homogeneous on an analytical gas-liquid chromatographic 
column. Conia gives b. p. 90°/8 mm., 7,2" 1-4798, Amax. 247 my (e 9600). 
* Cf. Black, Buchanan, and Jarvie, J., 1956, 2971. 
7 Linstead and Meade, J., 1934, 935. 
Ansell and Brown, /., 1958, 2955. 
Horak and Munk, Coll. Czech. Chem. Comm., 1954, 24, 3024. 
French and Wiley, J. Amer. Chem. Soc., 1949, 71, 3702. 
Prelog and Hinden, Helv. Chim. Acta, 1944, 27, 1854. 
Vavon and Conia, Compt. rend., 1952, 284, 526. 
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5,5-Dimethyl-3-phenylcyclohex-2-enone. The ethyl enol ether of dimedone was treated with 
phenylmagnesium bromide, giving the ketone, m. p. 54—55° (Woods ** gives m. p. 54—54:5°). 

Pent-3-en-2-one. A commercial specimen was fractionally distilled through a Stedman 
column (ca. 40 theoretical plates). The fraction of b. p. 120°/756 mm., n,*** 1-4338, was shown 
by gas-liquid chromatography to contain less than 2% of an (unidentified) impurity. 

Mesityl oxide. A commercial sample was purified via the semicarbazone, m. p. 165°, and 
had b. p. 112°, ,*4 1-4412. 

3,4-Dimethylpent-3-en-2-one. This was prepared by Evans and Gillam’s method.’ 
Regeneration from the semicarbazone, m. p. 193°, gave the ketone, b. p. 146°, n,* 1-4503. 
Gas-liquid chromatography showed that the main impurity (ca. 5%) was probably ether. 

Benzylideneacetone. A sample prepared by the reaction of benzaldehyde and acetone in the 
presence of aqueous alkali ®° had b. p. 83°/2 mm., m. p. 41—42°. 

1-Acetyl-2-methylcyclopentene. The ketone was prepared by the method of Marshall and 
Perkin,*4 and after regeneration from the semicarbazone, m. p. 219° (decomp.), had b. p. 
61°/10 mm. 

1-Acetyl-2-methylcyclohexene. This was prepared by condensing acetyl chloride with 1- 
methylcyclohexene in carbon disulphide in the presence of stannic chloride. Purification via 
the semicarbazone, m. p. 222°, Amax, 241 my (e 10,500) [Braude et al. give m. p. 212—214°; 
Turner and Voitle #3 give m. p. 227—227-5°, Amax, 240 my (e 10,360)], gave the ketone, b. p. 
92°/15 mm., ,*° 1-4890 [Braude et al. give b. p. 98—98-5°/25 mm., m,,*° 1-4852, Amax 245 my 
(e 6500); Turner and Voitle give Ama, 249 my (¢ 6890)], which was shown to contain ~2% 
of a very volatile impurity (ether?) by gas-liquid chromatography. 

1-A cetyl-2,4,4,5,5-pentamethylcyclopentene. This compound was isolated from the liquid 
products of the self-condensation of mesityl oxide in ether catalysed by lithium.** Regener- 
ation from the semicarbazone, m. p. 170—171° (from methanol), gave the ketone, b. p. 
70°/1 mm., ”,** 1-4743 [Kolobielsky ** gives the following physical properties for the ketone: 
b. p. 96°/15 mm., ,! 1-4750, Amax, 251 my (¢ 6200); semicarbazone, m. p. 166—166-5°]. The 
infrared spectrum of our product is similar to that given by Kolobielsky except that a few weak 
bands in the latter’s are not present. 

We are indebted to Dr. M. F. Ansell for the sample of 2-ethylcyclopent-2-enone,® to Dr. L. M. 
Jackman for samples of pinocarvone, 2,2,5-trimethylhex-4-en-3-one, and cholest-5-en-4-one,” 
to Dr. L. N. Owen for a specimen of eremophilone from the collection of Sir John Simonsen, and 
to Dr. C. J. Timmons for the sample of isopropenyl methyl ketone. 

Spectroscopic Measurements.—Infrared spectra of solutions in carbon tetrachloride were 
recorded under standard conditions on a Grubb-Parsons double-beam S4 spectrometer with 
rock-salt optics. The computed spectral slit width was 8-9 cm.? at 1670 cm... Apparent 
molecular extinction coefficients (e*) were calculated (after graphical separation of overlapping 
bands) from the expression, e* = logy) (I/I)/cl, where the symbols have their usual significance. 
v4; is the apparent band width in cm.* at half intensity. A is the integrated band intensity in 
1, mole cm.~, calculated from A = 2:3 x K X vy X e*, values of K given by Ramsay *’ being 
used. 

Ultraviolet spectra were determined for ethanolic solutions on a Perkin-Elmer “‘ Spectra- 
cord ’’ 4000. 


RESULTS AND DISCUSSION 


The infrared and ultraviolet absorption for some «$-unsaturated ketones are given in 
Tables 1, 2, and 3. In comparable systems our results agree well with the generalised 
data presented by Mecke and Noack. 


Crossley and Renouf, J., 1908, 98, 640; Woods, J. Amer. Chem. Soc., 1947, 69, 2549. 
Evans and Gillam, J., 1941, 815. 
Vorlander, Annalen, 1896, 294, 275. 
Marshall and Perkin, J., 1890, 57, 241. 
Braude, Jones, Koch, Richardson, Sondheimer, and Toogood, J., 1949, 1890. 
Turner and Voitle, J. Amer. Chem.’ Soc., 1951, 78, 1403. 
Braude, Gofton, Lowe, and Waight, J., 1956, 4054. 
Kolobielsky, Compt. vend., 1953, 287, 1717; Ann. Chim. (France), 1955, 10, 271. 
Jackman, Lown, and Wusteman, unpublished work. 

2” Ramsay, J. Amer. Chem. Soc., 1952, 74, 73. 

*8 Mecke and Noack, Spectrochim. Acta, 1958, 12, 391. 





3428 Erskine and Waight: Stereochemistry and 


The results show that cisoid and transoid af-unsaturated ketones can be differentiated 
in carbon tetrachloride solution, by measuring the ratio (r') of the integrated band 
intensities of the C=O and C=C stretching vibrations. This ratio depends also on the 
nature and position of substituents at the carbon-carbon double bond. For alkyl or 
phenyl substituents the ratio lies between 0-6 and 3-5 for cisoid ketones and is greater than 
6 for transoid ketones, but more strongly electronegative groups may give very different 
values. Thus the ethyl enol ether (VI; R =H, R’ = OEt) of dimedone has 7 = 1-3. 
On this basis the most important contributing conformation can be determined for the 
ketones given in Table 3. Some of these ketones exhibit two bands in the carbonyl region, 
and Timmons and his co-workers ® have suggested that in pent-3-en-2-one this is due to 
the presence of both s-cis- and s-trans-conformations; the same explanation possibly 
applies to benzylideneacetone and 1-acetyl-2-methylcyclopentene (VII; = 1). The 
relative intensities of the two bands indicate that pent-3-en-2-one and benzylideneacetone 
exist mainly (~75%) in the s-trans-form (in carbon tetrachloride at room temperature), 
while in the ketone (VII; = 1) the s-cis-form predominates, a conclusion in agreement 
with the nuclear magnetic resonance evidence.*® 


H CH, i ee 
! ! 4c-C 
oe H;c-c* 
¢" O° l 
H H 


$-trans-: Y¥o=o 1678 cm.-4.  s-cis-: veo 1701 cm}. 


The main factor influencing the intensity of the C=C band in an «8-unsaturated ketone 
is likely to be the direct field effect of the carbonyl group. The resultant induced dipole 
in the C=C group will be greater in the planar cisoid than in the planar transoid form.* 
The mutual effect of the two dipoles will be to reduce the intensity of the C=O band and 
increase the intensity of the C=C band in the cisoid form as compared with the transoid. 
For conformations other than planar an intermediate effect will be observed. In such 
cases resonance in the chromophore will be inhibited and this will have a small effect on 
infrared absorption but a much larger effect on the ultraviolet absorption. 

Consider the 2-methylenecyclanones (I; R= R’ =H): The intensities of infrared 
C=O, C=C, and ultraviolet bands all decrease with ring size. Biirer and Giinthard ® have 
shown that the intensity of the C=O band in saturated cyclic ketones decreases with ring 
size up to cyclodecanone. The decrease in both C=O and C=C intensities in 2-methylene- 
cyclohexanone, compared with 2-methylenecyclopentanone, is very similar to the decrease 
in C=O intensity of cyclohexanone (A = 25,000 *°) compared with cyclopentanone (A = 
28,000 *°); in 2-methylenecycloheptanone a further decrease in intensities is observed, 
which is rather larger than occurs in going from cyclohexanone to cycloheptanone (A = 
22,300 *°). The ultraviolet intensity of 2-methylenecycloheptanone is also considerably 
lower than the values exhibited by the C;- and C,-ring analogues. The ultraviolet 
intensities parallel closely those of the corresponding 1,2-benzocyclanones *! in which it 
has been suggested that the C=O group is twisted out of the plane of the benzene ring, 
the angle of twist increasing with ring size. This explanation cannot apply to the 
2-methylenecyclanones since non-planarity of the chromophore should result in an increase 
in Ago towards the value of the saturated ketone. 

For pinocarvone (II) 94,5 and Agg are both very low, while the carbonyl frequency is 

* By using Hampson and Weissberger’s method (J., 1936, 393; see also Bentley et al., J., 1949, 2957) 


it can be estimated that the dipole induced by the carbonyl group in a cisoid C=C group is about four 
times greater than that induced in a transoid C=C group. 


*® Timmons, Straughan, Forbes, and Shilton, paper presented at the IVth International Meeting of 
the European Molecular «go Group, Bologna, 1959. 

%® Biirer and Giinthard, Helv. Chim. Acta, 1956, 39, 356. 

%t Huisgen and Rapp, Chem. Ber., 1952, 85, 826; Huisgen, Ugi, and Mergenthaler, Annalen, 1954, 
586, 1; Hedden and Brown, J. Amer. Chem. Soc., 1953, 75, 3744. 
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TABLE 1. Fixed cisoid ketones. 


C=O band C=C band Ultraviolet 
Or o- = 
maz. 


v Vv 
Compound (cm.") «4 10- (cm.1) e* Avy (A) € 

(i; R= R’=H;n=1) 1727 420 13. 175 1644 18 ‘5 2310 7550 

(Il; R= R’=H;n=2) 1697 333 160 1618 ~18 ‘5 2300 7400 

(Il; R= R’=H;n=3) 1694 280 105 1613 13 “6 2300 5770 

(II) 250 125 1623 13 5 2410 4250 

(IIT) 346 1623 17 ‘2 2410 7600 
Cholest-5-en-4-one — — 1624 ~22 ‘8 2410 7590* 

(I; R= R’=Me;n=1) 1706 412 1633 14 ‘94 2540 11,600 

1687 260 190 1618 57 52 2520 6500 

288 5 1626 45 55 2480 6400 





391 175 1628 17 ‘0 2970 21,600 
239 135 1601 34 *82 2880 19,000 
314 100 1609 16 ‘2 2830 13,900 


278 12 105 1603 32 0-68 2850 15,000 
* Fieser and Fieser, ‘‘ Steroids,’’ Reinhold, New York, 1959, p. 287. 


TABLE 2. Fixed transoid ketones. 


(V; R= H, R’ = Me) 1711 605 20 415 1625 209 11 
(V; R= Et, R’ = H) 1706 733 13 305 1634 ~35 ~13 
(VI; R=H, R’=Me) 1679 510 16 280 1639 89 16 
(VI; R= R’=Me) ... 1669 454 19 295 1639 82 14 
(VI; R= H,R’= Ph) 1670 670 17 400 1615 124 15 


TABLE 3. Ketones of labile s-conformation. 
CH,:C(Me)-COMe 1683 275 14 135 1632 33 15 
‘arin 1678 413 10 us 
CHMe:CH-COMe a i. > or me 50 
CMe,-CH-COMe 275 11 T00 1619 226 
CMe,:CH-COBut 203 21 145 1617 209 150 
CMe,:-CMe-COMe 250 16 135 ~ 1623 60 95 


ti 273 «#417 «+155 1612 218 85 
CHPh-CH-COMe 105 10 25 1627 (sh) Dre 


(VII; » = — 2. ai. ie 145 


(VII; » = 2) 276 15 140 1619 66 
311 29 300 1620 58 35 


oc Cb oe 


(II) amy) ° (IV) 


[CH],,— CH, Me, 
N 
Ric J) Me mesL_ Jee 
oO Ac Ac 
(VI) (VII) (VIII) 


high. Again it seems unlikely fhat this is due to non-planarity in the C=C-C=O 
chromophore. The high C=O frequency suggests that the presence of the 1,3-fused cyclo- 
butane ring causes a deformation in the valency angles. The wavelength of maximal 
ultraviolet absorption is exceptionally high for a chromophore of this degree of alkyl 
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substitution and is consistent with the assumption that a large amount of strain in the 
ground state is relieved in the excited electronic state of the molecule. 

Eremophilone (III) has a stronger C=C band and a weaker C=O band than 2-methylene- 
cyclohexanone, and this is caused by the inductive effect of the ring alkyl group at the 
y-carbon atom reinforcing the field effect of the carbonyl group and thus producing a 
larger dipole in the C=C group. The inductive effect is even more pronounced in the iso- 
propylidenecyclanones, as can be seen by comparing 2-isopropylidenecyclopentanone with 
2-methylenecyclopentanone. 

For pulegone (IV) and 2-isopropylidenecycloheptanone, differing from the 2-methylene 
analogues, Ago is larger than for 2-isopropylidenecyclopentanone, while the values of 
Ago are much smaller than might have been expected by considering the effect of ring size 
alone. This is exactly what is to be expected if the C=C-C=O chromophore is non-planar 
in the C,- and C,-ring compounds. Non-planarity in the chromophore in these com- 
pounds arises because (a) the well-known cis-butane interactions tend to force alicyclic 
rings into non-planar conformations and (0) there is steric hindrance between the carbonyl- 
oxygen atom and a methyl group of the isopropylidene group; these effects together equal 
or exceed the gain in resonance energy obtained in a planar conformation. Pulegone and 
2-isopropylidenecycloheptanone exhibit the very broad C=C bands also shown by 3,4-di- 
methylpent-3-en-2-one and l-acetyl-2-methylcyclohexene (VII; = 2), and the four 
compounds have rather similar ultraviolet spectra. The low ultraviolet intensities have 
been attributed by Mecke and Noack * to the hyperconjugative effect of the B-alkyl group 
but this could not, in our opinion, account for such a large decrease [cf. for example the 
data for (VI; R=H, R’ = Me; and R= R’ = Me)j. A possible explanation of the 
broad C=C bands is to be found in Wepster’s discussion ** of steric effects on mesomerism 
(resonance). Wepster suggested that van der Waals repulsion forces, which will be at a 
maximum in molecular conformations with the dihedral angle (6) between the nodal planes 
of the C=O and C=C groups 0° and 180°, can counteract the stabilisation due to mesomerism, 
also greatest when 6 = 0° and 180°, to produce a molecule with a very large degree of 
rotational freedom of the C=C group with respect to the C=O group. The shape of the 
curve for variation of potential-energy with 6 will be very sensitive to the exact shape 
of the van der Waals curve, but it can be visualised that at room temperature molecules 
such as l-acetyl-2-methylcyclohexene may spend a large fraction of time in conformations 
other than the planar s-cis. Such a compound will have broader C=O and C=C bands than, 
for example, mesityl oxide which exists predominantly in the planar s-cis-form, because 
the frequency as well as the intensity of the vibration is dependent on 6. If the 
chromophore is in a rigid polycyclic system, or if the substituents are very bulky, as in 
2,2,4,5-tetramethylhex-4-en-3-one,” rotational freedom will be destroyed and a sharp 
C=C band will again be observed, but as a result of non-planarity the intensity of the 
ultraviolet band will remain low. 

Steric hindrance to coplanarity in the chromophore should be less in 1-acetyl-2-methy]l- 
cyclopentene than in 1-acetyl-2-methylcyclohexene, and this is confirmed by the conclusion 
that, whereas the latter exists largely in hindered s-cis-conformations,? the former exists 
as a mixture of s-cis- and s-trans-forms under the same conditions. It is therefore surpris- 
ing at first sight that 1-acetyl-2,4,4,5,5-pentamethylcyclopentene should prefer the 
s-trans-conformation. However, models indicate that steric hindrance is greater between 
the acetyl-methyl and the 5-methyl group in the s-cis-form than between the acetyl- 
methyl and the 2-methyl group in the s-trans-form. In contrast, both planar conform- 
ations in l-acetyl-2,6,6-trimethylcyclohexene are so hindered that the ultraviolet intensity 
(c) is only 1400, suggesting * that 8 must be 70—110°. 


%2 Mecke and Noack, Angew. Chem., 1956, 68, 150. 


33 Wepster, “‘ Progress in Stereochemistry,” eds. Klyne and de la Mare, Butterworths, London, 1958, 
Vol. II, p. 99. 
4 Henbest and Woods, J., 1952, 1150. 
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While the general conclusion concerning the relative magnitudes of r' for cisoid and 
transoid ketones holds for the benzylidene derivatives, a more detailed discussion of- the 
spectra of the cisoid compounds is made difficult because a completely coplanar arrange- 
ment of the phenyl, carbonyl, and C=C groups is possible in the anti-form of 2-benzylidene- 
cyclopentanone but not in the syw-form or in either possible form of the larger ring 
analogues. For the higher homologues, models show that either the phenyl group cannot 
be in the plane of the C=C-C=O group or the C=O group must be twisted out of the plane 


of the Ph-C=C group. 
Ph H 
2 ee 
ie) ° 


anti syn 


Attention must be drawn to the infrared data for the derivatives of cyclopent-2-enone. 
The inductive effect of alkyl groups in assisting or diminishing the field effect of 
the carbonyl group is particularly evident in the C=C band intensities of 3-methylcyclo- 
pent-2-enone and 2-ethylcyclopent-2-enone, and to a smaller extent in the C=O intensities. 
The strain produced in accommodating three trigonal centres in a five-membered ring is 
reflected in C=O and C=C frequencies, respectively higher and lower than might have 
been expected and similar, in fact, to those of the cisoid ketone 2-isopropylidenecyclo- 
pentanone. The latter has only two trigonal centres in the ring and is correspondingly 
less strained. 

The nuclear magnetic resonance of «8-unsaturated ketones, which will be discussed in a 
forthcoming paper by Jackman and his co-workers, gives stereochemical information 
complementary to that obtained in studies of electronic and vibrational spectra. 


We are indebted to Dr. C. J. Timmons for communicating his results before their public- 
ation, and to Messrs. N. Bacon and S. Brewis for assistance with some of the preparations. 


CHEMISTRY DEPARTMENT, IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SouTtH KENSINGTON, LonpDon, S.W.7._ [Received, February 3rd, 1960.] 





691. The Relative Stabilities of Halogeno-complexes. Part I. 
The Hexahalogenoplatinates. 


By A. J. Po& and M. S. Varpya. 


A radiochemical technique has been used to determine the equilibrium 
constants for the stepwise interchange of free iodide ions with the halogens 
in PtCl,2- or PtBr,?-. At 25°, and at an ionic strength of 0-5m, the values 
of log 8, for the chloride : iodide and bromide : iodide systems are 18-2, + 0-1 
and 15-9, + 0-1, respectively, the iodide being the strongest complex. Similar 
measurements were made at 0° and 44-5° and corresponding values of AH® 
are —19 + land —23 + 1 kcal./g.-ion, and those of AS® are about 19 and 
—3cal./deg. mole. These results are used to calculate the relative standard 
free energies and enthalpies of formation, and the relative standard entropies, 
of the hydrated complex ions. 


Few direct measurements have been reported of the relative stability constants of 

halogeno-complexes, and none of these has been made over a range of temperatures. 

Such measurements are of interest because the constants can be used to divide metal ions 

into two classes,! (a) and (b), according to whether the order of affinity of the halide ions 

is, respectively, F > Cl > Br > I, or the reverse. In the Periodic Table, platinum lies 
1 Ahrland, Chatt, and Davies, Quart. Rev., 1958, 12 .265. 
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well inside the group of class (6) metals, the halogeno-complexes of which decrease in 
stability from the iodide to the chloride. 

The hexahalogenoplatinates are all too stable for measurements of their individual 
stabilities to be readily made but, with the exception of the fluoroplatinate, they are 
interconvertible in aqueous solution by addition of sufficient of the appropriate free halide 
ion. Semiquantitative estimates of the relative stabilities have been made by Schlesinger 
and Palmateer * who used a spectrophotometric method, and Newman and Hume ® have 
recently developed this method so that successive equilibrium constants for interchange 
of halogen ligands can be measured. This depends on the additional determination of 
several extinction coefficients and we have used an alternative method * which proves to 
be simpler and probably more accurate. It depends on the relative slowness of inter- 
change of the halogen ligands which exemplifies the inertness of nearly all platinum 
complexes.5 This enables mixed complex species to be separated from the free anions, 
by precipitation, without any adjustment of the equilibria taking place such as might 
occur owing to different solubilities and rates of precipitation of the various species present. 
Although analysis of the precipitated species for the two halogens present could, in 
principle, be done by other means, the use of iodine-131 as a tracer makes the analysis 
very much quicker, without any loss in accuracy. A similar tracer method has been used 
independently by Dunning and Martin * to measure the equilibrium constants for stepwise 
replacement of chloride in PtCl,2- by bromide, at 25°. 

Procedure.—Varying amounts of labelled iodide solution were added to aliquot parts 
which consisted of sodium chloro- or bromo-platinate dissolved, respectively, in 1m-sodium 
chloride or bromide, and the solutions were diluted to an ionic strength, J, of 0-5m. The 
large excess of free chloride or bromide ions kept the ionic strength constant to within 1%. 
The solutions were allowed to come to equilibrium at a known temperature and the 
complex species were then precipitated as their cesium salts. The activity in the free 
iodide form was measured, in solution, by using a scintillation counter, and compared with 
the total iodide activity added. The average number, 7, of iodide ligands in each complex 
ion, and the ratio of the concentration of free chloride or bromide to that of free iodide, 
were then calculated and equilibrium curves (corresponding to Bjerrum’s formation 
curves) were plotted. From these curves the six equilibrium constants were derived, 
by using Bjerrum’s method of successive approximations,’ and enthalpy and entropy 
changes were determined after repetition of the measurements at two other temperatures. 
Since the equilibria were studied at a constant ionic strength, and since they involve 
interchange of very similar ions, the activity coefficients of which will be approximately 
equal, the concentration constants will be close to the thermodynamic constants and the 
functions derived from the constants will be within a few units % of the corresponding 
standard thermodynamic functions. This is supported by a study of the PtCl,?--I- 
system at 25° and J =I1m. The equilibrium curve is very close to that obtained at 
I = 0-5m and the values of log 8, which were obtained from the two curves differ by less 
than 1% (8, = K,K, 

By Bjerrum’s procedure, temporary constants can be obtained from the equilibrium 
curves in two ways. In one, the value of ([Cl~ or Br-]/[I7]) sree at 7 = m — 3} is taken as 
an approximate measure of K,, where is an integer from 1 to 6. In the other, the 
average constant, K,,., is taken as the value of ([Cl- or Br~]/[1-}) tree at % = 3, and values 
of K,, are obtained from the expression 


Ky = [(7 = n) |n) K,,"-™ 


Schlesinger and Palmateer, J]. Amer. Chem. Soc., 1930, 52, 4316. 

Newman and Hume, J. Amer. Chem. Soc., 1957, 79, 4571, 4581. 

Poé and Vaidya, Nature, 1959, 184, 1139. 

Taube, Chem. Rev., 1952, 50, 69. 

Dunning and Martin, J]. Amer. Chem. Soc., 1959, 81, 5566. 

Bjerrum, “ Metal Ammine Formation in Aqueous Solution,”” P. Haase and Son, Copenhagen, 1957. 
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where x is the “ spreading factor ’’ which can be derived ? from the slope of the equilibrium 
curve at” = 3. Acorrection term, involving either one of the sets of temporary constants, 
is then applied to the constants given by the former method, and the improved values so 
obtained can then be used to give a more accurate correction term. Which of the two 
sets of temporary constants to use initially depends on the value of x, and also on the 
symmetry of the curves about = 3. 

The logarithms of the temporary constants for the overall reactions, obtained in these 
two ways, and of the constants obtained after applying the corrections, are listed in 
Table 1. The equilibrium curves, derived from constants obtained by the approximation 
method, show systematic variations from the experimental curves, and the constants 
after a second cycle of approximations are actually less good than those after only one 
cycle. The final constants were therefore obtained by a “ curve-fitting’ procedure 
which will be described elsewhere, and equilibrium curves, derived from the constants for 


TABLE 1. Values of log Bg for the systems PtCl,?--I- and PtBr,?--I-. (I = 0-5.) 


Temporary constants from Temporary constants from 
mid-point slope ({Cl- or Br-]/[I-]})tree at 7 = m — § 
PtCl,2--I- PtBr,?--I- 
Temp. (~ = 0-89) (* = 1-08) PtCl,?--I- PtBr,?--I- 
0° 19-0, 17-5, 19-3, 17-7, 
25 18-0, 16-0, 18-2, 16-1, 
44-5 16-9, 15-0, 17-2, 15-3, 
Constants after one cycle Constants from curve-fitting 
of corrections procedure 
0° 19-4, 17-7, 19-3, 17-7, 
25 18-2, 16-2, 18-2, 15-95 
44-5 17-3, 15-3, 17-0, 15-1, 


TABLE 2. Thermodynamic functions at 25° and I = 0-5m. 
— AG° —AH° AS° 
(kcal./g.-ion) (kcal./g.-ion) (cal./deg. mole) 
(PtCl,]?- + 6I- ——» [PtI,]*- + 6Cl- ... 2464 0-2 1941 1944 
[PtBr,]?- + 61- ——» [PtI,]*"- + 6Br- ... 220+ 0-2 23 +1 —3+44 
[PtCl,]*- + 6Br- ——» [PtBr,]*- + 6CI- ... 2-6 + 0-4 —442 2248 


the PtCl,2--I- system, are shown in Fig. 1 together with the experimental points. The 
values of log 8, obtained by this procedure are also given in Table 1, the uncertainty 
being about +0-1. Values of the individual constants are not given here since only the 
overall constants are required when considering the relative stabilities of the binary 
complexes. Similar values of log 8, are obtained from the different sets of constants and 
AH?® is not very dependent on which set of values is used. The temperature variations 
of the “ curve-fitting ’’ values are plotted in Fig. 2. 

The values of AG®, AH®, and AS®, for the complete interchange of halogen ligands, are 
given in Table 2, the values for the chloride-bromide system having been obtained by 
difference. The average free energy change per ligand for the chloride—bromide system 
is about half that for the corresponding platinum(I1) system,* and rather less than half 
that for the trans-[Pt(en),Cl,]**-Br- system which has been studied spectrophoto- 
metrically. The enthalpy change in the chloro- to bromo-platinate reaction is slightly 
unfavourable and it is only the increase in entropy of the system which favours the change. 
Thus Pt(tv) is clearly a class (6) species when judged by the relative stability constants of 
its halogeno-complexes. Ahrland, Chatt, and Davies? have emphasised, however, that, 
in cases where the free energies and enthalpies of formation are in opposed orders (e.g., 
Me,N,BMe, and Me,P,BMe,), the classification must be based on the enthalpies. On this 
basis the relative stabilities of the halogeno-platinates are PtCl,2- > PtBr,2- « PtI,?- 


® Poé, unpublished work. 
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and the classification is therefore not so clear. However, the very high relative stability 
of the iodide supports a predominantly class (0) classification. 

The relative standard free energies and enthalpies of formation, from the elements in 
their standard states, of the aqueous complex ions, and the relative standard entropies, 
can be calculated by using the data in Table 2, together with corresponding values for the 

Fic. 2. Temperature variation of log B,: 
(a) chloro- and iodo-platinate system, 


(b) bromo- and iodo-platinate system. 
(Values of log B, obtained by the 











Fic. 1. Equilibrium curves for the chloro- and “ curve-fitting ” procedure.) 
iodo-platinate system at (a) 0°, (b) 25°, and 
(c) 445°. 
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aqueous halide ions quoted by Latimer.® They are given in Table 3, together with other 
available data.® 


TABLE 3. Thermodynamic functions for the aqueous hexahalogeno-platinates at 25°. 


— AG, —AH; 50 
(kcal./g.-ion) (kcal./g.-ion) (cal./deg. mole) 
This work Latimer ® This work Latimer ® This work Latimer ® 
(PtCl,}*- ... x 123-1 y 167-4 Zz 52-6 
[PtBr,}*- x — 38 —- y — 70 167-4—50-3 z+ 60 _- 
[PtI,]*- ... #*— 89 — y — 141 167-4—111-7 z+ 97 — 
EXPERIMENTAL 


Tracer.—Carrier-free iodide-131 was obtained from the Radiochemical Centre, Amersham, 
in 0-01N-sodium thiosulphate solution. Since thiosulphate can replace iodide from iodo- 
platinate its concentration was kept negligibly small, either by using as small amounts of the 
tracer solution as possible, or by treating it with an excess of iodine and removing the un- 
changed iodine with carbon tetrachloride. The activity in solution was measured by using an 
Isotope Development Ltd. scintillation spectrometer, adjusted to count the 364 kev y-rays 
emitted by the isotope; 5-ml. aliquot parts of the solutions were contained in annular plastic 
cups which fitted closely round the aluminium cap containing the sodium iodide phosphor. 

Reagents.—Platinum complexes were obtained from Messrs. Johnson, Matthey and Co. Ltd. 
and were used as supplied. Otherwise ‘‘ AnalaR ’’ reagents were used. 

Procedure.—The platinum complex was dissolved in a 1m-solution of the corresponding 
sodium halide. Aliquot parts of this solution were then diluted with varying amounts of 
0-01M-potassium iodide solution containing the tracer, and the final concentration was adjusted 


® Latimer, ‘‘ Oxidation Potentials,’’ Prentice-Hall Inc., New York, 1952. 
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TABLE 4. The chloro- and iodo-platinate system. [Complex] = 0-834 mm. 
[Cl~] rota => 0-505. 


Total Free I- Free [I-] 
Temp. Soln. activity Total [17] activity at equil. log 
(° c.) no. (counts/min.) (10-*m) (counts/min.) (10-¢m) n ({C1-}/(1-]) sree 
0 1 3402 3-035 231 0-2060 0-339 4-387 
2 4789 6-070 370 0-4690 0-672 4-028 
3 10,755 9-106 876 0-7420 1-00 3-829 
4 9778 12-14 843 1-047 1-33 3-680 
5 14,370 18-21 1539 1-950 1-94 3-410 
6 23,860 21-25 2887 2-569 2-24 3-289 
7 12,740 25-80 1526 3-089 2-72 3-211 
8 4835 30-35 596 3-741 3-19 3-129 
9 3990 33-38 534 4-486 3-47 3-052 
10 8308 37-94 1096 5-007 3-95 3-002 
ll 13,290 60-70 3648 16-65 5-28 2-481 
12 17,990 75-90 6660 28-09 5-73 2-255 
13 19,938 91-06 9227 42-13 5:87 2-079 
25 la 531 3-035 73 0-4172 0-314 4-079 
1b 1522 3-035 186 0-3709 0-320 4-130 
lc 1522 3-035 210 0-4187 0-314 4-077 
ld 1522 3-035 201 0-4007 0-316 4-096 
2a 1610 6-070 172 0-6485 0-650 3-888 
2b 3044 6-070 357 0-7119 0-643 3-847 
2c 3044 6-070 341 0-6800 0-648 3-867 
2d 3044 6-070 335 0-6679 0-648 3-875 
3a 1337 9-105 148 1-008 0-972 3-697 
3b 4281 9-105 408 0:8678 0-990 3-761 
3c 4281 9-105 460 0-9783 0-975 3-709 
3d 4281 9-105 471 1-002 0-971 3-699 
4 4173 12-14 400 1-163 1-32 3-634 
5 2228 15-18 310 2-111 1-57 3-376 
6 2674 18-21 400 2-724 1-86 3-265 
7 3120 21-25 480 3-267 2-16 3-186 
8 12,740 25-80 2081 4-217 2-59 3-076 
9 3632 30-35 600 5-014 3-04 3-000 
10 3990 33-38 701 5-862 3-30 2-932 
ll 2608 37-94 480 6-982 3-71 2-858 
12 10,788 45-53 2422 10-22 4:24 2-693 
13 12,590 53-13 3245 13-70 4-73 2-566 
l4a 4173 60-70 1270 18-48 5-06 2-436 
145 1972 60-70 595 18-31 5-08 2-440 
14c 1972 60-70 611 18-80 5-02 2-428 
14d 1972 60-70 602 18-53 5-06 2-434 
15a 2657 75-90 1055 30-14 5-49 2-224 
15b 2465 75-90 991 30-52 5:44 2-218 
15c 2465 75-90 982 30-24 5-48 2-222 
léa 2674 91-06 1275 43-41 5-71 2-065 
16b 2958 91-06 1382 42-54 5-82 2-074 
l6c 2958 91-06 1410 43-40 5-71 2-066 
16d 2958 91-06 1414 43-52 5-70 2-064 
44-5 1 598 3-035 122 0-6191 0-289 3-907 
2 1795 9-106 275 1-394 0-925 3-555 
3 2992 15-18 552 2-799 1-48 3-253 
4 4188 21-25 850 4-310 2-03 3-066 
5 1197 30-35 279 7-078 2-79 2-851 
6 1496 37-94 351 8-898 3-48 2-752 
7 2393 60-70 838 21-25 4-72 2-375 
8 3590 91-06 1753 44-46 5-59 2-055 


by addition of water. The tubes were stoppered and left in a thermostat to come to equilibrium. 
The time necessary for equilibrium to be attained was determined by kinetic studies on mixtures 
corresponding to final % values of about 0-7, 2—3, and 4—5. At 25°, about 15 hr, were needed 
for the chloride-iodide system, and about 30 min. for the bromide-iodide system. When the 
systems were at equilibrium the complex ions were precipitated as their cesium salts and, 
after separation by centrifugation, the supernatant solutions and the washings were diluted 
to 10 ml. and the activity in 5 ml. was measured to a statistical accuracy of better than +1%. 
The total activity present was measured under similar conditions. These measurements, 
combined with a knowledge of the total concentrations of the species present, permitted 
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TABLE 5. The bromo- and iodo-platinate system. [Complex] = 0-837 mm. 
[Br~]tota: = 0-505M. 


Total Free I- Free [I-] 
Temp. Soln. activity Total [I-] activity at equil. log 
(° c.) no. (counts/min.) (10-*m) (counts/min.) (10-‘m) n ([Br-}/[1-]) see 
0 1 1582 3-035 160 0-3068 0-326 4-212 
2 2044 6-070 185 0-5495 0-660 3-959 
3 4745 9-106 440 0-8443 0-986 3-773 
4 4088 12-14 401 1-191 1-31 3-624 
5 7908 15-18 845 1-692 1-62 3-490 
6 6132 18-21 766 2-275 1-90 3-343 
7 11,072 21-24 1529 2-935 2-19 3-233 
8 2044 30-35 382 5-672 2-95 2-947 
9 3,955 37-94 900 8-634 3-50 2-765 
10 3066 45-53 810 12-03 4-00 2-622 
11 6327 60-71 2159 20-71 4-78 2-386 
12 5110 75-90 2265 33-64 5-05 2-176 
13 9490 91-06 4809 46-13 5-37 2-039 
14 7154 106-3 4000 59-44 5-59 1-929 
15 12,653 121-4 7622 73-16 5-76 1-839 
25 la 683 3-03 92 0-4082 0-313 4-088 
1b 1026 3-03 143 0-4244 0-312 4-068 
2a 1367 6-06 193 0-8559 0-622 3-767 
2b 2053 6-06 281 0-8294 0-625 3-781 
3a 2050 9-09 322 1-428 0-915 3-545 
3b 3079 9-09 468 1-381 0-923 3-559 
4 4105 12-12 742 2-191 1-19 3-359 
5 5131 15-15 984 2-905 1-46 3-237 
6 6158 18-18 1329 3-922 1-70 3-107 
7a 7184 21-21 1756 5-184 1-91 2-986 
7b 4783 21-21 1206 5-346 1-90 2-973 
8 1920 30-3 515 8-127 2-65 2-791 
9 2400 37-87 756 11-93' 3-10 2-625 
10 2880 45-45 1052 16-61 3-45 2-481 
ll 3840 60-6 1701 26-85 -- 4-03 2-273 
12 4800 75-77 2462 38-87 4-41 2-112 
13 5760 90-9 3320 52-37 4-61 1-983 
l4a 4706 106 2810 63-30 5-11 1-901 
146 4081 106 2450 63-63 5-06 1-899 
15 4664 121-3 3002 78-05 5-17 1-810 
16 6051 136-3 4056 91-35 5-37 1-742 
17 6723 151-5 4703 105-9 5-45 1-678 
44:5 1 598 3-035 117 0-5937 0-292 3-926 
2 1165 9-106 240 1-875 0-865 3-427 
3 1553 12-14 335 2-619 1-14 3-282 
4 1942 15-18 476 3-718 1-37 3-130 
5 2330 18-21 590 4-612 1-63 3-036 
6 777 30-35 251 9-804 2-46 2-709 
7 971 37-94 355 1-387 2-88 2-559 
8 1165 45-53 461 1-801 3-29 2-446 
9 1553 60-70 761 29-75 3-70 2-228 
10 1942 75-90 1039 40-59 4-22 : 2-094 
11 2330 91-06 1359 53-10 4-55 1-977 


calculation of both # and the concentration ratio of the free halide ions. The results are given 
in full in Tables 4 and 5. Repetition of some of the measurements showed that the values of % 
obtained from independent experiments were reproducible to within about 2%. 

The importance, to the success of this method, of the relative inertness of the equilibria was 
illustrated by the initial results on the bromide—iodide system at 44-5°. The precipitation of 
the cesium salts was noticeably slower than on other occasions and the amount of iodide in 
the complex was found to be larger than expected, the equilibrium curve overlapping that 
obtained at 25°. This was understandable if the equilibria were undergoing partial adjustment 
during the slow precipitation of the complex ions, and if the cesium salts were less soluble the 
more iodide that there was present in the complex ion. The use of a much larger excess of 
cesium salt ensured a rapid precipitation, so that distortion of the equilibria was minimised. 


INORGANIC CHEMISTRY RESEARCH LABORATORIES, 
IMPERIAL COLLEGE, Lonpon, S.W.7. [Received, February 9th, 1960.] 
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692. Heterocyclic Compounds from Urea Derivatives. Part I. A 
New Synthesis of 3-Amino-5-mercapto(and -hydroxy)-1,2,4-triazoles. 


By LEonarD E. A. GODFREY and FREDERICK KuRZER. 


Hydrazones derived from l-alkyl(or -aryl)-3-(N-amino)amidinothioureas 
are synthesised by condensation of isothiocyanic esters with aminoguanidine 
in ketonic solvents containing an equivalent of sodium, or with the corre- 
sponding hydrazones in pyridine. Hydrolysis by strong acids cleaves and 
cyclises these compounds to 3-amino-5-mercapto-1,2,4-triazole in excellent 
yield, while alkaline hydrolysis causes ring closure to 3-amino-5-arylamino- 
1,2,4-triazoles, with elimination of hydrogen sulphide. 

Analogous condensations involving isocyanic esters yield hydrazones 
derived from 1-substituted-3-(N-amino)amidinoureas, which afford 3-amino- 
5-hydroxy-1,2,4-triazole on acid hydrolysis. 


AMINOGUANIDINE displays a great versatility in its chemical behaviour! which is partly 
due to the immediate proximity of the reactive amidino- and hydrazino-groups. For 
many years, its application in heterocyclic synthesis, notably in the triazole field, has 
proved very fruitful. In condensations of aminoguanidine with isocyanic and isothiocyanic 
esters both the amidino-* and the hydrazino-group ® are potential centres for attack by 
these esters, and two series of compounds should be accessible, viz., substituted N-amino- 
amidino-ureas or -thioureas (A; X = Oor S) and N-amidino-N’-amino(thio)formylhydr- 
azines (B; X = O or S). 


(A) R°NH*CX*NH°C(;NH)*NH*NH, NH,*C(7NH)*NH*NH°CX°NHR (B) 


Fantl and Silbermann “ showed that aminoguanidine and phenyl isothiocyanate interact 
with simultaneous elimination of ammonia, 3-amino-5-mercapto-4-pheny]l-1,2,4-triazole 
being formed directly. Further examples of this reaction, and of the isolation of inter- 
mediates of type B are described in recent patents.” With allyl or phenyl thiocisoyanate, 
N-anilinoguanidine gave the expected amidinothiourea derivatives of type A; the allyl 
homologue was cyclised by alkalis to 5-allylamino-3-amino-1-phenyl-1,2,4-triazole. In 
Fromm’s synthesis 5° of 1,2,4-triazoles by treatment of dithiobiurets 7 or their oxidation 
products, 3,5-di-imino-1,2,4-dithiazolidines (‘‘ thiurets”’)56&*® with hydrazine?® or 
phenylhydrazine,*.* N-(aminoamidino)thioureas (of type A) are the precursors of the final 
heterocyclic products. However, cyclisation of these intermediates occurs very readily 
under the conditions of this synthesis,®® so that they were isolated only in a few cases,5.6® 
and sometimes merely as by-product.§ Further, since possible alternative formulations 
of certain products remain undecided 5-8 and experimental results are in fact not always 
reproducible ® (see also below), the reaction is not a reliable route to N-(aminoamidino)- 
thioureas (A). N-Phenylamidino-.V’-thioformamidohydrazine, a representative of type B, 
has been obtained by condensing thiosemicarbazide and phenylcyanamide: the methyl 
ether of its thiol form was readily cyclised, with loss of methanethiol to 3,5-diamino-4- 
phenyl-1,2,4-triazole.! 

In view of the value of compounds of structure (A) and (B) in heterocyclic syntheses, 


1 Lieber and Smith, Chem. Rev., 1939, 25, 213. 

2 Pinner, Ber., 1889, 22, 1600, 1609; Kurzer and Tertiuk, J., 1959, 2851; Slotta, Tschesche, and 
Drechsler, Ber., 1930, 68, 208; Kurzer, J., 1955, 2288; 1956, 2345. 

3 Freund, Ber., 1896, 29, 2510; Arndt, Milde, and Tschens ‘her, Ber., 1922, 55, 341. 

4¢Fantl and Silbermann, Annalen, 1928, 467, 283. 

4>Fry and Lambie, B.P. 741,228; 741,280. 

5 Fromm and Vetter, Annalen, 1907, , 190. 

6 Fromm and Weller, Annalen, 1908, 361, 316. 

7 Fromm, Ber., 1921, 64, 2840; see also Arndt, Ber., 1922, 55, 12. 

§ Fromm, Kayser, Briegleb, and Féhrenbach, Annalen, 1922, 426, 313, 330. 

* Fromm, Briick, Runkel, and Mayer, Annalen, 1924, 437, 106, 112. 

1® Arndt and Tschenscher, Ber., 1923, 56, 1984. 
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an examination of their formation from readily available aminoguanidine (I), and of some 
of their properties has now been undertaken. In the present work, the site of condensation 
of isothiocyanic esters has been restricted to the amidino-nitrogen of the aminoguanidine 
structure by blocking the hydrazine group. However, the hydrazones (III, IV) were not 
converted into the parent hydrazines (A), since their liberation by hydrolysis was accom- 
panied by immediate cyclisation to triazoles. 

Isothiocyanate and isocyanate esters reacted readily with amidinohydrazones, generally 
affording excellent yields of 1-substituted 3-(aminoamidino)-thioureas or -ureas (in the form 
of their hydrazones, III, IV). Depending on the nature of the carbonyl compound used in 
producing the hydrazone, and the ease with which this (e.g., II) was isolated, the reaction 
was carried out by one of two methods. Thus, benzylideneaminoguanidine (II; R’’ = Ph), 
separately synthesised from its constituents,“ was directly condensed with iso(thio)- 
cyanate esters in hot pyridine. In the alternative procedure, intermediates (II) that were 
not readily isolated were employed without difficulty im situ. Aminoguanidine was 
liberated by the addition of one of its salts to an excess of the appropriate ketone (acting 
simultaneously as solvent and reactant), in which an equivalent of sodium had previously 
been dissolved. Subsequent addition of the iso(thio)cyanate ester afforded excellent 
yields of the required products (III, IV). The action of isothiocyanic and isocyanic esters 
was entirely analogous, except that, as expected, the latter reacted more vigorously. The 
preparation of one of the compounds now synthesised (III; R = R” = Ph, R’ = H) has 
previously been claimed by Fromm and his co-workers,’ who condensed benzaldehyde 
with 1-(aminoamidino)-3-phenylthiourea, alleged to be one of the products of the interaction 
of hydrazine and 3-imino-5-phenylimino-1,2,4-dithiazolidine; in later work,® 
however, they were unable to repeat the preparation of the parent hydrazine, 
Ph-NH-CS:NH-C(:NH)*NH-NH,. Since their benzylidene derivative differs from this 
compound (III; R= R” = Ph, R’ = H) prepared by the present direct synthesis, we 
think that their product was not correctly formulated. 

In accordance with the pronounced basic nature of aminoguanidines, hydrazones 
derived from 1-substituted 3-(aminoamidino)-ureas (IV) and -thioureas (III) are monoacid 
bases, forming stable salts with acids. Their hydrochlorides, for example, were useful in 
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isolating members of this series when crystallisation of the parent base was difficult, while 
the sparingly soluble picrates were suitable for characterisation purposes. With acetic 
acid, 1-phenyl-3-(isopropylideneaminoamidino)urea (IV; R=Ph, R’ = R” = Me) 


11 Thiele, Annalen, 1892, 270, 1. 
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unexpectedly formed a hemiacetate, possibly for crystallographic reasons. Members of 
the amidinothiourea series (III) rapidly precipitated lead sulphide from hot alkaline sodium 
lumbite. 

The hydrazones derived from 1-substituted 3-(aminoamidino)thioureas (III) were 
cleaved remarkably rapidly by dilute hydrochloric acid under very mild conditions, 
affording excellent yields of 3-amino-5-mercapto-1,2,4-triazole (VII), together with the 
appropriate amine and aldehyde or ketone. 3-(Isopropylideneaminoamidino)-1-pheny]l- 
thiourea (III; R = Ph, R’ = R” = Me), for example, gave the triazole (VII) smoothly 
in 75—85% yield, while aniline and acetone were isolated in the form of suitable derivatives 
(80 and 85%, respectively); in a side-reaction, small quantities (up to 10%) of 3-amino-5- 
anilino-1,2,4-triazole (IX; R = Ph) were formed, hydrogen sulphide being evolved. The 
more usual type of cyclisation, in which the basic skeleton of the precursor (III) 
remains intact, would produce, with loss of hydrogen sulphide or ammonia from potential 
mercapto- and amino-groups (in III), 3-amino-5-alkyl(or -aryl)amino-1,2,4-triazoles or 
-thiadiazoles, respectively. The present reaction, depending on the exceptionally ready 
removal of amine from the thioureido-grouping (in III) is therefore due to the unusually 
easy fission, under these conditions, of the N-C link of the terminal thioamide group in 
this particular structural environment. A possible mechanism of this general reaction 
involves preliminary hydrolytic removal of the carbonyl and amine components of the 
reactant (III), followed by immediate cyclisation of the intermediate hypothetical thio-. 
carbamic acid (V), with loss of water, to the triazole (VII). 

Under the influence of a weak acid, the direct cyclisation of hydrazones (III) to 3-amino- 
5-arylamino-1,2,4-triazoles (IX) became the predominant reaction: thus, 3-(isopropyl- 
ideneaminoamidino)-l-phenylthiourea ({II; R= Ph, R’=R”=Me) was slowly 
converted, by boiling acetic acid, into 3-amino-5-anilino-1,2,4-triazole (IX; R = Ph), only 
small quantities of the 3-amino-5-mercapto-derivative (VII) being formed. Boiling 
alkali similarly removed the carbonyl component and abstracted the elements of hydrogen 
sulphide from (III), affording good yields of the diaminotriazoles (IX) exclusively. The 
use of alkali in analogous ring-closures to 1,2,4-triazoles and 1,3,4-thiadiazoles is well 
established.*412 

The hydrazones of the amidinourea series (IV) were more stable than their sulphur 
analogues (III). They were hydrolysed by hydrochloric acid, though much more slowly, 
into 3-amino-5-hydroxy-1,2,4-triazole (VIII), amine and ketone, presumably by a 
mechanism analogous to that operating in the thiourea series. 3-(Isopropylideneamino- 
amidino)-1-phenylurea (IV; R = Ph, R’ = R” = Me), for example, was largely recovered 
after treatment that completely cyclised the corresponding thiourea derivative (III); but 
it afforded the aminohydroxytriazole (VIII) on more prolonged hydrolysis. Because of 
the consequent increased opportunity for side-reactions, yields of triazole were somewhat 
lower in the urea than in the thiourea series. 

As expected, cyclisation of the amidinohydrazones (IV) to substituted 3,5-diamino- 
1,2,4-triazoles (IX), involving elimination of water, did not occur under the influence of 
reagents that remove hydrogen sulphide from the thio-analogues (III). Thus, 3-(isopropyl- 
ideneaminoamidino)-l-phenylurea (IV; R = Ph, R’ = R” = Me) was recovered as the 
hemiacetate after being boiled with acetic acid, and resisted the action of sodium hydroxide, 
except that long treatment caused extensive decomposition. 

The present syntheses of 3-amino-5-mercapto-1,2,4-triazole (VII) and its hydroxy- 
analogue (VIII) appear to be of preparative value, affording the heterocyclic compounds 
from readily available starting materials in a simple two-stage process in approximately 55 
and 45%, overall yield, respectively: In particular, the method is an improvement over 
existing routes to 3-amino-5-hydroxy-1,2,4-triazole, which has previously only been 
obtainable by the difficultly controlled interaction, at 150—210°, between dicyandiamide 


12 Arndt and Milde, Ber., 1921, 54, 2089, 2101. 
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and hydrazine hydrochlorides,“ or urea and aminoguanidine hydrochloride, or from the 
less accessible 3-hydroxy-5-nitro-1,2,4-triazole.™4 


(X) R*NH*CX*NH*CO*NH*N=CR’R” R*NH*CX*NH*CS*NH*N=CR’R” (XI) 


On the other hand, the synthesis apparently cannot be extended to the preparation 
of the 3-hydroxy-5-mercapto-, 3,5-dihydroxy-, or 3,5-dimercapto-analogues, since it is 
doubtful if the required precursors (X and XI; X =O or S) are directly obtainable from 
semicarbazide and thiosemicarbazide by the present route. Acetone semicarbazone, for 
example, failed to react with phenyl isothiocyanate under the usual conditions. This 
is in agreement with the general experience * that isocyanic, and particularly isothio- 
cyanic, esters do not condense with ureides and thioureides except under severe conditions, 
the course of the reaction then being erratic. In contrast, iso(thio)cyanates are readily 
added at the hydrazine residue of (thio)semicarbazide, and the cyclisation of such products 
to triazoles is well established.® 


EXPERIMENTAL 


Aqueous picric acid saturated at room temperature (approx. 0-05m) was used for preparing 
picrates unless otherwise stated. Light petroleum was of boiling range 60—80°. Ultraviolet 
absorption measurements were made with a ‘‘ Unicam S.P. 500” spectrophotometer and 
0-00005m-ethanolic solutions. 


Amidinothiourea Series 


3-(Isopropylideneaminoamidino)-1-phenylthiourea.—To the deep brownish-red turbid liquid 
obtained on addition of sodium (2-3 g., 0-1 g.-atom) to dry acetone (150 ml.), finely powdered 
aminoguanidine sulphate monohydrate (15-8 g., 0-12 mole) was added. The stirred suspension 
was refluxed during 30 min. (colour change to pale brown), then treated with phenyl isothio- 
cyanate (10-8 g., 0-08 mole), and stirring and refluxing were continued for another 30 min. 
(colour change to yellow). The cooled mixture was stirred into ice-water (1 1.), and the 
solidified oil collected after storage at 0°, rinsed with water, drained, stirred to a paste with 
ethanol (15—20 ml.), filtered off at 0°, and washed with a little ether. The resulting pale 
yellow crystals [m. p. 158—163° (decomp.); 12-95—14-4 g., 65—72%] were recrystallised by 
dissolution in acetone (12 ml. per g.), followed by vacuum-evaporation of the filtered liquid to 
half-bulk, and dilution with an equal volume of ethanol (recovery approx. 60% per crystal- 
lisation), thus giving prisms of 3-(isopropylideneaminoamidino)-1-phenylthiourea, m. p. 167— 
169° (decomp., subject somewhat to the rate of heating) [Found: C, 53-0; H, 5-8; N, 28-2; 
S, 130%; M (cryoscopically, in thymol), 230. C,,H,,;N,S requires C, 53-0; H, 6-0; N, 28-1; 
S, 12-85%; M, 249]. The compound gave lead sulphide rapidly on being heated with alkaline 
sodium plumbite. 

Equimolar proportions (0-001 mole) of the product and picric acid in ethanol (15 ml.) gave 
the picrate (85%), pale yellow needles, m. p. 170—172° (decomp., somewhat dependent on the 
rate of heating) after crystallisation from aqueous ethanol (90%) (Found: C, 42-3; H, 3-55. 
C,,H,,N;5,C,H,N,0, requires C, 42-7; H, 3-8%). 

The use of semicarbazide hydrochloride (0-1 mole) in the above reaction, and refluxing 
during 3 hr., gave a liquid which deposited crystals (m. p. 184—186°; 70%) on storage. After 
crystallisation from water, these consisted of acetone semicarbazone, m. p. 186—188°. 

3-(Isopropylideneaminoamidino)-1-phenylthiourea.—(a) Hydrolysis by hydrochloric acid. 
A suspension of the reactant (5-0 g., 0-02 mole) in N-hydrochloric acid (30 ml., 0-03 mole) was 
boiled during ~5 min., the distillate being collected in a solution of 2,4-dinitrophenylhydrazine 
(4-4 g., 0-022 mole) in concentrated sulphuric acid (10 ml.)-ethanol (120 ml.) (product, see D). 
The suspended reactant first softened to a colourless oil at 75—-85° and then dissolved rapidly, 
while a little hydrogen sulphide was evolved. On cooling, the liquid deposited white crystals, 


18 Pellizzari and Roncagliolo, Gazzetta, 1901, $1, I, 487. 
14 Manchot and Noll, Annalen, 1905, 348, 26. 
18 Kurzer, Chem. Rev., 1956, 56, 124, 133, 134, 145, 158. 
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which were collected after 4 hr. at 0° (filtrate F), rinsed with a little water (m. p. 304—306°; 
1-75—2-0 g., 75—85%), and recrystallised from ethanol—water (3:1; 50 ml. per g., recovery 
approx. 50%), giving white opaque prisms of 3-amino-5-mercapto-1,2,4-triazole, m. p. 300— 
302° (decomp., subject somewhat to the rate of heating) (Found: C, 20-6; H, 3-5; N, 48-9; 
S, 27-5. Calc. for CJH,N,S: C, 20-7; H, 3-45; N, 48-3; S, 27-6%), Amin. 232 (log € 3°50), Amax. 
263 my (log ¢ 4-12). 

Filtrate F was basified with 40% aqueous sodium hydroxide and steam-distilled during 
10—15 min. (residual liquid: L), and the distillate was treated with 40% sodium hydroxide 
(20 ml., 0-2 mole) and benzoyl chloride (7-0 g., 0-05 mole). The precipitated benzanilide 
(3-15 g., 80%) had m. p. and mixed m. p. 160—162° (from ethanol). 

The residual liquid L was neutralised with hydrochloric acid, treated with 0-05mM-aqueous 
picric acid (100 ml., 0-005 mole) and the resulting yellow precipitate (0-8 g., 10%) crystallised 
from 90% ethanol, yielding yellow needles of 3-amino-5-anilino-1,2,4-triazole picrate, m. p. and 
mixed m. p. (see below) 230—232° (decomp.) (Found: C, 42-1; H, 3-4. C,H,N;,C,H,N,O, 
requires C, 41-6; H, 30%). 

Alternatively, filtrate F was evaporated in a vacuum (to 4—5 ml.) and the separated aniline 
hydrochloride [1-55 g., 60%; m. p. and mixed m. p. 192—197° (decomp.), after crystallisation 
from ethanol-ether] filtered off at 0°. The filtrate therefrom gave 3-amino-5-anilino-1,2,4- 
triazole picrate, m. p. 229—231° (decomp.), as described in the foregoing paragraph. 

Product D, obtained after dilution of the distillate with water (120 ml.), was acetone 2,4-di- 
nitrophenylhydrazone (4-10 g., 85%), m. p. and mixed m. p. 124—126°. 

In experiments having only the preparation of 3-amino-5-mercapto-1,2,4-triazole as objective, 
the reactant (0-02 mole) was dissolved in, and boiled during 1 min. with, N-hydrochloric acid 
(0-03 mole). The hot (vacuum-filtered) liquid deposited the product of satisfactory purity on 
cooling (75—80%). 

(b) Alkaline hydrolysis. The reactant (2-49 g., 0-01 mole) dissolved gradually when refluxed 
in 1-5N-aqueous sodium hydroxide (30 ml.) during 15 min. The filtered liquid remained clear 
when cooled to 0°; acidification by 2N-acetic acid yielded hydrogen sulphide and a crystalline 
precipitate (m. p. 156—158°; 1-49 g., 85%) which consisted, after crystallisation from ethanol- 
light petroleum, of prismatic needles of 3-amino-5-anilino-1,2,4-triazole, m. p. and mixed m. p. 
160—162° with authentic material?® (from S-benzyl-N-cyano-N’-phenylisothiourea and 
hydrazine) (Found: C, 55-4; H, 5-5; N, 40-8. Calc. for CgH,N,: C, 54-9; H, 5-1; N, 40-0%). 

The picrate (85%, from equimolar proportions of the reactants, in ethanol) formed yellow 
plates, m. p. 231—233° (decomp.) (from 90% ethanol) (Found: C, 42-0; H, 3-1. 
C,H,N;,C,H,N,O, requires C, 41-6; H, 3-0%). 

(c) Hydrolysis by acetic acid. The reactant (2-49 g., 0-01 mole) dissolved within 15 min. 
when refluxed in 2N-acetic acid (25 ml., 0-05 mole), hydrogen sulphide being evolved. The 
solution was refluxed during a further 30 min., cooled, and basified with concentrated aqueous 
ammonia. The separated 3-amino-5-anilino-1,2,4-triazole (70%), collected at 0°, had m. p. 
and mixed m. p.!* 159—161° (from ethanol). The aqueous filtrate therefrom, on spontaneous 
partial evaporation to small bulk, was neutral and deposited 3-amino-5-mercapto-1,2,4- 
triazole, m. p. 302—304° (decomp.) (15%). 

Alternatively, the clear hydrolysate, when cooled to 0°, deposited needles, which were 
collected (aqueous filtrate: F) and crystallised from a little ethanol—light petroleum. They 
were 3-amino-5-anilino-1,2,4-triazole diacetate, m. p. 122—125° (decomp.) (Found: C, 49-2; 
H, 5:8; N, 23-5. C,H,N,,2C,H,O, requires C, 48-8; H, 5-8; N, 23-7%). The diacetate was 
also obtained (60%) by dissolving the authentic base #* (0-001 mole) in hot 2N-acetic acid 
(0-006 mole); it showed no m. p. depression with the above material. The aqueous filtrate F 
deposited 3-amino-5-mercapto-1,2,4-triazole, m. p. 302—304° (12—15%), on spontaneous 
partial evaporation. 

3-A mino-5-benzylmercapto-1,2,4-triazole—A solution of 3-amino-5-mercapto-1,2,4-triazole 
(1-16 g., 0-01 mole) in N-sodium hydroxide (10 ml.) was treated with benzyl chloride (1-52 g., 
0-012 mole), diluted with ethanol (20 ml.), and kept at 60—70° during 10 min. The solution 
was evaporated to a third of its bulk’in a vacuum at 50—60°, then diluted with water (20 ml.), 
and the precipitated solidified oil collected at 0°. Crystallisation from benzene-ethanol 
(20:1; 20 ml.) gave white prisms of the sulphide, m. p. 109—111° (1-48 g., 72%). The 
analytical specimen was recrystallised from chloroform-—light petroleum (Found: C, 52-7; 

16 Fromm and Kapeller-Adler, Annalen, 1928, 467, 240, 266. 
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H, 5-0; N, 27-5. Calc. for CgH,)N,S: C, 52-4; H, 4-85; N, 27-2%). Fromm and Kapeller- 
Adler #* who prepared this compound from the substituted cyanamide (Ph-CH,°S),C=N-CN 
and hydrazine give m. p. 109°. 

3-Amino-5-p-chlorobenzylthio-1,2,4-triazole was similarly prepared by using 4-chlorobenzy] 
chloride (1-93 g., 0-012 mole). Crystallisation from ethanol-light petroleum (1 : 3) gave plates, 
m. p. 142—144” (1-95 g., 82%) (Found: C, 45-1; H, 3-4; N, 23-6; Cl, 14-5. C,H,CIN,S requires 
C, 44:9; H, 3-7; N, 23-3; Cl, 14:75%). 

Di-(3-amino-1,2,4-triazol-5-yl) Disulphide.—A solution of 3-amino-5-mercapto-1,2,4-triazole 
(0-58 g., 0-005 mole) in N-sodium hydroxide (5 ml., 0-005 mole) was treated with 0-2m-aqueous 
bromine (12-5 ml., 0-0025 mole), which was decolorised immediately. The pale-brown product 
which crystallised was collected at 0° (m. p. 228—230°; 0-37 g., 65%) and gave, after crystal- 
lisation from water (carbon), colourless needles of the disulphide, m. p. 232—236° (decomp., 
somewhat subject to the rate of heating), Amin, 244 my (log ¢ 3,37), shallow Amay, 270 muy. (log ¢ 
3-46). Arndt and Milde ™ give m. p. 240° (decomp.). 

1-(Isopropylideneaminoamidino)-3-p-tolylthiourea.—Interaction of the reactants [except 
for the use of p-tolyl isothiocyanate (11-9 g., 0-08 mole)] and isolation of the product as described 
for the phenyl homologue, gave a solid product [m. p. 152—154° (decomp.); 13-5 g., 64%] which 
crystallised from ethanol (12 ml. per g.) as plates of the substituted thiourea, m. p. 160—162° 
(decomp., subject somewhat to the rate of heating) (Found: C, 54:3; H, 6-2; N, 27-6. C,,H,,N,S 
requires C, 54-75; H, 6-5; N, 26-6%). It gave a picrate, needles (from 1:3 aqueous ethanol), 
m. p. 175—177° (decomp.) (Found: C, 44-5; H, 3-7. C,,H,,N,S,C,H,N,O, requires C, 43-9; 
H, 41%) 

This hydrazone (2-63 g., 0-01 mole) in N-hydrochloric acid (12 ml.) (3 min. at 95°) gave 
(cf. above) 3-amino-5-mercapto-1,2,4-triazole (84%) (Found: C, 21-1; H, 35%), p-toluidine 
hydrochloride (68%), acetone 2,4-dinitrophenylhydrazone, and 3-amino-5-anilino-1,2,4-triazole 
picrate (3%). 

In boiling 1-5N-sodium hydroxide (30 ml.) during 20 min. it (0-01 mole) gave 3-amino-5-p- 
toluidino-1,2,4-triazole (1-70 g., 90%), m. p. 179—180° (needles, from water). Fromm et al.® 
give m. p. 178—180°. a 

1-(Isobutylideneaminoamidino)-3-phenylthiourea.—Sodium (1:15 g., 0-05 g.-atom) was 
introduced into ethyl methyl ketone (80 ml.), and the resulting brown suspension treated with 
aminoguanidine sulphate monohydrate (7-9 g., 0-06 mole) and refluxed with stirring during 
20 min. After addition of phenyl isothiocyanate (5-4 g., 0-04 mole), refluxing was continued 
during 45 min. The mixture was stirred into water (500 ml.), and the separated thiourea 
collected, stirred with ethanol (12—15 ml.) (yield, 6-8 g., 65%) and crystallised from ethyl 
methyl ketone (20 ml.) and then from ethanol (10 ml. per g.) as plates, m. p. 153—155° (decomp.) 
(Found: C, 55-2; H, 6-6; N, 26-85; S, 12-0. C,,.H,,N,S requires C, 54-75; H, 6-5; N, 26-6; 
S, 12-2%). Its picrate (92%) formed yellow prisms, m. p. 148—150° (decomp.), from much 
ethanol (Found: C, 43-7; H, 4:0. C,,H,,N,;S,C,H,;N,0, requires C, 43-9; H, 4:1%). In 
n-hydrochloric acid it gave 3-amino-5-mercapto-1,2,4-triazole (78%), benzanilide (73%), and 
ethyl methyl ketone 2,4-dinitrophenylhydrazone, m. p. and mixed m. p. 111—113° (from 
ethanol). 

1-(Benzylideneaminoamidino)-3-phenylthiourea.—A solution of (benzylideneamino)guanid- 
ine ™ (1-62 g., 0-01 mole) in pyridine (6 ml.) was treated with phenyl isothiocyanate (1-35 g., 
0-01 mole), kept at 100° during 20 min., and stirred into ice-water containing concentrated hydro- 
chloric acid (6 ml.). The precipitate was collected, stirred with warm ethanol (10 ml.), filtered 
off (2-38 g., 80%), and crystallised from boiling ethanol (30 ml. per g., recovery 60%), giving 
off-white prisms of 1-(benzylideneaminoamidino)-3-phenyithiourea, m. p. 168—170° (sintering 
at 166°) (Found: C, 60-4; H, 5-0; N, 23-1; S, 11-3. C,;H,,N,S requires C, 60-6; H, 5-05; 
N, 23-6; S, 10-8%). Fromm et al.8 gave m. p. 223°. We obtained a picrate, m. p. 170—172° 
(decomp.) (from aqueous ethanol) (Found: C, 48-2; H, 3-5. C,,;H,;N,;S,C,H,N,O, requires 
C, 47-9; H, 3-4%). 

Hydrolysis of the product (0-0033 mole) by N-hydrochloric acid (6 ml.) yielded 3-amino-5- 
mercapto-1,2,4-triazole (66%), aniline (as benzanilide, 64%), and benzaldehyde (as 2,4-dinitro- 
phenylhydrazone, 78%). 

1-(Benzylideneaminoamidino)-3-methylthiourea.—Interaction of (benzylideneamino)guanid- 
ine 14 (8-1 g., 0-05 mole) and methyl isothiocyanate (3-65 g., 0-05 mole) in pyridine (25 ml.) at 
100° during 30 min., and addition of the liquid to ice and hydrochloric acid gave a sticky orange 
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oil. The supernatant liquid was decanted, and the oil was washed with water and stirred with 
gn-ethanolic hydrochloric acid (20 ml., 0-06 mole). The resulting crystalline suspension was 
set aside at 0°, and the solid then collected, rinsed with ether, and twice crystallised from 
boiling ethanol (4 ml. per g.). The hydrochloride thus obtained formed prisms, m. p. 180—183° 
(decomp.) (5-7 g., 42%) (Found: C, 43-5; H, 5-3; N, 25-45; Cl, 12-6. C,9H,3N;S,HCl requires 
C, 44:2; H, 5-2; N, 25-8; Cl, 131%). The picrate, crystallised from a large volume of 50% 
aqueous ethanol, had m. p. 191—193° (decomp.; sintering at 188°) (Found: C, 41-1; H, 3-5. 
CyoHisN;S,CsH3N3O, requires C, 41-4; H, 3-45%). 

The hydrochloride (0-01 mole) in boiling N-hydrochloric acid (15 ml.) gave 3-amino-5- 
mercapto-1,2,4-triazole (87%), methylamine (as picrate, 78%), and benzaldehyde (as 2,4-di- 
nitrophenylhydrazone, 92%). 

Amidinourea Series 

1-(Isopropylideneaminoamidino)-3-phenylurea.—To the suspension obtained on introducing 
sodium (4°6 g., 0-2 g.-atom) into acetone (320 ml.), aminoguanidine sulphate monohydrate 
(29-0 g., 0-22 mole) was added, and the stirred mixture refluxed during 30 min. The source of 
heat was withdrawn, phenyl isocyanate (19-0 g., 0-16 mole) added dropwise during 15 min., 
refluxing continued during 10 min., and the mixture added to ice-water (1-51.). The precipitated 
oil solidified when stirred for 1 hr., was collected, and immediately dissolved in hot benzene 
(20—25 ml.). The deep green warm liquid, which was quickly separated from droplets of 
water, deposited crystals on storage; these were collected at 0° and rinsed with benzene-light 
petroleum, then light petroleum (m. p. 120—124°) (yield, 22—24 g., 59—65%). Vacuum- 
evaporation of the filtrates to small bulk gave more material (lI—3 g.). Crystallisation from 
ethanol-light petroleum (3 and 10 ml. per g., recovery approx. 75%) gave needles of 1- 
(isopropylideneaminoamidino)-3-phenylurea, m. p. 124—126° (Found: C, 56-7; H, 6-5; N, 29-85. 
C,,H,,;N,;O requires C, 56-65; H, 6-4; N, 30-0%). Specimens crystallised from benzene occluded 
some of this solvent, giving high carbon values on analysis. 

The hydrochloride was formed (85%) on addition to the reactant (0-23 g., 0-001 mole) in 
ethanol (3 ml.) of 3N-ethanolic hydrochloric acid (1 ml., 0-003 mole), followed by dilution with 
ether (10 ml.). Crystallisation from ethanol-light petroleum gave needles, m. p. 191—192° 
(decomp.) (Found: C, 48-8; H, 5-8; Cl, 12-8. C,,H,;N;0O,HCl requires C, 49-0; H, 5-9; 
Cl, 13-2%). Specimens crystallised from ethanol-ether sintered at 124—128° before melting 
at 190—192°, probably owing to solvation. The picrate had m. p. 210—212° (decomp.) (from 
large volumes of ethanol—water) (Found: C, 44:3; H, 3-7. C,,H,,;N,0,C,H,N,O, requires 
C, 44-2; H, 39%). 

A solution of the product (2-33 g., 0-01 mole) in boiling 2N-acetic acid (25 ml., 0-05 mole) 
deposited crystals on cooling. After being collected at 0° (m. p. 140—144°; 1-9 g., 72%) and 
crystallised from ethanol, they consisted of white opaque prisms of the hemiacetate, m. p. 
143—145° (Found: C, 54-6; H, 6-7; N, 26-4. C,,H,;N,0,4C,H,O, requires C, 54:75; H, 6-5; 
N, 266%). The same product resulted (40—60%) after 30 minutes’ boiling of the above 
solution. For characterisation it was converted into the picrate, m. p. and mixed m. p. 210— 
213° (decomp.) (Found: C, 44-8; H, 4-2%), and into the base, m. p. and mixed m. p. 123—125° 
(yield 50%). 

Acid Hydrolysis of 1-(Isopropylideneaminoamidino)-3-phenylurea.—(a) The reactant 
(4:66 g., 0-02 mole) dissolved on being heated with 2N-hydrochloric acid (18 ml., 0-036 mole). 
The solution was distilled to half-volume, diluted with water (10 ml.), and again distilled to 
small volume (12—15 ml.; residual liquid, R). The distillate, collected in a solution of 2,4-di- 
nitrophenylhydrazine in concentrated sulphuric acid and ethanol, gave acetone 2,4-dinitro- 
phenylhydrazone, m. p. 124—126° (4:33 g., 91%). The liquid R, on being basified strongly 
and steam-distilled gave aniline {isolated as benzanilide, 70%). 

(6) A solution of the reactant (0-015 mole) in 2N-hydrochloric acid (0-025 mole) was refluxed 
during 30 min., basified with N-aqueous sodium hydroxide (0-03 mole), and distilled to 25 ml. 
Acidification and further reduction in volume (to 20 ml.) gave a residual liquid which, 
after rapid vacuum-filtration, deposited needles, which were collected at 0°. Spontaneous 
evaporation of the combined filtrates’and washing liquids afforded a further quantity of crude 
product, m. p. 280—285° (decomp.) (total, 1:10 g., 73%). Crystallisation from water (10 
ml. per g.) gave prismatic needles of 3-amino-5-hydroxy-1,2,4-triazole, m. p. and mixed m. p. 
286—290° (decomp.), which became pinkish in air (Found: C, 24-5; H, 3-6; N, 55-3. Calc. 
for C,H,N,O: C, 24-0; H, 4-0; N, 56-0%). Its ultraviolet absorption spectrum was an almost 
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straight line of negative slope, which is defined approximately by the following points: 1, 215 
my (log ¢ 3-75); 230 my (3-25); 240 my (2-65); 260 my (1-05). Authentic material for com- 
parison was obtained in very low yield by the fusion of aminoguanidine hydrochloride and urea 
by the method of Pellizzari and Roncagliolo.¥ 

(c) Dissolution of the urea (0-005 mole) during 3 min. with hot 2n-hydrochloric acid (0-0075 
mole) gave a product which consisted, after crystallisation, of the hydrochloride of the starting 
material, m. p. 191—192° (decomp.) (50%). 

A boiling suspension of the triazole (0-25 g., 0-0025 mole) in ethanol (25 ml.), treated with 
picric acid (0-57 g., 0-0025 mole) dissolved in hot ethanol (6 ml.), gave a clear liquid within 
10 min. The filtered solution slowly deposited solid which consisted, after crystallisation from 
ethanol (50 ml. per g.), of yellow plates (78%) of the picrate, m. p. and mixed m. p. (with a 
specimen similarly prepared from authentic 3-amino-5-hydroxy-1,2,4-triazole) 210—212° 
(decomp.) (Found: C, 29-8; H, 2-4. C,H,N,O,C,H,;N,O, requires C, 29-2; H, 2-1%). The 
m. p. of 3-amino-5-hydroxy-1,2,4-triazole picrate prepared from 3-hydroxy-5-nitro-1,2,4- 
triazole 4 has been given as 204°; the specimen was described as easily soluble in ethanol. 

1-(4-Biphenylyl)-3-(isopropylide L idino)urea.—A stirred suspension of sodium 
(0-575 g., 0-025 g.-atom) in acetone (40 ml.) was refluxed with aminoguanidine sulphate mono- 
hydrate (3-95 g., 0-03 mole) during 30 min., then treated with 4-biphenylyl isocyanate (3-9 g., 
0-02 mole) during 1 min., and refluxing was continued during 30 min. The mixture was stirred 
into ice-water, and the resulting solidified oil ground with 80% ethanol (10 ml.), collected (6 g.) 
and crystallised by dissolution in acetone, and dilution of the filtered partly evaporated solution 
with ethanol. The product thus obtained (m. p. 168—172°; 4-0 g., 65%) gave, on further 
crystallisation from ethanol (20 ml. per g.), 1-(4-biphenylyl)-3-(isopropylideneaminoamidino)uvea, 
m. p. 170—172° (decomp.) (Found: C, 66-6; H, 6-2; N, 23-0. C,,H,gN,O requires C, 66-0; 
H, 6-15; N, 22-65%). The picrate (95%) formed yellow prisms, m. p. 216—219° (decomp.), 
from large volumes of ethanol—water (Found: C, 51-35; H, 3-9. C,,H,,N,;,0,C,H,N,O, requires 
C, 51:3; H, 41%). ' 

1-(Benzylideneaminoamidino)-3-phenylurea.—A solution of (benzylideneamino)guanidine 4 
(1-62 g., 0-01 mole) in pyridine (6 ml.) was treated dropwise with phenyl isocyanate (1-19 g., 
0-01 mole), and the resulting warm (40—50°) liquid set aside at room temperature during 30 min., 
then stirred into ice and concentrated hydrochloric acid. The precipitated oil solidified and 
was rinsed with water and crystallised from boiling ethanol (15 ml.), yielding prisms of the 
substituted amidinourea, m. p. 159—161° (1-97 g., 70%) (Found: C, 63-8; H, 5-65; N, 25-5. 
C,;H,,N,;O requires C, 64:05; H, 5-3; N, 249%). 

This compound (0-001 mole) in hot ethanol (5 ml.) with ethanolic 3N-hydrochloric acid (1 ml.) 
gave needles of the hydrochloride, m. p. 197—198° (decomp.) (from ethanol) (Found: C, 57-0; 
H, 5:1; N, 21-65; Cl, 11-5. C,;H,;N;0,HCl requires C, 56-7; H, 5-0; N, 22-05; Cl, 11-2%). 
The picrate, crystallised from a large volume of 50% aqueous ethanol, had m. p. 206—210° 
(decomp.) (Found: C, 49-4; H, 3-6. C,;H,;N,0O,C,H,N,O, requires C, 49-4; H, 3-5%). 
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693. cis- and trans-3,4-Cycloheptanopiperidine and Related 
Compounds. 
By G. G. AvERsT and K. SCHOFIELD. 


tvans-2-Carboxycycloheptylacetic anhydride gave, with ammonia, trans- 
2-carboxycycloheptylacetamide and  ¢vans-2-carbamoylcycloheptylacetic 
acid, the former predominating. Pyrolysis of these acids gave an equilibrium 
mixture of the imides of cis- and tvans-2-carboxycycloheptylacetic acid. The 
equilibrium mixture was also formed, though more slowly, when either of 
the imides was heated. 

Reduction of the imides gave cis- and trans-3,4-cycloheptanopiperidine. 
The methiodides of the derived cis- and trans-1-methyl-3,4-cycloheptano- 
piperidine were submitted to Hofmann degradation. cis-1-Methyl-3,4-cyclo- 
heptanopiperidine was best prepared by hydrogenation of 3,4-cyclohepteno- 
pyridine methiodide. Reduction of 3,4-cycloheptenopyridine with sodium 
and ethanol gave a mono-unsaturated base, whose N-methyl derivative was 
also synthesised from N-methylcyclohept-l-enylacetamide. 


RECENTLY we described the synthesis of cis- and trans-3,4-cyclopentanopiperidines, their 
1-methyl derivatives, and the N-oxides of the latter! This our 5” eal the extension 
of this work to the 3,4-cycloheptanopiperidine series (I and IT; 


N 
“{ CO, Et 
(11) (111) (IV) 


We first examined the utility of 3,4-cycloheptenopyridine (III; R = H) as a source of 
the saturated compounds. Ethyl 2-oxocycloheptanecarboxylate was readily obtained 
from cycloheptanone and diethyl carbonate in presence of sodium hydride, a method 
superior to those described earlier.2 The keto-ester, with ethyl cyanoacetate under the 
conditions used by Grewe and Mondon ® in the cyclohexane series, gave ethyl a-cyano-«- 
(2-ethoxycarbonylcycloheptenyl)acetate (IV) (the position of the double bond was not 
determined). For hydrolysis of the nitrile (IV) with hydrochloric acid the reaction time 
proved to be critical. If hydrolysis was carried on too long no 2-carboxycycloheptenyl- 
acetic acid could be isolated, and cycloheptanone was formed. The first steps in this 
reaction are probably hydration and decarboxylation of 2-carboxycycloheptenylacetic acid 
to give an acid * (V), which by a reverse aldol reaction generates cycloheptanone. It is 


CH,-CO-NH, CH,*CO,H 4 
CO,H CO-NH, 
(V) (VI) (VII) (VIII) (IX) 


noteworthy that in this hydrolysis a dihydroxypyridine derivative (III; R = OH) 
analogous to those produced in the cyclopentene 5 and cyclohexene ® series was not formed. 
2-Carboxycycloheptenylacetic acid gave 2,6-dihydroxy-3,4-cycloheptenopyridine (IIT; 


1 Ayerst and Schofield, J., 1958, 4097. 

27, ? Manske and Leitch, Canad. J. Res., 1936, 14, B, 1; Prelog and Hinden, Helv. Chim. Acta, 1944, 

1854. 

3 Grewe and Mondon, Chem. Ber., 1948, 81, 279. 

* Reformatsky and Plesconasgoff, Ber., 1895, 28, 2838; Giljarow, J. Russ. Phys. Chem. Soc., 1896, 
28, 501; Harding and Haworth, /., 1910, 97, 486; Pressman and Lucas, J. Amer. Chem. Soc., 1940, 62, 
2069; Hauser and Breslow, ibid., p. 2389. 

* Kon and Nanji, J., 1932, 2426. 
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R = OH) when heated with ammonium carbonate. The derived dichloro-compound (III; 
R = Cl) was then catalytically dechlorinated to 3,4-cycloheptenopyridine (III; R = H). 

Unlike 3,4-cyclopentenopyridine,! 3,4-cycloheptenopyridine could not be hydrogenated 
in ethanol or acetic acid over Adams catalyst, either at room temperature or at 50°/110 atm. 
The results of Hamilton and Adams ® prompted us to attempt to hydrogenate 3,4-cyclo- 
heptenopyridine methiodide; with a relatively large weight of Adams catalyst the 
methiodide was reduced quantitatively to cis-l1-methyl-3,4-cycloheptanopiperidine (I; 
R = Me). This is the best method for preparing the tertiary base. 

We also considered the use of cis-2-carboxycycloheptylacetic acid as a source of the 
base (I; R=H). Hydrogenation of the nitrile (IV), followed by acid hydrolysis, gave 
cis-2-carboxycycloheptylacetic acid. However, all attempts to prepare the anhydride of 
this acid gave the tvans-anhydride, as was shown by conversion into the “ ¢vans-amidic ” 
acids (see below) with no trace of the cis-isomers. 

Despite these difficulties it proved possible to prepare the cis-imide (VI), for when the 
mixed amidic acids, prepared from either cis- or trans-2-carboxycycloheptylacetic acid, 
were pyrolysed, both the évans- and the cis-imide were formed, the latter, more soluble 
isomer being the minor product. Reduction of the cis-imide (VI) with lithium aluminium 
hydride gave cis-3,4-cycloheptanopiperidine (I; R =H), distinguished from the trans- 
isomer (see below) by the much greater solubility of its picrate. The secondary cis-base 
was readily methylated to give cis-1-methyl-3,4-cycloheptanopiperidine (I; R = Me). 

trans-2-Carboxycycloheptylacetic acid proved to be the only practicable source of 
trans-3,4-cycloheptanopiperidine. The essential intermediate, ethyl cyclohept-1l-ene- 
carboxylate, has been described,’ but was prepared more conveniently by ethanolysis of 
l-cyanocycloheptene. Michael addition of diethyl malonate to ethyl cyclohept-l-ene- 
carboxylate gave a good yield of diethyl trans-2-ethoxycarbonylcycloheptylmalonate, 
which on acid hydrolysis provided trans-2-carboxycycloheptylacetic acid. The derived 
anhydride reacted with ammonia to give a mixture of amriionium salts of amidic acids, 
which upon pyrolysis at 160° produced high yields of the trans-imide; at higher temper- 
atures some of the cis-imide was also formed (see above). Lithium aluminium hydride 
reduced the trans-imide to trans-3,4-cycloheptanopiperidine (II; R =H) which upon 
methylation gave the trans-product (II; R= Me). Like their analogues in the cyclo- 
pentane series,1 the mixed amidic acids (VII + VIII) from trans-2-carboxycycloheptyl- 
acetic anhydride were reduced by lithium aluminium hydride to a mixture of trans-3,4- 
cycloheptanopiperidine and amino-alcohols. 

King and Booth § showed that catalytic hydrogenation of isoquinoline in methanol was 
accompanied by N-methylation. Similar reduction of 3,4-cycloheptenopyridine gave a 
mixture of N-methylated bases, but we were unable to separate a pure component from 
the mixture. Like 3,4-cyclopentenopyridine, 3,4-cycloheptenopyridine gave, on reduction 
with sodium and ethanol, a mono-unsaturated base which was not further reduced 
by hydrogen and Adams catalyst in neutral conditions. Treatment of the unsaturated 
base with formic acid and formaldehyde gave an N-methylated base which was still 
unsaturated. Thus, the double bond in the original compound could not start from the 
nitrogen atom or be «@-situated with respect to it.1 This conclusion is strengthened by 
the absence from the ultraviolet absorption spectrum of the compound (in cyclohexane) 
of any maximal absorption above 213 my.® Of the two possible structures for the un- 
saturated tertiary base, (IX) is tentatively preferred from the evidence of the infrared 
spectrum (moderately strong peak at 795 cm.").1° 

The unsaturated N-methylated base was synthesised by a method already used in the 


® Hamilton and Adams, J. Amer. Chem. Soc., 1928, 50, 2260. 
7 Buchner and Scheda, Ber., 1904, 37, 931. 

§ King and Booth, /., 1954, 3798. 

® Leonard and Locke, J. Amer. Chem. Soc., 1955, 77, 437. 

10 Jewers and McKenna, J., 1960, 1575. 
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cyclopentane series.1 For this synthesis a convenient source of cyclohept-l-enylacetic 
acid was needed. This acid had been prepared ™ by applying the Reformatsky reaction 
to cycloheptanone and dehydrating and hydrolysing the product. The acid so obtained 
contained 25% of the isomeric cycloheptylideneacetic acid. We used cyclohept-l-enyl- 
acetonitrile as a source of the desired acid. Cycloheptanone reacted with ethyl cyano- 
acetate in the presence of ammonium acetate to give ethyl «-cyano-«-(cyclohept-l-eny]l)- 
acetate, which was slowly hydrolysed by acid to «-cyano-«-(cyclohept-l-enyl)acetic acid. 
Heated above its m. p. the latter gave cyclohept-l-enylacetonitrile, which was also readily 
obtained by the method of McCarthy and Brown. Alkaline hydrolysis of cyclohept-1- 
enylacetonitrile gave a mixture of cyclohept-l-enyl- and cycloheptylidene-acetic acid, 
together with 23% of cycloheptanone. The ketone is probably formed through the 
hydroxy-acid (V), produced by hydration of cycloheptylideneacetic acid. The procedure 
of Hugh, Kon, and Mitchell }* for separating cyclohept-l-enyl- and cycloheptylidene-acetic 
acid was wasteful, and it was preferable to separate the mixed acid chlorides by distillation. 
Cyclohept-l-enylacetyl chloride reacted quantitatively with methylamine. When heated 
with trioxymethylene and trifluoroacetic acid the resulting N-methylcyclohept-l-enyl- 
acetamide gave tetrahydro-1-methyl-3,4-cycloheptenopyrid-6-one, which was not purified 
but was reduced with lithium aluminium hydride to tetrahydro-1-methyl-3,4-cyclohepteno- 
pyridine. The picrate of this base was identical with that of the compound formed by 
N-methylating the sodium-ethanol reduction product of 3,4-cycloheptenopyridine as 
described above. The N-methyl base was converted by hydrogen and Adams catalyst. 
in acetic acid into cis-l-methyl-3,4-cycloheptanopiperidine. Hydrogenation in ethanol 
was not complete, but the properties of the mixture of picrates obtained from the product 
suggested the presence of some of the trans-isomer. 

With hydrogen peroxide cis- and trans-1-methyl-3,4-cycloheptanopiperidine each gave 
only one of the two possible N-oxides. 

The methiodides of cis- and trans-1-methyl-3,4-cycloheptanopiperidine, when submitted 
to Hofmann degradation, gave cis- and trans-NN-dimethylaminomethyl-2-vinylcyclo- 
heptane (as X; m = 3), respectively. The structures of these products were proved by 
hydrogenation, further Hofmann degradation, and ozonolysis to 2-ethylcycloheptanone. 
It is clear, therefore, that cis-1-methyl-3,4-cyclopentano-,!° -3,4-cyclohexano-,§ and -3,4- 
cycloheptano-piperidine all undergo Hofmann degradation in the same sense. The 
conformation (XI) could formally permit the production of either (X) or (XII), whilst 
meeting the requirement of coplanarity of the participating atoms N-C-C-H;; ™ in contrast, 
conformation (XIII) could lead only to (X). In both cases equatorial approach ™ of the 
attacking base (E2 mechanism) would lead us to expect products of type (X), and, in 

H 


S : H 
+ NM 
mT eo, fen LT er, 
CH,*NMe, Me H e2 


) (XI) (XII) (XIII) 


[cH], 
(X 


addition, the conformation (XIII) should be more stable than (XI) since it avoids axial 
oppositions between one of the N-methyl groups and hydrogen atoms in the carbocyclic 
ring, which are present in the latter. Conformational requirements in the trans-fused 
structures permit the formation only of trans-NN-dimethylaminomethyl-2-vinylcyclo- 
alkanes, as is observed with trans-3,4-cyclohexano- § and -3,4-cycloheptano-piperidine. 
The product (see above) obtained by treating trans-2-carboxycycloheptylacetic 
anhydride with ammonia was separated, after acidification, into two isomeric amidic 


4 Wallach and Beeck-Vollenhoven, Annalen, 1901, $14, 156; Kon and May, J., 1927, 1549. 

™ McCarthy and Brown, J. Amer. Pharm. Assoc., 1954, 48, 661; Sugasawa and Saito, Pharm. Bull. 
(Japan), 1956, 4, 237. 

18 Hugh, Kon, and Mitchell, J., 1929, 1435. 

144 McKenna, Chem. and Ind., 1954, 406. 
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acids, m. p.s 203-5—204° and 156-5—158°, the former predominating. The related cis. 
compounds could not be prepared (see above). Application of the Hofmann bromination 
reaction to the lower melting “ ¢rans-amidic”’ acid gave a bicyclic lactam, m. p. 136~ 


136-5°. In contrast, the higher-melting acid gave an amino-acid, which on pyrolysis 


9 CO,H 
OP Oo Op Oo- O 
N N CH2-NH, 
(XIV) (XV) (XVI) (XVII) (XVIII) 


provided two lactams, the major one having m. p. 165—167°, and the minor one m. p. 
80—83°. Lithium aluminium hydride reduced these last two lactams to bicyclic bases 
giving picrates, m. p.s 186-5—188° and 122-5—-124° respectively. These bases could be the 
cis- and trans-forms of either (XIV) or (XV). Prelog and Geyer ® prepared both stereo- 
isomers (XIV) but did not establish their configurations conclusively. Accordingly we 
submitted 2-oxocycloheptylacetic acid to the Leuckart reaction. Rather than a 
formamido-compound, the reaction produced a lactam. This lactam (XVI) could, from 
the results of Noyce and Bachelor,” be safely regarded as the cis-isomer, and on reduction 
it gave the cis-base. The m. p. of the picrate (122-5—124°) agreed with that reported 
by Prelog and Geyer ™ for their presumed cis-base. We failed to complete an independent 
synthesis of trans-2,3-cycloheptanopyrrolidine (as XIV), for on hydrogenation over Raney 
nickel, ethyl 2-oxocycloheptylacetate oxime gave the cis-lactam (XVI). With lithium 
aluminium hydride the oxime gave what was probably the (¢rans?-)amino-alcohol, but this 
could not be cyclised. 

Our own preparation of cis-2,3-cycloheptanopyrrolidine picrate, and Prelog and Geyer’s 
description of the ‘ trans-picrate”’ prove that the bicyclic bases obtained by Hofmann 
bromination of the amidic acid, m. p. 203-5—204°, followéd by reduction, are 3,4-cyclo- 
heptanopyrrolidines (XV); the base (picrate, m. p. 186-5—188°) is probably the trans- 
form, and the base (picrate, m. p. 122-5—124°), the cis-form. Correspondingly, the 
lactams, m. p.s 165—167° and 80—83°, are most probably (XVII) and its cis-isomer, 
respectively, whilst the amino-acid, m. p. 174—176°, and the amidic acid, m. p. 203-5— 
204°, are represented by (XVIII) and (VII). The amidic acid, m. p. 156-5—158°, must 
have the structure (VIII), and the derived lactam, m. p. 136—136-5°, must be trans-2,3- 
cycloheptanopyrrolid-5-one (XVI). 

In our earlier paper ! we described the action of ammonia upon cis- and trans-2-carboxy- 
cyclopentylacetic anhydride. We now show that in each of these reactions two isomeric 
amidic acids are formed, in poor yields in the cis-series. We have not so far been able to 
determine the structures of these compounds. 

It is clear from the work described above that ammonia attacks ¢rans-2-carboxycyclo- 
heptylacetic anhydride mainly at the acetic acid carbonyl group. Most probably the 
predominant acids formed from related anhydrides of the cyclopentane and cyclohexane ” 
series arise in the same way, that is, by amidation of the strongest (least alkylated) acid 
group. 

The isomeric amidic acids (VII and VIII), when heated at 220°, rapidly gave an 
equilibrium mixture of cis- and trans-imides (see below). In contrast the amidic acids 
derived from trans-2-carboxycyclopentylacetic anhydride gave only the cis-imide, none 
of the trans-imide being detectable. 

Both the cis- and the trans-imide of the cycloheptane series, when kept at 195° for 
72 hr., gave an equilibrium mixture containing approximately 63% of the trans-isomer. 
At higher temperatures this proportion fell, though our method of analysis was too 

15 Prelog and Geyer, Helv. Chim. Acta, 1945, 28, 576. 


16 Noyce and Bachelor, J. Amer. Chem. Soc., 1952, '74, 4577. 
17 Bachmann, Ross, Dreiding, and Smith, J. Org. Chem., 1954, 19, 222. 
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insensitive to allow the calculation of the heat of isomerisation. The equilibrium 
proportions of the cis- and trans-imide do not differ significantly from those found for 
cis- and trans-2-carboxycyclohexylacetic imides,!” but the cycloheptane derivatives seem 
to reach (uncatalysed) equilibrium much more slowly than do the cyclohexane derivatives. 


EXPERIMENTAL 


Ethyl 2-Oxocycloheptanecarboxylate.—Cycloheptanone (50 g.) and ethanol (2 ml.) were added, 
with stirring during } hr., to freshly ground sodium hydride (21-4 g.), ether (200 ml.), and diethyl 
carbonate (108 g.). The mixture was boiled and stirred until a white solid started to separate 
(3 hr.); then the heating was stopped. Stirring was continued for a further 3hr. The un- 
changed sodium hydride was decomposed with acetic acid (20 ml.), and the mixture diluted with 
ice. The product was extracted with ether, and the ethereal layer was washed with sodium 
hydrogen carbonate solution and then with water. The dried (Na,SO,) extract was distilled 
to give the 8-keto-ester (53-7 g., 65%), b. p. 128—136°/14 mm. 

Ethyl a-Cyano-a-(2-ethoxycarbonylcyclohept-1-enyl)acetate (IV).—Ethyl 2-oxocycloheptane- 
carboxylate (44-7 g.), ethyl cyanoacetate (28-6 g.), acetic acid (12 ml.), ammonium acetate 
(5-86 g.), and dry benzene (50 ml.) were heated under reflux in a flask attached to a water 
separator until no more water separated (9} hr.). The mixture, on cooling, was diluted with 
ether and washed with sodium carbonate solution and then with water. The residue was 
distilled, to give ethyl a-cyano-a-(2-ethoxycarbonylcyclohept-1-enyl)acetate (42-7 g., 63%), b. p. 
150—152°/0-2 mm., ,”” 1-4930 (Found: C, 64-2; H, 7-9; N, 5-3. C,;H,,NO, requires C, 64-5; 
H, 7:6; N, 5-0%). ; 

2-Carboxycyclohept-1-enylacetic Acid.—Ethyl «-cyano-a-(2-ethoxycarbonylcyclohept-1l-eny]l)- 
acetate (40 g.) and concentrated hydrochloric acid (350 ml.) were heated under reflux for 16 hr. 
When cooled and kept overnight the acid crystallised. It (13-5 g., 48%) was filtered off and 
washed with ether to remove adhering oil. A portion was crystallised from ether-light 
petroleum (b. p. 60—80°), giving needles of 2-carboxycyclohept-1-enylacetic acid, m. p. 139—140° 
(Found: C, 60-4; H, 7-0. C,9H,,O, requires C, 60-6; H, 7-1%). 

If refluxing was continued for 54 hr. no acid could be isolated. Instead, a neutral fraction 
was obtained which on distillation gave cycloheptanone (32%), b. p. 64—68°/20 mm., ,” 
1:4600. The semicarbazone crystallised from aqueous ethanol as needles, m. p. 160—161° 
(reported b. p. 179—180°, n,*° 1-4608; semicarbazone, m. p. 163—164°). 

2,6-Dihydroxy-3,4-cycloheptenopyridine (III; -R = OH).—2-Carboxycyclohept-l-enylacetic 
acid (19-9 g.) and dry ammonium carbonate (34-5 g.) were well mixed in a 250 ml. flask connected 
to an air-condenser arranged for distillation, and heated rapidly to 180° and then during 1 hr. 
to 235°. The mixture began to melt and froth at 180° but resolidified at 200°. At 230—235° 
the mixture began to melt again with evolution of water and also with the formation of a blue 
compound which sublimed into the condenser. On cooling, the residue solidified. It was 
crystallised from glacial acetic acid to give 2,6-dihydroxy-3,4-cycloheptenopyridine (14-5 g., 
81%) as buff needles, m. p. 217—219° (Found: C, 66-6; H, 7-6; N, 8-0. C, 9H,,;NO, requires 
C, 67-0; H, 7-3; N, 7-8%). 

2,6-Dichloro-3,4-cycloheptenopyridine (III; R = Cl).—2,6-Dihydroxy-3,4-cyclohepteno- 
pyridine (10-1 g.) and phosphorus oxychloride (30 ml.) were divided equally between 3 Carius 
tubes which were sealed at a pressure of 100 mm. and heated at 200° for 34 hr. On cooling, the 
contents were poured on ice and basified with potassium carbonate. The product was extracted 
thoroughly with ether. The dried (K,CO,) ethereal extract was distilled, to give 2,6-dichloro- 
3,4-cycloheptenopyridine (11-3 g., 93%), b. p. 107—110°/0-1 mm., as a colourless oil which 
crystallised. From methanol it formed needles, m. p. 64-5—65-5° (Found: C, 55-8; H, 4-8; N, 
6-7. C, 9H,,C1,N requires C, 55-6; H, 5-1; N, 6-5%). 

3,4-Cycloheptenopyridine (III; R = H).—2,6-Dichloro-3,4-cycloheptenopyridine (14-5 g.), 
sodium methoxide solution [prepared from sodium (16-3 g.) and methanol (330 ml.)] and settled 
Raney nickel (45 g.) were shaken with hydrogen until uptake ceased (2350 ml. in 9 hr.). The 
nickel was removed and the filtrate was diluted with water (300 ml.). The base was extracted 
with ether. The combined ethereal extracts were then acidified with concentrated hydrochloric 
acid and evaporated to 50 ml. The residue was strongly basified with sodium hydroxide and 
extracted with ether. The dried (K,CO,) ethereal extract was distilled to give 3,4-cyclohepteno- 
pyridine (7-3 g., 74%), b. p. 128—130°/20 mm., n,*! 1-5390 (Found: C, 81-4; H, 8-9; N, 97. 
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Cy 9H,,N requires C, 81-6; H, 8-9; N, 9-5%). The picrate crystallised as bright yellow plates, 
m. p. 141—142° (Found: C, 50-6; H, 4:5. C,,H,,.N,O, requires C, 51:0; H, 43%), from 
ethanol. 

The base (3-4 g.), when heated under reflux in dry ether (25 ml.) with methyl iodide (17 g.) 
for 4 hr., gave the methiodide (6-6 g., 99%), which crystallised as white needles, m. p. 136~— 
137° (Found: C, 45-7; H, 5-6. C,,H,,IN requires C, 45-7; H,5-6%). The methopicrate formed 
yellow plates, m. p. 123—124° (Found: C, 52-0; H, 4-8. C,,H,,N,O, requires C, 52-3; H, 
4-7%), from ethanol. 

cis-1-Methyl-3,4-cycloheptanopiperidine (I; R = Me).—(a) 3,4-Cycloheptenopyridine meth- 
iodide (6-6 g.), prehydrogenated Adams catalyst (2-5 g.), and ethanol (10 ml.) were shaken with 
hydrogen. Hydrogenation ended in about 10 hr. The catalyst was filtered off and the filtrate, 
after the addition of concentrated hydrochloric acid (1 ml.), was concentrated to 10 ml. The 
residue was basified with sodium hydroxide and the product was extracted with ether. The 
dried (K,CO,) ethereal extract was distilled, to give cis-1-methyl-3,4-cycloheptanopiperidine 
(3-36 g., 88%), b. p. 114—115°/22 mm., n,"* 1-4860 (Found: C, 78-9; H, 12-6; N, 7-8. C,,H,,N 
requires C, 79-0; H, 12-6; N, 8-3%). 

The picrate crystallised from ethanol as yellow needles, m. p. 201—202°, alone and mixed 
with cis-1-methyl-3,4-cycloheptanopiperidine picrate (m. p. 201—202°) described below. 

(6) Methylation of cis-3,4-cycloheptanopiperidine (3-2 g.) (see below) in the way described 
below for the fvans-isomer gave cis-1-methyl-3,4-cycloheptanopiperidine (2-8 g.), b. p. 114— 
116°/22 mm., n,,” 1-4840, that gave a picrate, yellow needles, m. p. 201—202° (Found: C, 51-4; 
H, 6-1; N, 14:3. (C,,H,,N,O, requires C, 51:5; H, 6-1; N, 141%) (from ethanol), and 
methiodide (formed in ether), needles, m. p. 270-5—271-5° (Found: C, 46-2; H, 7-6. C,,.H,,IN 
requires C, 46-6; H, 7-8%) (from ethanol). 

(c) Tetrahydro-1-methyl-3,4-cycloheptanopyridine (0-5 g.) (see below) in glacial acetic acid 
(10 ml.) was shaken in contact with hydrogen over Adams catalyst (0-2 g.). Uptake of 
hydrogen (108 ml.) ceased after 1 hr. The filtrate, on removal of the catalyst, was evaporated 
to dryness and the residue was basified with 10% sodium’ hydroxide solution. The dried 
(K,CO,) ethereal extract was concentrated and treated with picric acid (0-7 g.) in ethanol 
(5 ml.). There was an immediate yellow precipitate of the picrate (0-9 g.), m. p. 199—200°. 
This crystallised from ethanol as long yellow needles and had m. p. and mixed m. p. 202— 
202-5° with cis-1-methyl-3,4-cycloheptanopiperidine picrate (m. p. 202—202-5°). 

Ethyl a-Cyano-a-(cis-2-ethoxycarbonylcycloheptyl)acetate—Ethyl a-cyano-«-(2-ethoxycarb- 
onylcyclohept-1l-enyl)acetate (96 g.) was hydrogenated in ethanol (100 ml.) over Adams catalyst 
(1-8 g.). The theoretical amount of hydrogen was taken upin ll hr. The catalyst was filtered 
off and the residue distilled, to give ethyl «-cyano-a-(cis-2-ethoxycarbonylcycloheptyl)acetate (79 g., 
83%), b. p. 142—144°/0-3 mm., n,”° 14695 (Found: C, 64-0; H, 8-6. C,;H,,;NO, requires C, 
64-0; H, 83%). 

cis-2-Carboxycycloheptylacetic Acid.—Ethyl a-cyano-«-(cis-2-ethoxycarbonylcyclohepty]) - 
acetate (40 g.) and concentrated hydrochloric acid (300 ml.) were heated under reflux for 6 hr. 
The water was removed under reduced pressure and the residue was extracted with ether. The 
filtered extract was shaken with saturated sodium hydrogen carbonate solution. The carbonate 
extract was acidified with concentrated hydrochloric acid and extracted with ether. The 
dried (Na,SO,) ethereal solution was evaporated to give the acid as an oil which crystallised. 
Crystallisation from ether-light petroleum (b. p. 60—80°) gave cis-2-carboxycycloheptylacetic 
acid, m. p. 108—111° (Found: C, 60-0; H, 7-7. C,9H,,O,4 requires C, 60-0; H, 8-0%). When 
this acid was heated under reflux with acetic anhydride, trans-2-carboxycycloheptylacetic 
anhydride, b. p. 148—150°/0-3 mm., m,,™ 1-5003 (see below), was formed, as shown by its con- 
version into the ¢rans-imide. 

1-Cyanocycloheptene.—A stirred, ice-cooled mixture of cycloheptanone (100 g.), potassium 
cyanide (62 g.), and water (120 ml.) was treated with 40% sulphuric acid (200 ml.) dropwise for 
3hr. The stirring was continued with ice-cooling overnight. Distillation of the dried (Na,SO,) 
ethereal extract of the resulting oil gave the cyanohydrin (101 g., 81%), b. p. 136—140°/12 mm. 

Freshly distilled thionyl chloride (180 ml.) was added dropwise during 1} hr. to a stirred 
ice-cooled mixture of the cyanohydrin (101 g.) and dry benzene (200 ml.). The solution was 
then gently warmed on a water-bath for 14 hr. It was then cooled in ice and treated with 
water. The aqueous layer was extracted once with benzene (50 ml.), and the combined benzene 
layers were treated with anhydrous sodium carbonate. Distillation gave 1-cyanocycloheptene 





[1960] trans-3,4-Cycloheptanopiperidine and Related Compounds. 3451 


(63-5 g-, 72%), b. p. 95—96°/12 mm., n,?** 1-4880 (Found: C, 79-5; H, 9-3; N, 11-3. Calc. for 
C,HyN: C, 79-3; H, 9-2; N, 11-5%). ' 

Ethyl Cyclohept-1-enecarboxylate.—(a) 1-Cyanocycloheptene (63-5 g.), ethanol (290 ml.), and 
concentrated sulphuric acid (85 ml.) were heated under reflux for 60 hr. After cooling, the 
solution was diluted with a large volume of water, extracted with ether, and washed with 5% 
sodium hydrogen carbonate solution. The dried (Na,SO,) ethereal extract was distilled, to 
give ethyl cyclohept-l-enecarboxylate (63 g., 71%), b. p. 106—112°/14 mm. The residue from 
the distillation crystallised from methanol-ether as colourless needles of cyclohept-l-ene- 
carboxamide (4-1 g.), m. p. 125—127°. 

(b) Cyclohept-1-enecarboxamide (25 g.), ethanol (140 ml.), and concentrated sulphuric acid 
(40 ml.) were heated under reflux for 72 hr. The mixture was diluted with water (750 ml.), and 
the oil which separated was extracted thoroughly with ether. The dried (Na,SO,) combined 
ethereal extracts were distilled, to give ethyl cyclohept-l-enecarboxylate (22 g., 73%), b. p. 
116—119°/22 mm., u,,!° 1-4750. 

Diethyl trans-2-Ethoxycarbonylcycloheptylmalonate.—Ethyl cyclohept-l-enecarboxylate (53 
g.) and a solution prepared from sodium (7-6 g.), ethanol (88 ml.), and diethyl malonate (75:8 g.) 
were heated under reflux for 3 hr., then kept overnight. The usual processing gave the ester 
(76 g., 73%), b. p. 160—166°/0-2 mm., ,?” 1-4630 (Found: C, 61-9; H, 8-0. C,,H,,0, requires 
C, 62-2; H, 8-6%). 

trans-2-Carboxycycloheptylacetic Acid.—Diethy] trans-2-ethoxycarbonylcycloheptylmalonate 
(76 g.) and concentrated hydrochloric acid (300 ml.) were heated under reflux for 72 hr. The 
hydrochloric acid was removed under reduced pressure, leaving the acid (45-5 g., 98-4%) as a 
sticky syrup. A portion crystallised from ether-light petroleum (b. p. 60—80°) as clusters of . 
very small needles of trans-2-carboxycycloheptylacetic acid, m. p. 136—138° (Found: C, 60-0; 
H, 8-0. Cy, 9H,,O0, requires C, 60-0; H, 8-0%). 

trans-2-Carboxycycloheptylacetic Anhydride.—trans-2-Carboxycycloheptylacetic acid (45-5 g.) 
and acetic anhydride (450 ml.) were heated under reflux for 1 hr. Removal of acetic anhydride 
under reduced pressure, and distillation, gave trans-2-carboxycycloheptylacetic anhydride (37-7 g., 
91%), b. p. 134—136°/0-1 mm., n," 1-5005 (Found: C, 66-4; H, 7-6. Cy 9H,,O, requires C, 
65-9; H, 7-7%). 

trans - NN’ - Dimethyl - 2 - carbamoylcycloheptylacetamide.—trans - 2-Carboxycycloheptylacetic 
anhydride (1 g.) and 30% aqueous methylamine (4 ml.) were heated under reflux for l hr. The 
residue from evaporation under reduced pressure was pyrolysed for 4 hr. at 160°. The product 
crystallised, with difficulty, as a white powder, m. p. 138—140° (Found: C, 63-2; H, 9-2; N, 
1l-y. C,,H..N,O, requires C, 63-7; H, 9-8; N, 12-4%), from ethyl acetate. 

trans-3,4-Cycloheptanopiperidine-2,6-dione.—(a) trans-2-Carboxycycloheptylacetic anhydride 
(37-7 g.) and aqueous ammonia (400 ml.; d 0-880) were heated under reflux for 1 hr. The 
ammonia was removed under reduced pressure and the residue was pyrolysed at 165° for 6 hr. 
On cooling, the residue solidified. Crystallisation from ethanol gave the trans-imide (27 g., 
80%) as colourless plates, m. p. 162—164° (Found: C, 66-7; H, 8-3; N, 7-6. C,9H,,;NO, 
requires C, 66-3; H, 8-3; N, 7:7%). 

(b) trans-2-Carboxycycloheptylacetic anhydride (12-2 g.) was treated as in (a) but the 
residue, after removal of the aqueous ammonia, was pyrolysed at 190° for6 hr. The crystalline 
residue gave, after two recrystallisations from ethanol, white plates, m. p. 162—164°, of trans- 
imide (6-65 g., 55%). The residue remaining after concentration of the mother-liquor was 
extracted with light petroleum (b. p. 60—80°), to give the cis-imide (3-0 g., 25%) which formed 
white needles, m. p. 105—106° (Found: C, 66-5; H, 8-4; N, 7-9. Cj )H,,NO, requires C, 66-3; 
H, 8-3; N, 7-7%), from that solvent. 

trans-3,4-Cycloheptanopiperidine (Il; R = H).—The trans-imide (17-6 g.) was extracted 
(Soxhlet) into a solution of lithium aluminium hydride (17-5 g.) in ether (700 ml.). The excess 
of lithium aluminium hydride was decomposed with wet ether, and the base was liberated 
with sodium hydroxide solution and isolated by continuous extraction for 24 hr. with ether. 
Distillation of the dried (Na,SO,) ethereal extract gave trans-3,4-cycloheptanopiperidine (10-35 g., 
70%), b. p. 118—119°/14 mm., n,** 1-4940 (Found: C, 78-4; H, 12-5; N, 9-0. Cy9H,,N requires 
C, 78-4; H, 12-5; N, 91%). The picrate formed orange rhombs, m. p. 147—149° (Found: C, 
50-7; H, 5-6. C,,H,,N,O, requires C, 50-3; H, 5-8%), from ethanol. 

trans-1-Methyl-3,4-cycloheptanopiperidine (Il; R = Me).—trans-3,4-Cycloheptanopiperidine 
(10-35 g.), 40% aqueous formaldehyde (12-5 ml.), and 98% formic acid (16-8 ml.) were heated 
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on a water-bath for 4 hr. After cooling, the mixture was basified with potassium carbonate, 
The dried (K,CO,) ethereal extract gave, on distillation, trans-l-methyl-3,4-cycloheptano- 
piperidine (10-3 g., 91%), b. p. 112—114°/20 mm., n,"* 1-4830 (Found: C, 78-9; H, 12-6; N, 
8-5. C,,H,,N requires C, 79-0; H, 12-6; N, 8-4%). The picrate formed yellow needles, m. p, 
227—228° (Found: C, 51-4; H, 5-8. C,,H,,N,O, requires C, 51-5; H, 61%), from ethanol. 
The methiodide crystallised from ethanol in long white needles, m. p. 267—-268° (Found: C, 
46-8; H, 7-9. C,,H,,IN requires C, 46-6; H, 7-8%). The methopicrate crystallised from 
ethanol as yellow platelets, m. p. 115—116° (Found: C, 52-6; H, 6-3. C,,H,,.N,O, requires C, 
52-8; H, 6-4%). 

cis-3,4-Cycloheptanopiperidine (I; R = H).—The cis-imide (5-87 g.), reduced in the way 
described for the trans-isomer, gave cis-3,4-cycloheptanopiperidine (3-5 g., 71%), b. p. 118— 
119°/21 mm., ,,?** 1-4965 (Found: C, 78-3; H, 12-5; N,9-1%). The picrate gave pale yellow 
needles, m. p. 146—147-5° (Found: C, 50-2; H, 6-2; N, 14:3%), from benzene. 

Reduction of the Amidic Acids from trans-2-Carboxycycloheptylacetic Anhydride.—The mixed 
amidic acids (2 g.) (see below) were extracted (Soxhlet) into a boiling mixture of tetrahydro- 
furan (120 ml.) and lithium aluminium hydride (5 g.), and the mixture was boiled for 8 hr, 
After cooling, the excess of lithium aluminium hydride was decomposed with aqueous tetra- 
hydrofuran. The mixture was then acidified with concentrated hydrochloric acid, and the 
tetrahydrofuran was removed on the water-bath. The aqueous extract, after ether-extraction, 
was strongly basified with aqueous sodium hydroxide and extracted continuously with ether 
(24 hr.). The dried (K,CO,) extract was distilled, giving trans-3,4-cycloheptanopiperidine 
(0-35 g., 23%), b. p. 108—110°/10 mm., and a mixture of amino-alcohols (0-33 g., 19%), b. p. 
154—156°/8 mm. (Found: C, 70-8; H, 12-4; N, 7-7. Calc. for C,jgH,,NO: C, 70-2; H, 12-4; 
N, 82%). 

The lower-boiling fraction formed from ethanol a picrate, m. p. 146—148°, alone and mixed 
with trvans-3,4-cycloheptanopiperidine picrate (m. p. 147—149°). 

Reduction of 3,4-Cycloheptenopyridine with Sodium and Ethanol.—3,4-Cycloheptenopyridine 
(1-13 g.) in ethanol (125 ml.) was heated under reflux on a water-bath, and sodium (15 g.) was 
added during 14 hr. After cooling, the mixture was acidified with hydrochloric acid, and the 
alcohol was removed. The mixture was basified with potassium carbonate, and the base 
isolated with ether. The dried (K,CO,) ethereal extract was concentrated and treated with a 
solution of picric acid (2-2 g.) in ethanol. Tetrahydro-3,4-cycloheptenopyridine picrate (0-67 g.) 
crystallised from ethanol as yellow plates, m. p. 181—183° (Found: C, 50-4; H, 5-0; N, 14-6. 
CigH NO, requires C, 50-5; H, 5-3; N, 147%). 

Ethyl a-Cyano-a-(cyclohept-1-enyl)acetate—Cycloheptanone (25 g.), ethyl cyanoacetate (27-5 
g.), ammonium acetate (6 g.), and acetic acid (12 ml.) in dry benzene (125 ml.) were refluxed 
under a water-separator. The theoretical amount of water separated in 1 hr. The benzene 
solution was washed twice with water and twice with 10% sodium carbonate solution. The 
benzene was removed under reduced pressure and the residue was distilled, to give the product 
(41-4 g., 90%), b. p. 116—118°/0-25 mm., n,!"°5 1-5020 (Found: C, 70-2; H, 8-4. C,,H,,NO, 
requires C, 69-6; H, 8-3%). 

Cyclohept-1-enylacetonitrile—(a) Ethyl a-cyano-a-(cyclohept-l-enyl)acetate (16-8 g.) and 
concentrated hydrochloric acid (100 ml.) were boiled together for 24 hr. The ethereal extract 
of the mixture was washed with aqueous sodium hydrogen carbonate, dried (Na,SQ,), 
and distilled, to give unchanged starting material (3-0 g.), b. p. 115—116°/0-15 mm. The 
sodium carbonate washings were acidified with concentrated hydrochloric acid, and a dried 
(Na,SO,) ethereal extract therefrom was evaporated to dryness, leaving «-cyano-«-(cyclohept-l- 
enyl)acetic acid (6-65 g., 46%), m. p. 89—90°. Pyrolysis gave cyclohept-l-enylacetonitrile 
(3-5 g., 70%), b. p. 110—114°/14 mm., m,,” 1-4810. 

(b) Cycloheptanone (150 g.), cyanoacetic acid (113 g.), ammonium acetate (10-3 g.), and 
benzene (200 ml.) were heated under a water-separator. The required amount of water was 
collected after 17 hr. The benzene was removed under reduced pressure and the residue was 
pyrolysed at 200—230° for 45 min. The residue was diluted with ether and was washed with 
water. The dried (Na,SO,) solution was distilled, to give the product (149 g., 83%), b. p. 116— 
120°/18 mm. 

Hydrolysis of Cyclohept-1-enylacetonitrile—Cyclohept-l-enylacetonitrile (149 g.) and potass- 
ium hydroxide (300 g.) in water (750 ml.) were heated under reflux for 48 hr. The cooled mix- 
ture was poured into water and acidified with concentrated hydrochloric acid. The products 
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were extracted with ether. The ether was washed with sodium hydrogen carbonate solution, 
dried (Na,SO,), and distilled, to give cycloheptanone (28-5 g., 23%), b. p. 62—66°/18 mm., n,* 
1-4618. The carbonate extract was acidified with concentrated hydrochloric acid, and a dried 
(Na,SO,) ethereal extract therefrom was distilled to give a mixture of cyclohept-1-enylacetic 
and cycloheptylideneacetic acid (104 g., 61%), b. p. 158—160°/18 mm. 

This mixture (104 g.) was heated with pure thionyl chloride (135 ml.) in benzene (400 ml.) on 
a water-bath for 14 hr. The benzene and excess of thionyl chloride were removed under 
reduced pressure and the process was repeated with benzene (3 x 200 ml.). The residue was 
distilled, giving as the major product cyclohept-1l-enylacetyl chloride (77-6 g., 68%), b. p. 98— 
103°/13 mm. (reported b. p. 100—104°/13 mm.), and a mixture of cyclohept-l-enylacetyl and 
cycloheptylideneacetyl chloride (23-2 g., 20%), b. p. 104—120°/13 mm. (reported b. p. of cyclo- 
heptylideneacetyl chloride, 120—121°/13 mm.). The major part of the mixture had b. p. 104— 
110°/13 mm. 

eM ethylcyclohept-1-enylacetamide.—40% Aqueous methylamine (250 ml.) was added during 
30 min. to an ice-cooled solution of cyclohept-l-enylacetyl chloride (84-6 g.) in dry benzene 
(300 ml.). The mixture was stirred for 1} hr. The benzene layer was removed and the 
aqueous layer was extracted twice with benzene. The combined dried (Na,SO,) benzene layers 
were distilled, to give the amide (75-4 g., 92%), m. p. 34—38°, b. p. 1830—131°/1-5 mm., n, 
1-4980 (Found: C, 71-8; H, 10-3; N, 8-0. C,)H,,NO requires C, 71-8; H, 10-3; N, 8-4%). 

Tetrahydro-1-methyl-3,4-cycloheptenopyridine (I1X?).—(i) N-Methylcyclohept-1l-enylacetamide 
(75-4 g.), trioxymethylene (20 g.), and trifluoroacetic acid (270 g.) were heated on the water- 
bath for 6 hr. Trifluoroacetic acid and the excess of trioxymethylene were removed under 
slightly reduced pressure. The residue was distilled and the fraction (70 g.), b. p. 135— 
160°/0-5 mm., was collected. This fraction was redistilled, to give a fore-run (5-0 g.), b. p. 
<121°/0-2 mm., ,** 1-4000, and a main fraction (43-8 g.), b. p. 121—126°/0-15 mm., n,™ 
1-4980. 

The main fraction of tetrahydro-1-methyl-3,4-cycloheptenopyrid-6-one (42 g.) in dry ether 
(100 ml.) was added dropwise to lithium aluminium hydride (19 g.) in ether (100 ml.) at such a 
rate as to maintain refluxing. Heating was continued for a further 3 hr. and the excess of 
lithium aluminium hydride was decomposed with water. Distillation of the dried (K,CO,) 
ethereal extract gave the product (23-4 g., 61%), b. p. 112°/16 mm., n,*° 1-5000 (Found: C, 
79-8; H, 11-6. C,,H,,N requires C, 79-9; H, 11-6%) [picrate, yellow needles, m. p. 165—167° 
(Found: C, 52-1; H, 5-6; N, 14:1. C,,H,.N,O, requires C, 51-8; H, 5-6; N, 142%), from 
ethanol]. 

(ii) Tetrahydro-3,4-cycloheptenopyridine [from the picrate (0-3 g.)], 98% formic acid 
(0-6 ml.), and 40% aqueous formaldehyde (0-4 ml.) were heated for 4 hr. on the water-bath. 
The mixture was processed in the usual way and the product was treated with picric acid 
(0-2 g.) in ethanol (2 ml.), to give a picrate (0-2 g.), m. p. 124—128°, which formed yellow needles 
from ethanol. Two recrystallisations raised the m. p. to 164—166°, and a mixture with tetra- 
hydro-1-methyl-3,4-cycloheptenopyridine picrate (m. p. 165—167°) (see above) had m. p. 
164—166°. 

trans-1-Methyl-3,4-cycloheptanopiperidine 1-Oxide.—35% Hydrogen peroxide (6-3 ml.) was 
added slowly, with stirring, to ice-cold tvans-1-methyl-3,4-cycloheptanopiperidine (2-1 g.) in 
methanol (2 ml.). The mixture became homogeneous after about 3 hr., but it was kept for 
24hr. Platinum black, prepared from Adams catalyst (0-1 g.) in methanol (5 ml.), was added 
and the mixture was stirred for 4 hr. The catalyst was filtered off and the filtrate was treated 
with picric acid (3 g.) in boiling water. The immediate bright yellow precipitate (4-1 g.) of 
trans-1l-methyl-3,4-cycloheptanopiperidine 1-oxide picrate crystallised as bright yellow needles, 
m. p. 177—178° (Found: C, 489; H, 5:7. C,,H,,N,O, requires C, 49-5; H, 5-9%), from 
ethanol. 

cis-1-Methyl-3,4-cycloheptanopiperidine 1-Oxide.—In the same way cis-l-methyl-3,4-cyclo- 
heptanopiperidine (1 g.) gave cis-l-methyl-3,4-cycloheptanopiperidine l-oxide picrate (2 g.), 
yellow needles (from ethanol), m. p. 177—179° (Found: C, 49-7; H, 6-1; N, 13-5%). 

Hofmann Degradation of cis-1-Methyl-3,4-cycloheptanopiperidine Methiodide.—cis-1-Methy]l- 
3,4-cycloheptanopiperidine methiodide (5-9 g.) in water (70 ml.) was shaken with silver oxide 
prepared from silver nitrate (6-6 g.) and 10% sodium hydroxide solution (20 ml.). A filtered 
portion gave a negative iodide test after 4 hr. The filtrate was then concentrated at 45— 
50°/22 mm. The syrupy hydroxide was pyrolysed at 120—140° and the pyrolysate was 
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collected in a receiver cooled in dry carbon dioxide—acetone. The product was extracted with 
ether, and the dried (K,CO,) ethereal extract was distilled, to give cis-dimethylaminomethy]l-2- 
vinylcycloheptane (X) (3-1 g., 89%), b. p. 112—114°/23 mm., n,,! 1-4730 [picrate, yellow plates, 
m. p. 129—131° (Found: C, 52-5; H, 7-0. C,,H,.N,O, requires C, 52-7; H, 64%), from 
ethanol]. 

cis - Dimethylaminomethyl - 2 - ethylcycloheptane.—cis - Dimethylaminomethy] - 2 - vinylcyclo - 
heptane (2-8 g.), prehydrogenated Adams catalyst (0-4 g.), and ethanol (15 ml.) were shaken 
with hydrogen. Hydrogenation was complete in 1 hr. (uptake, 350 ml.). Filtration and 
distillation gave cis-dimethylaminomethyl-2-ethylcycloheptane (2-61 g., 92%), b. p. 118~ 
121°/34 mm., »,*5 1-4652. This gave a picrate, yellow needles, m. p. 130—131° (Found: C, 
52-5; H, 7-1. C,,H,,N,O, requires C, 52-4; H, 6-8%), from ethanol, and a methiodide, needles, 
m. p. 257—258° (Found: C, 48-6; H, 8-6. C,,;H,,IN requires C, 48-0; H, 8-5%), from acetone- 
ether. 

Hofmann Degradation of cis-Dimethylaminomethyl-2-ethylcycloheptane Methiodide.—This 
methiodide (3-8 g.), treated in the way described above, gave a crude product which was 
extracted with ether. The basic material was extracted with 2N-hydrochloric acid, and 
the extract was treated with aqueous sodium hydroxide and extracted with ether. The 
dried (K,CO,) ethereal extract was evaporated to dryness and treated with methyl iodide 
(4 g.). The methiodide (0-22 g., 6%) crystallised as white needles, m. p. 255-5—256-5°, from 
acetone—ether and gave no depression of m. p. on admixture with starting material (m. p. 
257—258°). 

The ethereal extract, after the washing with 2N-hydrochloric acid, was dried (Na,SO,) and 
distilled in the presence of crystals of quinol, to give 2-ethylcycloheptanemethine (0-85 g., 53%), 
b. p. 168—170°. The methine (0-4 g.), in dry ethyl acetate, was treated with a stream of ozone 
for 6 hr. Adams catalyst (0-2 g.) was added and the mixture was cooled and shaken with 
hydrogen. Hydrogen uptake (95 ml.) was completed in 5 min. Filtration and evaporation 
gave a residue which was converted into the 2,4-dinitrophenylhydrazone. This formed from 
ethanol red needles, m. p. 115—116°. A mixture with 2-ethylcycloheptanone 2,4-dinitro- 
phenylhydrazone (m. p. 117—118°) had m. p. 117—118°. -- 

Hofmann Degradation of trans-1-Methyl-3,4-cycloheptanopiperidine Methiodide.—The meth- 
iodide (10-05 g.), degraded in the same way as the cis-isomer, gave an unsaturated base, b. p. 
110°/35 mm. The picrate crystallised from ethanol as yellow platelets, m. p. 101—102° (Found: 
C, 52-5; H, 5-95. C,,H.gN,O, requires C, 52-7; H, 6-4%). 

trans-Dimethylaminomethyl-2-ethylcycloheptane.—The product of the preceding degradation 
(5 g.) was hydrogenated in the presence of 30% palladium-charcoal (0-26 g.) and ethanol 
(25 ml.). Hydrogen uptake was complete in 10 min. The ethanol was removed. trans-Di- 
methylaminomethyl-2-ethylcycloheptane picrate gave yellow needles, m. p. 96—98° (Found: 
C, 52-3; H, 6-7%), from ethanol. The methiodide formed plates, m. p. 254° (Found: C, 48-2; 
H, 86%), from ethanol. 

Hofmann Degradation of trans-Dimethylaminomethyl-2-ethylcycloheptane Methiodide.—This 
tvans-methiodide (5-4 g.) gave, in the usual way, a distillate, b. p. 70—80°/15 mm. The oil, 
isolated by ether-extraction of the distillate, was separated by 2N-hydrochloric acid into a basic 
and a neutral fraction (0-8 g.). 

The basic fraction gave, with methyl iodide, starting material (0-8 g., 15%), m. p. and mixed 
m. p. 254°, 

The neutral fraction was ozonised as above. Half of the product was converted into its 
semicarbazone which crystallised from aqueous alcohol as plates, m. p. 137—138° (Found: C, 
61-4; H,9-4. Calc. for C,gH,,N,0O: C, 60-9; H, 9-7%), mixed m. p. with 2-ethylcycloheptanone 
semicarbazone (m. p. 141—142°) 137-5—138-5°. The remainder of the product was converted 
into its 2,4-dinitrophenylhydrazone which crystallised from ethanol as red needles, m. p. 115— 
117° (Found: C, 56-4; H, 6-4. Calc. for C,;H.)N,O,: C, 56-25; H, 6-3%) alone and mixed with 
2-ethylcycloheptanone 2,4-dinitrophenylhydrazone (m. p. 117—118°). 

Ethyl 1-Ethyl-2-oxocycloheptane-1-carboxylate.—Ethyl 2-oxocycloheptanecarboxylate (30 g.), 
powdered sodium (3-75 g.), and dry toluene (300 ml.) were stirred overnight at room temper- 
ature. Ethyl iodide (27 g.) was added during } hr. and, after being stirred for a further 2 hr., 
the mixture was refluxed for 5 hr. The mixture was cooled and filtered. The filtrate was 
washed with water, the toluene removed under reduced pressure, and the product distilled, to 
give ethyl 1-ethyl-2-oxocycloheptane-l-carboxylate (20-5 g., 59%), b. p. 130—140°/13 mm. 
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[semicarbazone: needles, m. p. 146-5—147-5° (Found: C, 58-2; H, 8-4. C,3H,3N,O, requires 
C, 58-0; H, 8-6%), from aqueous alcohol]. : 

2-Ethylcycloheptanone.—Ethyl 1-ethyl-2-oxocycloheptane-l-carboxylate (20-5 g.), 48% 
hydrobromic acid (100 ml.), acetic acid (100 ml.), and water (50 ml.), were heated under reflux 
overnight. The ketone was removed with the acetic acid and water under reduced pressure. 
The distillate was neutralised with potassium hydroxide, and the ketone extracted with ether. 
Distillation of the dried (Na,SO,) extract gave 2-ethylcycloheptanone (9-3 g., 68-7%), b..p. 
198—202°, ,?” 1-4591 [semicarbazone: plates, m. p. 141—142° (Found: C, 61-2; H, 9-9. 
Calc. for CyyH,,N,;0: C, 60-9; H, 9-7%), from aqueous ethanol; 2,4-dinitrophenylhydrazone, red 
needles, m. p. 117—118° (Found: C, 56-6; H, 6-5. C,;H.»N,O, requires C, 56-25; H, 6-3%), 
from ethanol]. 

Amidic Acids form trans-2-Carboxycycloheptylacetic Anhydride-—The anhydride (35-4 g.) in 
dry benzene (250 ml.) was treated with dry ammonia for 4 hr. The deliquescent mixture of 
ammonium salts was collected and freed from benzene in a desiccator. The white powder was 
acidified with 6N-hydrochloric acid, giving a mixture of amidic acids (37-9 g., 98%). Crystallis- 
ation of the mixture (20 g.) from tetrahydrofuran-light petroleum (b. p. 60—80°) gave, as the 
most soluble fraction, platelets (2-7 g.) of trans-2-carbamoylcycloheptylacetic acid (VIII), m. p. 
156-5—158° (Found: C, 60-7; H, 8-6; N, 7-1. C,9H,,NO, requires C, 60-3; H, 8-6; N, 7-0%), 

fairly insoluble isomer, trans-2-carboxycycloheptylacetamide (VII), which crystallised from 
methanol as prisms (12-2 g.), m. p. 203-5—-204° (decomp.) (Found: C, 60-1; H, 8-6; N, 7-0%), 
and a mixture (1-4 g.), m. p. 175—176°. 

Hofmann Bromination of trans-2-Carboxycycloheptylacetamide.—The amidic acid (m. p. 
201—203°) (2 g.), in 10% aqueous sodium hydroxide (10 ml.), was treated at 0° with sodium 
hypobromite solution (14 ml.) [from 10% aqueous sodium hydroxide (70 ml.) and bromine 
(2-55 ml.)], then heated for 4 hr. at 70°. After cooling, the whole was made faintly acidic with 
6n-hydrochloric acid, and the product (1-09 g.) then separated (m. p. 174—176°). It gave a 
positive ninhydrin test. 

The product (1-7 g.) was pyrolysed at 190—195° for 3 min. The residue solidified on cooling 
and recrystallised from light petroleum (b. p. 60—80°), giving platelets of a mixture of lactams, 
m. p. 107—108° (Found: C, 70-5; H, 9-75; N,9-5. Calc. forC,H,,NO: C, 70-5; H, 9-9; N, 
9:15%). This was later shown to consist of two components, the more insoluble (0-15 g.), 
m. p. 165—167°, and the more soluble (0-37 g.), m. p. 81—85°. 

The lactam, m. p. 165—167° (0-24 g.), in dry ether (40 ml.) was added to lithium aluminium 
hydride (0-36 g.) in ether (20 ml.), and the solution was refluxed for 2 hr. The usual processing 
and treatment of the residue with picric acid gave trans(?)-3,4-cycloheptanopyrrolidine picrate 
which formed yellow needles, m. p. 186-5—188° (Found: C, 48-2; H, 5-2. C,;H.).N,O, requires 
C, 48-9; H, 5-45%), from ethanol. 

Similar treatment of the lactam, m. p. 81—85° (0-5 g.), gave cis(?)-3,4-cycloheptanopyrrolidine 
picrate which crystallised from ethanol as yellow needles, m. p. 122-5—124° (Found: C, 48-2; 
H, 5-45%); a mixed m. p. with cis-2,3-cycloheptanopyrrolidine picrate (m. p. 121—122°) was 
114—116°. 

Hofmann Bromination of trans-2-Carbamoylcycloheptylacetic Acid.—The amidic acid (m. p. 
156-5—158°) (2 g.) was treated as described for the isomer. A slight excess of 6N-hydrochloric 
acid was added to the cooled solution, which was then evaporated under reduced pressure. The 
organic material was dissolved in ethyl acetate, and the dried (Na,SO,) extract was con- 
centrated, leaving a sticky solid which could not be crystallised. On treatment with 10% 
aqueous sodium hydroxide (2 ml.) a portion crystallised and was recrystallised from light 
petroleum (b. p. 60—80°), to give trans-2,3-cycloheptanopyrrolid-5-one (cf. XVI) as plates, m. p. 
136—136-5° (Found: C, 70-9; H,-9-9; N, 8-8. C,H,,NO requires C, 70-5; H, 9-9; N, 9-1%). 

Ethyl 2-Oxocycloheptylacetate—Ethyl bromoacetate (15 g.) was added to 1-cycloheptenyl- 
pyrrolidine (15 g.) in dry dioxan (60 ml.) during $ hr. White crystals were formed and were 
replaced by a heavy red oil during boiling (2 hr.). After cooling, water (30 ml.) was added and 
the mixture stirred in the cold for 2 hr. The product was extracted with benzene, and the 
dried (Na,SO,) extract was distilled, to give ethyl 2-oxocycloheptylacetate (3-3 g., 18%), b. p. 
131—134°/9 mm., and cycloheptanone (2-2 g., 22%). The method of Plattner et al.,1* starting 
from ethyl 2-oxocycloheptylcarboxylate, gave ethyl 2-oxocycloheptylacetate in 33% overall 
conversion. 


18 Plattner, Fiirst, and Jirasek, Helv. Chim. Acta, 1946, 29, 730. 
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cis-2,3-Cycloheptanopyrrolid-5-one (XV1).—2-Oxocycloheptylacetic acid (10 g.), ammonium 
formate (19 g.), and 98% formic acid (7-5 ml.) were heated under reflux for 8 hr. The oj] 
precipitated by diluting the cooled mixture with water was collected in ether and distilled, 
cis-2,3-Cycloheptanopyrrolid-5-one (5-95 g., 66%), b. p. 125—127°/0-2 mm. (Found: C, 70-2; 
H, 9-7; N, 9-3%), crystallised as needles, m. p. 68—70°, from light petroleum (b. p. 60—80°). 

cis-2-Aminocycloheptylacetic Acid.—cis-2,3-Cycloheptanopyrrolid-5-one (1 g.) was refluxed 
for 3 hr. with concentrated hydrochloric acid (10 ml.). The mixture was evaporated to dryness 
under reduced pressure, to yield a glass which crystallised when treated with 10% aqueous 
sodium hydroxide (5 ml.). The amino-acid, m. p. 173—174° (Found: C, 57-2; H, 10-2. 
C,H,,;NO,,H,0O requires C, 57-1; H, 10-1%), separated from ethanol. 

cis-2,3-Cycloheptanopyrrolidine (XIV).—cis-2,3-Cycloheptanopyrrolid-5-one (2-3 g.) in dry 
ether (25 ml.) was added dropwise to lithium aluminium hydride (2-4 g.) in dry ether (100 ml.) 
at such a rate as to maintain refluxing. Then the mixture was refluxed for a further 3 hr. The 
usual processing gave cis-2,3-cycloheptanopyrrolidine (1-66 g., 79%), b. p. 100—104°/22 mm., 
n,** 1-4900 [picrate, orange needles, m. p. 121—122° (Found: C, 49-2; H, 5-7. Calc. for 
CysHagN,0;: C, 48-9; H, 55%), from aqueous ethanol]. 

cis-1-Methyl-2,3-cycloheptanopyrrolidine.—cis-2,3-Cycloheptanopyrrolidine (1:36 g.) was 
methylated in the usual way with formic acid and formaldehyde. cis-1-Methyl-2,3-cyclo- 
heptanopyrrolidine (1-1 g., 72%), b. p. 92—94°/22 mm.., ,* 1-4730, gave a picrate which formed 
yellow needles, m. p. 201—202° (Found: C, 50-7; H, 5-5. C,,H,.N,O, requires C, 50-3; H, 
5-8%), from ethanol. The methiodide gave needles, m. p. 246-5—247° (Found: C, 45-5; H, 
7°95. C,,H,.IN requires C, 44-8; H, 7-5%), from ethanol-ether. 

Ethyl 2-Hydroxyiminocycloheptylacetate—Ethyl 2-oxocycloheptylacetate (11-5 g.), hydroxyl- 
amine hydrochloride (10-1 g.), pyridine (18-3 ml.), and ethanol (60 ml.) were refluxed together 
for 1 hr. The cooled mixture was treated with water and extracted with ether. The ethereal 
layer was washed with 2Nn-hydrochloric acid, dried (Na,SO,), and distilled, to give the oxime, 
b. p. 150—156°/0-5 mm., m,,'* 1-4912 (Found: C, 63-0; H, %1. C,,H,gNO, requires C, 62-0; 
H, 9-0%). 

Hydrogenation of Ethyl 2-Hydroxyiminocycloheptylacetate.-The oxime (2-8 g.) in ethanol 
(100 ml.) was hydrogenated over a teaspoonful of Raney nickel at 60 atm. for 8hr. The catalyst 
and ethanol were removed and an ethereal solution of the product was extracted with 2N-hydro- 
chloric acid. The acid extract was basified with potassium carbonate, and ether then removed 
an oil which crystallised on cooling. The lactam (1-4 g., 70%) crystallised from light petroleum 
(b. p. 60—80°) as colourless plates, m. p. 73—75° (Found: C, 70-4; H, 9-8; N, 9-0. C,H,,NO 
requires C, 70-5; H, 9-8; N, 9-1%). Because of deterioration of the sample it could not be 
compared with the lactam obtained from the Leuckart reaction on 2-oxocycloheptylacetic acid. 

Amidic Acids from trans-2-Carboxycyclopentylacetic Anhydride.—trans-2-Carboxycyclo- 
pentylacetic anhydride (38-5 g.) in dry benzene (400 ml.) was treated with dry ammonia for 2 hr. 
The deliquescent solid product was collected and dried im vacuo. Acidification of the solid 
with 6N-hydrochloric acid gave a mixture (28-7 g., 74%), which (11-68 g.) on crystallisation 
from tetrahydrofuran-light petroleum (b. p. 60—80°) gave needles (6-31 g.) of an amidic acid, 
m. p. 165-5—167° (Found: C, 56-3; H, 7-8; N, 7-7. C,H,,NO, requires C, 56-1; H, 7-7; N, 
8-2%), fine needles (3-4 g.) of an isomer, m. p. 123—124° (Found: C, 56-6; H, 7-9%), anda 
mixture (1-24 g.), m. p. 152—154°. 

Amidic Acids from cis-2-Carboxycyclopentylacetic Anhydride.—Similar treatment of cis-2- 
carboxycyclopentylacetic anhydride (21 g.) gave a mixture of amidic acids (7 g.). Crystallis- 
ation from tetrahydrofuran-light petroleum (b. p. 60—80°) gave as the most soluble fraction an 
amidic acid which from benzene formed feathery plates, m. p. 115—117° (Found: C, 56-1; H, 
7-8; N, 8-1%), and a less soluble isomer, m. p. 163—165° (Found: C, 56-3; H, 7-5%). 

Pyrolysis of trans-2-Carboxycycloheptylacetamide.—The pure amidic acid (10 g.), m. p. 
203-5—204°, was pyrolysed at 220° under nitrogen for 1} hr. Recrystallisation of the residue 
from ethanol gave trans-3,4-cycloheptanopiperidine-2,6-dione (5-1 g., 56%), m. p. 160—162°. 
Evaporation of the mother-liquors and extraction of the residue with light petroleum (b. p. 
60—80°) gave the cis-imide (2-25 g., 25%), m. p. 105—106°. Equilibrium was reached in 
about 10 min. 

Similar results were obtained by pyrolysing ¢rans-2-carbamoylcycloheptylacetic acid. 

Pyrolysis of Amidic Acids Obtained from trans-2-Carboxycyclopentylacetic Anhydride.—(a) The 
mixed amidic acids (0-2 g.) were heated at 200° for 1 hr. under nitrogen. The residue was 
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triturated with tetrahydrofuran which left some starting material undissolved. Addition of 
light petroleum (b. p. 60—80°) to the tetrahydrofuran gave the cis-imide (0-1 g.), m. p. 86—87°. 

(b) Either of the pure amidic acids (0-6 g.) (see above) was heated at 210° for 14 hr. under 
nitrogen. Jecrystallisation of the product from ether—light petroleum (b. p. 60—80°) gave the 
cis-imide (0-4 g.), m. p. 88—90°. 

Equilibration of cis- and trans-Imides.—A mixed m. p. curve for these imides was con- 
structed, the temperatures at which the last trace of solid disappeared being recorded (see 
Table). The sample (0-1 g.) was sealed in a small bulb and suspended in the vapour of a boiling 


Mixed m. p. of cis- and trans-imide. 


GE BE) caccncssnescess 100 83-6 68-7 41-1 31-6 0 
ME enskaceetetiiecess 162° 153° 145° 133° 123° 106° 


Epimerisations of 2-carboxycycloheptylacetic imide. 


Starting Duration Composition, Starting Duration Composition, 
isomer Temp. (hr.) trans (%) isomer Temp. (hr.) trans (%) 

. Saw 195° 3 0 es 195° 50 68 

. ee 195 15} 38 SARS ...... 195 72 63 

AB scccevee 195 50 55 OE Vescvesss 244 72 61 

BIE xereveee 195 72 63 tvams ...... 244 72 61 

tvans ...... 195 1 100 


liquid. In this way the temperature at which the sample was held could be maintained to an 
accuracy of +0-5° for long periods. The solvents used were n-octyl alcohol (195°) and di-n-. 
butyl phthalate (244°). After the heating the bulbs were plunged into solid carbon dioxide— 
acetone. The imides were unaffected at 195° during 1 hr. No appreciable darkening occurred 
even after 72 hr. at 244°. 


We thank the Department of Scientific and Industrial Research for a maintenance grant 
(to G. G. A.). 
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694. The Synthesis of Some Acylglycines and Related Oxazolones. 
By R. M. Acueson, D. A. Bootu, R. BRETTLE, and (in part) A. M. Harris. 


A series of acylglycines has been prepared and the ultraviolet absorption 
spectra of the corresponding oxazolones, obtained with 4-dimethylamino- 
benzaldehyde and -cinnamaldehyde in the presence of acetic anhydride, have 
been measured. The sensitivity of these two aldehydes for the detection of 
the glycines on paper chromatograms has been investigated. 


HIPPURIC ACIDS are usually detected on paper chromatograms by spraying with 4-di- 
methylaminobenzaldehyde (4°) in acetic anhydride containing sodium acetate (Altman’s 
reagent) and subsequent heating to ca. 140° for 1—2 min. The procedure? converts 
the colourless acids into readily visible coloured oxazolones, and it has been stated ? that 
the reaction is highly specific for substituted benzoylglycines although it is known to be 
positive for their vinylogues.* About thirty compounds present in extracts of normal 
human urine give the reaction and although some of these are well recognised an appreciable 
number remain unidentified.* Several of these give very intense colours with Altman’s 
reagent, and it was therefore decided to synthesise a number of new acylglycines, and 
related oxazolones, to aid further studies of identification. 

The glycines listed in Table 3. were prepared by coupling the corresponding acid 


1 Gaffrey, Schreier, Di Ferrante, and Altman, J. Biol. Chem., 1954, 206, 695. 

? Smith, “‘ Chromatographic Techniques,” Heinemann, 1958, p. 195. 

* Acheson and Dearnaley, Canad. J. Biochem. Physiol., 1960, 38, 503; Smith, Paul, McGeer, and 
McGeer, ibid., 1959, $7, 1493; Armstrong, Shaw, and Wall, J. Biol. Chem., 1956, 218, 293. 
5T 
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chlorides, any hydroxyl groups being protected, with either glycine in aqueous alkali or 
ethyl aminoacetate in ether; the ester and protecting groups, if present, were then 
hydrolysed. The corresponding 4-f-dimethylaminobenzylideneoxazolones (Table 2), free 
hydroxyl groups being acetylated, were obtained from these glycines, and some others, 
by treatment with #-dimethylaminobenzaldehyde and acetic anhydride. Sodium acetate 
is often but not always used as a catalyst in similar oxazolone syntheses;* it proved 
unnecessary here, perhaps because of the basic nature of the aldehyde employed. All the 
glycines gave identical yellow-orange to deep purple colours on paper chromatograms when 
treated with the aldehyde and acetic anhydride in the presence or absence of sodium 
acetate. 

It has been reported recently 5 that 4-dimethylaminocinnamaldehyde is ten times as 
sensitive, but less selective, than the usual -dimethylaminobenzaldehyde in the Ehrlich 
test for pyrroles and indoles. In order to see if a similar replacement would increase the 
sensitivity of Altman’s reagent a number of oxazolones derived from this cinnamaldehyde 
were prepared (Table 2). Compounds 18 and 19 (Table 1) were very difficult to purify 
and six crystallisations were necessary before fairly satisfactory analytical results were 
obtained. The increase in the extinction coefficients of the visible absorption relative to 
those of the corresponding benzaldehyde derivatives was small although the positions of 
maximum absorption moved towards the red (Table 1). More disappointing was the 


TABLE 1. Visible and ultraviolet absorption spectra of the oxazolones. 


Com- 
pound Amax. (Mp) (10~4e) in 
no. 2-Subst. 4-Subst.* neutral EtOAc acid EtOAc 
Ph DMB 462 (5-35) 288 (1-1) 360 (3-8) 260 (1-7) 
m-Acetoxyphenyl DMB 466 (5-3) 303 (1-4) : 379 (2-7) . 260 (1-7) 
p-Acetoxyphenyl DMB 465 (5-15) 302 (1-1) 362 (3-7) 
m-Methoxyphenyl DMB 462 (5-5) 301 (1-15) 272 (1-1)..524 (0-4) . 261 (1-25) 
p-Methoxyphenyl DMB 459 (4-8) 303 (1-1) 524 (0-4) , 275 (1-2) 
3-Acetoxy-4-meth- DMB 460 (5-3) 305 (1-5) 530 (0-2) 371 (4-1) 274 (1-5) 
oxyphenyl 
3,4-Dimethoxy- DMB 463 (5:5) 317(1-1) 302 (1-1) 380 (2-5) 275 (0-9) 
phenyl 
3,4-Methylenedi- DMB 465 (6-6) 320 (1-2) 379 (4:1) 262 (1-6) 
oxyphenyl 
3,4,5-Trimethoxy- DMB 466 (5-3) 304 (1-3) 537 (0-6) 376 (3-3) 280 (1-3) 


DMB 477 (6-6) 320 (2-1) 550 (0-3) 377 (4-6) 288 (1-6) 
4-Methoxystyryl DMB _ 476 (6-3) 339 (2-2) 550 (1-4) 409 (3-4) 308 (1-3) 
3,4-Dimethoxy- DMB 480 (6-6) 340 (1-6) 560 (1:3) 420 (3-2) 
styryl 
3,4-Methylenedi- DMB 482 (6-6) 348 (1-7) 435 (3-2) 341 (2-6) 327 (2-5) 
oxystyryl 
4-Phenylbuta-1,3- DMB 487 (8-3) 340 (4-2) 420 (5-8) 309 (2-5) 
dienyl 
h DMC 483 (4:5) 327 (1-4) 260 (1-7) 379 (3-5) 


P 
m-Methoxyphenyl DMC 484 (4-6) 325 (1-4) 259 (1-5) 371 (4-5) 274 (0-9) 
p-Methoxyphenyl DMC 477 (4:1) 334(1-3) 263 (1-4) 396 (4-4) 290 (0-9) 
Styryl DMC 498 (3-4) 344 (1-5) 271 (1-9) 419 (3-1) 292 (1-2) 
4-Phenylbuta-1,3- DMC 6505 (7-8) 355 (3-8) 450 (7-8) 

dienyl 

* DMB = p-dimethylaminobenzylidene; DMC = 4-dimethylaminocinnamylidene. 


finding that the yellow-brown background colour produced by the 4-dimethylaminocinnam- 
aldehyde (0-2%)-acetic anhydride spray, and subsequent heating at 130—150°, was 
such that hippuric acid could not be detected after chromatography at concentrations 
of less than 1-5 yg. cm. on Whatman No. 1 paper, while the corresponding figure for the 
p-dimethylaminobenzaldehyde reagent was 0-2 yg. cm.*. A series of attempts to reduce 


* Carter, ‘‘ Organic Reactions,” 1946, Vol. III, p. 209. 
5 Harley-Mason and Archer, Biochem. J., 1958, 69, 60P. 
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this background, for instance by altering the heating time and temperature, reagent con- 
centration, or by subsequent spraying with acids, was unavailing. 

Increasing the conj jugation i in the substituent at position 4 by one double bond increases 
the wavelength of maximum absorption of the visible absorption band by 18—22 mu, and 
at position 2 by 15—19 my, in neutral solution; the changes are not so regular after 
acidification. Some of the oxazolones showed very shallow broad maxima at ca. 550 my, 
but in most cases such maxima could not be distinguished at the concentrations employed. 
The extinction coefficients for compound 18 (Table 1) are surprisingly low; it is possible 
that the fair analysis was a misleading representation of the purity of the compound. The 
visible and ultraviolet absorption spectra of the oxazolones are recorded in Table 1. 

As the benzylideneoxazolone ring readily opens in alcoholic solvents yielding cinnamic 
esters, the spectra (Table 1) were all measured in purified ethyl acetate. The values 
obtained for 4--dimethylaminobenzylidene-2-phenyloxazolone (I) are similar to those 
reported earlier® for ether and chloroform solutions. The intense colours of these 
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oxazolones can be related to resonance involving structures such as (II). The addition of 
concentrated sulphuric acid to the ethyl acetate solutions caused a very marked hypso- 
chromic change in their spectra (Table 1), which can be attributed to the addition of a 
proton to the dimethylamino-group. This prevents the formation of the charged resonance 


TABLE 2. Oxazolones derived from the appropriate glycine and p-dimethylamino- 
benzaldehyde and -cinnamaldehyde. 

Compound 

no. Found (%) aoe (%) 
(Table 1) Solvent Appearance M. p. Formula Cc 
A Red-brown* 210—211°¢ a — 
B Pale orange ® 174 CogH,,0,N, 68-9 
A Pale orange ® 180 CypH,,0O,N, 68-5 
B 
B 
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Crimson ¢ 188 Cyg9H;,0;N, 70-7 
Orange ° 191 CygH,,0,N, 70-5 
Orange *¢ 195 Cy,H»O;N, 66-8 
Deep red ¢ 219 CopHygO,N, 68-2 
Orange °¢ 236 CypH,,O,N, 67°8 
Orange-red ¢ C,,H,,0;N, 66-1 
Red-purple Cy9H,,0,N, 75°8 
Orange ° Cy,;Hg0O3N, 72-7 
Orange-red °¢ CogHy2O,N, 69-7 
Carmine 4 H,,0,N, 69-7 
Dark purple 76-5 
Purple ¢ H,sO,N, 75-6 
Maroon 4 72-6 
Purple ¢ 72-4 
Deep purple ¢ 76-4 
Purple-black 220 77-0 

A = benzene, B = acetonitrile, C = dioxan, D = nitromethane, E = acetone. * Gaffr 
give m. p. 208—210°; Hellerman; Porter, Lowe, and Koster (J. Amer. Chem. Soc., 1946, 
give 220°. % Prepared from the hydroxy-glycines. * Needles. * Prisms. * Plates. 
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contributor (II). In agreement with this the spectrum of 4-f-dimethylaminobenzylidene- 
2-phenyloxazolone under acid conditjons (Table 1) is very similar to that of 4-benzylidene- 
2-phenyloxazolone (Amax, 360 my, ¢ 4:2 x 104, in ether®). The possibility that the 
oxazolone ring is opened by the sulphuric acid has been excluded. The absorption 


* Bennett and Hoeger, J. Amer. Chem. Soc., 1952, 74, 5975. 
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spectrum of 4-$-dimethylaminobenzylidene-2-phenyloxazolone in methanol solution 
changed slowly. At equilibrium the spectrum [Amax, 362 my (¢ x 10~, 2-9), 233 my (1-85)] 
was presumably due to the cinnamic ester and was comparable with that of similar esters, 
Addition of sulphuric acid changed the absorption maxima to 285 (2-0) and 222 mu (1-6) 
which are widely different from those of the original oxazolone in acidified ethyl acetate. 

y-Oxo-y-phenylbutyric acid with #-dimethylaminobenzaldehyde and acetic anhydride 
gave 3-p-dimethylaminobenzylidene-2,3-dihydro-5-phenylfuran-2-one which is isosteric 
with the oxazolone (I). As expected, they have similar absorption spectra in neutral and 
acid solution, and y-oxo-y-phenylbutyric acid on paper chromatograms yielded a yellow- 
orange spot with Altman’s reagent. Although this keto-acid is perhaps an unlikely con- 
stituent of urine it is significant that Altman’s reagent can give intense colours on paper 
chromatograms with compounds other than glycine derivatives. Aromatic primary 
amines give deep yellow colours with the reagent without heating, and these are not 
intensified with heat. An interesting example is p-aminobenzoylglycine which gives a 
yellow Schiff’s base in the cold and subsequent heating yields a yellow-orange oxazolone. 

Dr. P. Smith has informed us that our synthetic 3-hydroxy-4-methoxybenzoylglycine 
(isovanilloylglycine) is chromatographically identical with his specimen obtained ‘from 
human urine.” 


EXPERIMENTAL 


The absorption spectra were measured by a Carey recording spectrophotometer for ca. 10°m- 
solutions in alcohol-free ethyl acetate. After acidification with sulphuric acid, so that the 
acid : oxazolone ratio was ca. 10*: 1, the spectra were immediately redetermined. 

3-Hydroxy-4-methoxybenzoic Acid.2—3-Hydroxy-4-methoxybenzaldehyde (30-4 g.) was added 
with rapid stirring to freshly prepared silver oxide (from 134 g. of silver nitrate) suspended in 
10% aqueous sodium hydroxide (800 ml.). After refluxing (2 hr.) and filtration while hot the 
filtrate was treated with sulphur dioxide until the pH reached 2-5. 3-Hydroxy-4-methoxy- 
benzoic acid (29-5 g.) separated on cooling, and after one crystallisation from ethanol had m. p. 
247° (lit.,2 m. p. 250°). It was acetylated and subsequently converted into the acid chloride 
for use in method C. 

Acylglycines (Table 3).—Method A. The acid chloride (0-05 mol.) in ether (24 ml.) was 
added in 10 min. in three portions to a stirred solution of glycine (0-25 mol.) in aqueous 0-5n- 
sodium hydroxide (80 ml.). N-Sodium hydroxide (50 ml.; total alkali 0-09 mol.) was added 
(50 min.) with stirring, so that the pH was kept between 7-4 and 8-0. After filtration the 
solution was strongly acidified, the acylglycine being precipitated. 

Method B. The finely powdered methoxycarbonyloxybenzoy] chloride (3-4 g.) was added to 
glycine (1-2 g.) in 0-5N-sodium hydroxide (20 ml.) and was followed by more N-alkali (21-5 ml.). 
After filtration as above, sodium hydroxide (1-9 g.) in water (4-5 ml.) was added and after 
15 min. the solution was strongly acidified, then saturated with salt, and the hydroxybenzoyl- 
glycine was extracted with ethyl acetate (3 x 100 ml1.). 

Method C. The acid chloride (0-044 mol.), dissolved or suspended in ether (250 ml.), was 
added to ethyl aminoacetate # (0-099 mol.) in ether (150 ml.). The residue obtained by 
evaporation of the ether gave on crystallisation the ethyl acylaminoacetate (Table 3). Shaking 
the ester (0-01 mol.) with sodium hydroxide (0-8 g., 0-02 mol.) in water (5 ml.) for 2 hr. and 
filtration, followed by acidification, precipitated the free acylglycine; O-acetyl and O-methoxy- 
carbonyl groups were also hydrolysed. 

Oxazolones (Table 2).—The hippuric acid (0-005 mol.), p-dimethylamino-benzaldehyde or 
-cinnamaldehyde (0-005 mol.), and acetic anhydride (3 ml.) were refluxed (20 min.) and poured 
into water. After $ hr. the product was filtered off, dried, and crystallised. 

3-p-Dimethylaminobenzylidene-2,3-dihydro-5-phenylfuran-2-one.—y-Oxo-y-phenylbutyric acid 


7? Hill, Ratcliffe, and Smith, Chem. and Ind., 1959, 399. 

® Cf. Pearl, J. Amer. Chem. Soc., 1946, 68, 429. 

® Spath and Burger, Ber., 1926, 59, 1494; Fischer and Freudenberg, Annalen, 1911, 384, 237. 
10 Fischer, Ber., 1901, 34, 436. 
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(1-05 g.) was refluxed for 10 min. with acetic anhydride (12 ml.), after which p-dimethylamino- 
benzaldehyde (0-9 g.) was added and refluxing continued for 30 min. The solid (0-58 g.), which 
separated on cooling to 0°, gave on successive crystallisation from benzene, acetonitrile, and 
benzene the furanone as crimson plates, m. p. 163—164° (Found: C, 78-2; H, 5-9; N, 4-8. 


TABLE 3. Acylglycines and their ethyl esters. 


Appear- Yield Found (%) Required (%) 
Acylglycine Method Solvent ance (%) M.p. Formula C H N C H WN 
m-Hydroxybenzoyl® B W Prisms 42 185° _ —-—- - eo er 
p-Hydroxybenzoyl Be W Prisms 41 234 C,H,O,N 55°5 46 7-4 55:4 5-0 7-2 
m-Methoxybenzoyl A W-E Prisms 88 120° C,,H,,O,N 57-4 53 6-7 57-4 5-4 6-9 
3,4-Dimethoxy- A W-E,E Plates 40 1904 C,,H,,0,N 55-0 5-5 5-7 55:2 5:5 5-9 
benzoyl 
3,4-Methylenedioxy- C WwW Needles 64 178° mo —- —- S- ere r 
benzoyl 4 
3-Hydroxy-4-meth- Cc WwW Prisms 63 203-5 CyH,,O;N 53-0 4:8 64 53:3 49 6-2 
oxybenzoyl 
3,4,5-Trimethoxy- Cc W-E Needles 76 215/ C,,H,,0,N 53-5 55 — 53-5 56 — 
benzoyl 
4Methoxycinnamoyl A E Needles 47 169  (C,,H,,0,N 61:3 5-6 6-0 61-4 5-7 5-7 
3,4-Dimethoxycin- A W,E Needles 90 182 (C,,H,,O;N 58-9 5-7 — 588 55 — 
namoyl 
3,4-Methylenedioxy- C W,W-E Needles 80 209 (C,,H,,O,N 57:7 46 5-7 57:38 44 5-6 
cinnamoyl 
5-Phenylpenta-2,4- A W-E Needles 76 216 C,,H,;0,N 67-9 5-3 — 67-6 5-7 — 
dienyl 


Ethyl acylaminoacetates 
3-Acetoxy-4-meth- Cc W-E Plates 93 137 C,,H,,O,N 56-9 5-7 4-7 56-9 5-8 4-7 
oxybenzoyl 
3,4-Methylenedioxy- 
benzoyl 
3,4,5-Trimethoxy- 
benzoyl 


Cc WwW Needles 78 889 — ae ae ee 
Cc 

3,4-Methylenedioxy- Cc W,E-W Needles 26 135-5 C,,H,,O,N 60-6 5-5 5-1 60-7 5-4 
Cc 


W-E Needles 75 109* C,,H,,O,N 56-8 6-4 4:9 56-5 6-4 4-7 


a 
_ 


cinnamoyl 
3,4-Dimethoxycin- 
namoyl 


E-W Rhombs 95 108 — Se ee 


Solvents: E = ethanol; W = water. * Previously prepared by the hydrolysis of ethyl 3-acetoxy- 
benzoylaminoacetate (Armstrong, Wall, and Porter, J. Biol. Chem., 1956, 218, 921) and by the 
diazotisation of 3-aminohippuric acid (Griess, Ber., 1868, 1, 190; Conrad, J. prakt. Chem., 1877, 15, 
259. ° Fischer (Ber., 1908, 41, 2880) briefly describes this synthesis and gives m. p. 238° (decomp.); 
Bray, Ryman, and Thorpe (Biochem. J., 1947, 41, 212) give m. p. 289—240°. ¢* Quick (J. Biol. Chem., 
1932, 97, 403) gives m. p. 122° for material isolated from human urine. # Kametaniand Iwakata (J. 
Pharm. Soc. Japan, 1950, 70, 258) give m. p. 191°. * Idem (ibid., p. 263) give m. p. 178° from a 
synthesis by method A. / Idem (ibid., p. 258) give m. p. 218°. % Sugasawa (ibid., 1935, 55, 224) give 
m. p. 109° from another synthesis. * Kametani et al. (ibid., p. 263) give m. p. 89° from another syn- 
thesis. 


C,yH,,NO, requires C, 78-3; H, 5-9; N, 4:8%). Crystallisation from benzene above ca. 40° 
gave a deep purple modification, which became red at ca. 150°, and had m. p. and mixed m. p. 
with the crimson form, 163—164°. The purple form reverted to the crimson form when seeded 
in benzene suspension. In ethyl acetate the furanone showed Ama, 436 my (10 5-0), 303 
(0-8), 241 (2-2), and after acidification 388 (3-0), 255 (2-1). 


We thank Mr. A. O. Plunkett for the spectral measurements and for general technical 
assistance. Gifts of chemicals from Dr. E. Schlittler of Ciba Pharmaceuticals Inc., Dr. D. A. 
Peak of Boots Pure Drug Company Ltd., and Dr. J. B. Jepson are gratefully acknowledged. 
This work was supported by a grant from the Rockefeller Foundation to this Department. 
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695. Substituent Interactions in ortho-Substituted Nitrobenzenes. 
Part I. 


By J. D. Loupon and I. WELLINGs. 


The adduct from hydrogen cyanide and diethyl o-nitrobenzylidene- 
malonate yields o-nitrophenylsuccinic acid by acidic hydrolysis, whereas in 
alkaline media, depending on the conditions used, it forms a derivative of 
1-hydroxy-2-quinolone or of l-hydroxyindole. Acetates derived from these 
N-hydroxy-compounds show strong infrared absorption around 1800 cm."}. 


THE oxidising action of the nitro-group, frequently a complicating factor in reactions of 
nitrobenzene derivatives, takes effect in various ways. The centres which undergo 
oxidation may be contained wholly or partly in the nitro-compound or may be external 
to it: the nitro-group itself may be completely or partially reduced. A simple example 
is the conversion of o-nitrobenzaldehyde into o-nitrosobenzoic acid, a reaction which may 
be either chemically! or photochemically? induced and may proceed with the help of the 
environment to 0-azoxybenzoic acid. When the nitro-group and a suitable side-chain 
are ortho to each other, heterocyclic ring-formation can occur and this may involve the 
nitro-group directly as is implied in the simple cyclisation of o-nitrophenylurea to 
3-hydroxybenzotriazine N-oxide* or of o-nitrophenylhydrazine to 1-hydroxybenzo- 
triazole. More commonly the ring-forming step occurs after the nitro-group has been 
reduced, but the particular case of cyclisation following upon self-provided oxidation- 
reduction has been little examined and indeed is difficult to diagnose because the sequence 
of events leading to the ultimate product is often obscure. We propose to study inter- 
actions between the nitro-group and ortho-side-chains and, in Parts I—III, we now describe 
several examples including both known and new types of_interaction. 

o-Nitrophenylsuccinic acid is typical of a number of compounds for which normal 
preparation is hampered because the requisite intermediates are susceptible to oxidation- 
reduction in an alkaline medium. Originally obtained by wasteful nitration of phenyl- 
succinic acid,5 it was recently prepared by Horner, Kliipfel, and Sahler ® who succeeded 
in adding hydrogen cyanide to methyl «-cyano-$-o-nitrophenylacrylate or to dimethyl 
2-nitrobenzylidenemalonate, and hydrolysed the adducts. The addition is the key- 
reaction and these authors did not effect it with diethyl 2-nitrobenzylidenemalonate (I). 
Under carefully controlled conditions, however, the adduct (II) and hence o-nitrophenyl- 
succinic acid can be prepared in good yield. On the other hand if either ester, (I) or (II), 
is allowed to react with potassium cyanide in ethanol there is formed a sparingly soluble 
potassium salt from which the cyclic hydroxamic acid (IV) is obtained. 


(I) 0-NO4*C,Hy*CH:C(CO, Et), (II) 0-NO4*CgHy*CH(CN)CH(CO,£t), 
(IIT) 0-NO,*CgH4*CH(CO*NH,)*CH(CO, Et), 


The structure assigned to this hydroxamic acid is based on the following evidence. 
The compound and the dicarboxylic acid (V), prepared from it by hydrolysis, each gave 
with ferric chloride the blood-red colour characteristic of the hydroxamic grouping. The 
dicarboxylic acid (V), (a) when strongly heated with sulphuric acid, afforded the known 
4-carboxy-2-quinolone (VI);7 (6) when reduced by zinc and acetic acid gave the 3,4-di- 
hydro-derivative 5 of this quinolone; (c) when heated with acetic anhydride gave the 


1 Heller, J. prakt. Chem., 1923, 106, 1. 

* Ciamician and Silber, Ber., 1901, 34, 2040. 

3 Arndt, Ber., 1913, 46, 3522; cf. Arndt and Rosenau, Ber., 1917, 50, 1248; Pfister, Tushler, Wilson, 
and Wolf, J]. Amer. Chem. Soc., 1954, 76, 4611. 

4 Zincke and Schwarz, Annalen, 1900, $11, 329. 

5 Fichter and Walter, Ber., 1909, 42, 4312. 

* Horner, Kliipfel, and Sahler, Annalen, 1955, 591, 85. 

7 Aeschlimann, J., 1926, 2902. 
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acetylated anhydride (VII). Hydrogenolysis of the anhydride, effected over palladium- 
charcoal, yielded a deacetoxy-anhydride (VII; H for OAc) hydrolysable to 3,4-dicarboxy- 
2-quinolone, and it was ascertained that the acetate derived from the known ® 3-carboxy-1- 
hydroxy-2-quinolone was similarly hydrogenolysed, affording 3-carboxy-2-quinolone.® 
A remaining slight possibility that the original compound was the 3,4-dihydro-derivative 
corresponding to (IV) was refuted by the ultraviolet spectral evidence. 

A quite different set of cyclic compounds is obtained from the adduct (II) under slightly 
different conditions. Thus in ethanol, potassium hydroxide (like potassium cyanide) 


CN CO,H CO3H 9? 
N ° N \e) N (e) N (@) 


OH OH H OAc 
(IV) (v) (VI) (VII) 


rapidly changes the adduct into the quinolone (IV), whereas sodium carbonate in ethanol- 
water more slowly converts it into the indole (VIII). The amide (III), obtained from (II) 
in cold concentrated sulphuric acid, is likewise cyclised by aqueous sodium carbonate to 
the amide-ester (as VIII; CO-NH, for CN), or by aqueous sodium hydroxide to the amide- 
acid (IX) which is also formed by hydrolysis of the nitrile-ester (VIII). These 1-hydroxy- 
indoles, because of the dark green colour they impart to solutions of ferric chloride in’ 
ethanol, are easily distinguished from 1-hydroxy-2-quinolones. That they are indeed 
indole derivatives was proved through reduction of the amide-acid (IX), by zinc and 
acetic acid, to a deoxy-compound (IX; NH for N-OH), followed by alkaline hydrolysis 
which afforded indole-2-carboxylic acid and hence, by decarboxylation, indole itself. 
Like other N-hydroxyindoles, described in this and in the following paper, both the amide- 
acid (IX) and its ethyl ester furnished O-acetyl derivatives (N-acetoxy-compounds) which, 
by hydrogenolysis over palladium-charcoal, afforded the corresponding indoles. 


RY 
Cc 


HH 
@u» CO CO-NH, \ qoute 
CO, Et CO,H +A7CO-R 
N N N,. A. 

OH OH -o Se OH 


(VIII) (IX) (X) 


The formation of these derivatives of 1-hydroxyindole corresponds to that of 1-hydroxy- 
indole-2-carboxylic acid from 2-nitrobenzylmalonic acid 1 or from ethyl «-2-nitrobenzyl- 
acetoacetate 11 in aqueous alkali. The course of such reactions can be pictured as the 
formation and decomposition of an internal condensate of type (X). The hydroxy- 
quinolone (IV), on the other hand, is a novel type of product from reactions of this kind. 
Its formation appears to require a strongly alkaline environment and reactivity in the 
benzylic hydrogen atom of compound (II). Thus in a weakly alkaline medium or in 
absence of the (activating) cyano-group (II; H for CN) the predominant product is a 
derivative of 1-hydroxyindole. While, however, alkali-promoted transfer of both acidic 
hydrogen atoms from the side-chain to the nitro-group in (II) could lead to an intermediate 
of the o-nitrosocinnamic type, the product (IV) corresponds to an intermediate of 2-hydroxy- 
aminocinnamic type. Reduction by some external agent must therefore be involved but 
cannot yet be specified. It has not been overlooked that direct reduction of the adduct 
(II) to the corresponding hydroxylamine might Jead to the quinolone (IV) through its 


® Heller and Wunderlich, Ber., 1914, 47, 2889. 

* Stuart, J., 1888, 58, 140. 

10 Reissert, Ber., 1896, 29, 639. 

1 Gabriel, Gerhard, and Wolter, Ber., 1923, 56, 1024. 
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3,4-dihydro-derivative, but Mr. J. P. Cairns has found that in practice such reduction 
yields the decyano-quinolone (IV; H for CN). 

In the work described here and in the two succeeding papers, the O-acety] derivatives 
of various 1-hydroxy-indoles and -quinolines have been prepared. All of them show strong 
carbonyl absorption in the infrared region around 1800 cm.* and this feature is a valuable 
guide to such N-hydroxy-structures. The absorption frequency is higher than that 
observed for simple O-acylhydroxylamines (v 1730—1770 cm.*) }%15 but it is approached 
by a band (v 1790 cm.) ® found for ON-diacylhydroxylamines. 


EXPERIMENTAL 

Ultraviolet spectra were measured for solutions in 95% ethanol: infrared spectra were taken 
for Nujol suspensions, and significant bands here noted were either strong or very strong unless 
specified (w) as weak. 

Diethyl 2-Nitrobenzylidenemalonate (I).—A solution of o-nitrobenzaldehyde (1-5 g.) and 
diethyl malonate (1-6 g.) in acetic anhydride (3-6 ml.) was heated with potassium hydrogen 
carbonate (1-5 g.) at 100° for 2 hr. Addition of the cooled mixture to water (150 ml.) gave an 
oil which gradually solidified. An ethereal solution of the solid, washed with aqueous sodium 
carbonate, then with water, was dried (Na,SO,) and concentrated, affording the ester (2-2 g.), 
m. p. 53° (from ethanol) (Found: C, 57-4; H, 5-0; N, 4:9. Calc. for C,4H,,O,N: C, 57:3; 
H, 4:8; N, 4-7%). Stuart ™ records m. p. 53°. 

Diethyl a-Cyano-a-2-nitrobenzylmalonate (I1).—To a solution of potassium cyanide (7-0 g.) 
in water (25 ml.) and ethanol (200 ml.) there was added, with cooling, dilute acetic acid (from 
45 g. of water and 5 g. of acetic acid) and then finely powdered diethyl 2-nitrobenzylidene- 
malonate (25 g.). The suspension, shaken at room temperature, gradually cleared to a yellow 
solution from which the product crystallised. After 2 hr. this was collected, and augmented 
with material precipitated from the mother-liquor by water, affording diethyl a-cyano-a-2- 
nitrobenzylmalonate, m. p. 46° (21 g.; from ethanol) (Found: C, 56-2; H, 48; N, 8-9. 
C,;H,,0,N, requires C, 56-2; H, 5-0; N, 8-7%). : 

Diethyl «-carbamoyl-a-2-nitrobenzylmalonate (III), m. p. 165° (from ethanol), was formed 
almost quantitatively when a solution of the nitrile-ester (II) in cold concentrated sulphuric 
acid was added to ice-water (Found: C, 53-3; H, 5-2; N, 8-5. C,;H,,0,N, requires C, 53-3; 
H, 5-4; N, 83%). 

o-Nitrophenylsuccinic acid, m. p. 188° [1-9 g.; from water (charcoal)], was obtained when a 
solution of the amide (III) (3-4 g.) in concentrated hydrochloric (150 ml.) and acetic acid 
(15 ml.) was heated under reflux (3 hr.) and concentrated in vacuo (Found: C, 50-0; H, 4-0; 
N, 6-2. Calc. for CyyH,O,N: C, 50-2; H, 3-8; N, 59%). Smaller yields were obtained by 
direct, similar hydrolysis of the nitrile-ester (II). The acid, heated with acetyl chloride, 
afforded o-nitrophenylsuccinic anhydride, m. p. 128° (from acetic anhydride) (Found: C, 54-4; 
H, 3-0; N, 6-4. Calc. for CyJH,O,N: C, 54:3; H, 3-2; N, 63%). Horner, Kliipfel, and 
Sahler * record m. p.s 175° for the acid and 129° for the anhydride. 

Ethyl 4-Cyano-1,2-dihydro-1-hydroxy-2-oxoquinoline-3-carboxylate (IV).—A_ solution of 
potassium cyanide (2-64 g.) in water (4 ml.) was slowly added to a stirred and refluxing solution 
of diethyl 2-nitrobenzylidenemalonate (2-9 g.) in ethanol (30 ml.). After a further 15 minutes’ 
stirring and heating, the mixture was cooled and the orange-red crystals which separated were 
collected, washed with ether, dissolved in water (100 ml.), and treated with 5Nn-hydrochloric 
acid (5 ml.). The resultant precipitate was redissolved in hot water (ca. 50 ml.) and strongly 
acidified with dilute hydrochloric acid, affording the quinolone (IV) as yellow needles, m. p. 
158° (0-6—0-7 g.; from acetic acid), Amy 255 and 310 my. (e 14,000 and 4600), infl. at 230 mp 
(e 17,400), vmx, 3130 (broad), 2200w, 1745, 1640 cm. (Found: C, 60-5; H, 3-9; N, 10-9. 
C,3H,,O,N, requires C, 60-4; H, 3-9; N, 10-9%). 

1,2-Dihydro-1-hydroxy-2-oxoquinoline-3,4-dicarboxylic acid (V) was obtained as cream- 
coloured cubes of the monohydrate, m. p. 294° (decomp.) (from aqueous acetic acid), when a 
solution of the ester (IV) (1-3 g.) in a mixture of water (16 ml.), acetic acid (8 ml.), and concen- 
trated sulphuric acid (1-2 ml.) was heated under reflux for 2 hr.; it had Amax, 235, 295, and 360 

#2 Jencks, J. Amer. Chem. Soc., 1958, 80, 4581. 


18 Exner and Horak, Coll. Czech. Chem. Comm., 1959, 24, 2992. 
™ Stuart, J., 1885, 47, 158. 
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my (e 2700, 7000, and 4000), Vnax, ca. 3480 (broad), 1720 cm.“1 (Found: C, 49-8; H, 3-6; N, 5-5. 
CyH,ON JH,O requires C, 49-5; H, 3-4; N, 52%). 

This acid (1 g.) was heated with water (50 ml.) and concentrated sulphuric acid (4 ml) i in 
a sealed tube at 270° for 5hr. The solid product was dissolved in dilute sodium carbonate, and 
the filtered solution acidified, affording 2-hydroxyquinoline-4-carboxylic acid (VI), m. p. 
and mixed m. p. with an authentic sample,’ 343° (decomp.) (from acetic acid), Amsx 230, 280, 
and 340 my (e 23,400, 4700, 4700) (Found: C, 63-3; H, 3-9; N, 7-5. Calc. for C,jH,O,N: 
C, 63-5; H, 3-7; N, 7-4%). 

Zinc dust (1 g.) was added to a solution of the acid (V) (0-3 g.) in acetic acid (8 ml.) and 
§n-hydrochloric acid (2 ml.), and the whole heated (1 hr.) under reflux. Concentration of the 
resultant solution afforded 1,2,3,4-tetrahydro-2-oxoquinoline-4-carboxylic acid, m. p. and 
mixed m. p. with an authentic sample® 221° (from water), Apax 250 my (e 10,000) (Found: 
C, 62:9; H, 4:6; N, 7-4. Calc. for CjjgH,O;N: C, 62-8; H, 4-7; N, 7-3%). 

1-Acetoxy-1,2-dihydro-2-oxoquinoline-3,4-dicarboxylic anhydride (VII), m. p. 232° (decomp.), 
Vmax. 1862, 1825, 1790, 1640 cm.”}, crystallised from the solution formed by heating the 1-hydroxy- 
dicarboxylic acid (0-7 g.) in acetic anhydride (2 ml.) for 5 min. (Found: C, 57-5; H, 2-7; N, 5-3; 
0-Ac, 16-0. C,3;H,O,N requires C, 57-1; H, 2-6; N, 5-1; 10-Ac, 158%). The compound did 
not affect the colour of ferric chloride in ethanol. 

2-Hydroxyquinoline-3,4-dicarboxylic Acid and its Anhydride.—A solution of the acetoxy- 
anhydride (VII) (0-3 g.) in acetic acid (10 ml.) was hydrogenated at ordinary temperature and 
pressure over 5% palladium-charcoal (0-2 g.). After the uptake of 1 mol. of hydrogen the 
filtered and concentrated solution afforded 2-hydroxyquinoline-3,4-dicarboxylic anhydride, m. p. 
349° (decomp.) (from acetic anhydride) (Found: C, 61-5; H, 2-6; N, 6-45. C,,H,;O,N requires’ 
C, 61:5; H, 2-3; N, 65%). When warmed with dilute hydrochloric acid this anhydride gave 
the corresponding dicarboxylic acid, m. p. 358° (decomp.) (from water), for which various 
m. p.s have been recorded ® (Found: C, 56-8; H, 3-0; N, 6-0. Calc. for C,,H,O,;N: C, 56-7; 
H, 3-0; N, 6-0%). Reduction of the dicarboxylic acid by zinc in acetic acid proceeded with 
decarboxylation to 1,2,3,4-tetrahydro-2-oxoquinoline-4-carboxylic acid, m. p. and mixed 
m. p. 221°. 

Experiments with 1,2-Dihydro-1\-hydroxy-2-oxoquinoline-3-carboxylic Acid.—This acid ® 
afforded (a) the ethyl ester, m. p. 168° (from ethanol), Amax, 240, 290, 360 my (e 37,000, 8500, 
4500), Vinax. (8000—2690), 1740, 1620 cm. (Found: C, 62-0; H, 4:9; N, 6-2. C,H,,O,N 
requires C, 61-8; H, 4-7; N, 6-0%), and (b) 1-acetoxy-1,2-dihydro-2-oxoquinoline-3-carboxylic 
acid, m. p. 203° (from acetic anhydride), v»,x, 1805, 1750, 1640 cm.! (Found: C, 58-2; H, 3-3; 
N, 5:8. C,,.H,O;N requires C, 58-4; H, 3-6; N, 5-7%). Hydrogenolysis of this acetoxy- 
compound, as described for its analogue (VII), gave 2-hydroxyquinoline-3-carboxylic acid,™ 
m. p. 330° (1rom acetic acid) (Found: C, 63-5; H, 3-9; N, 7-5. Calc. fo. CjgH,O,N: C, 63-5; 
H, 3-7; N, 7-4%). 

3-Cyano-1-hydroxyindole-2-carboxylic Acid.—A solution of diethyl «-cyano-a-2-nitrobenzyl - 
malonate (II) (3-2 g.) and sodium carbonate (3-2 g.) in water (8 ml.) and ethanol (24 ml.) was 
heated under reflux (2 hr.), concentrated, cooled, and added to dilute sulphuric acid, affording 
the ethyl ester (VIII), m. p. 116° (1-5 g.; from benzene-light petroleum of b. p. 40—60°), vinax. 
3260 (broad), 2200, 1685 cm. (Found: C, 62-3; H, 4:4; N, 11-8. C,,.H,,0O,N, requires C, 62-6; 
H, 4-4; N, 12-1%). Hydrolysis of the ester by potassium hydroxide in aqueous ethanol gave 
(a) 3-cyano-1-hydroxyindole-2-carboxylic acid, m. p. 211° (from water) (Found: C, 59-5; H, 2-9; 
N, 13-6. C,,H,O,N, requires C, 59-4; H, 3-0; N, 13-8%) or (b), on prolonged reaction, the 
amide (IX). 

3-Carbamoyl-1-hydroxyindole-2-carboxylic Acid (IX).—Acidification of the yellow solution 
obtained by warming (10 min.) the amide (III) (3-4 g.) with 5nN-sodium carbonate (50 ml.) gave 
ethyl 3-carbamoyl-1-hydroxyindole-2-carboxylate, m. p. 207° (decomp.) (from aqueous acetic 
acid), Vinax, 3350, 3150, 1700 cm.-1 (Found: C, 58-3; H, 4-8; N, 11-4. C,,H,,O,N, requires 
C, 58-1; H, 4-9; N, 113%). This reacted (a) with acetic anhydride to form the corresponding 
l-acetoxyindole, m. p. 168° (from ethanol), Vmax, 1800 cm. (Found: C, 58-1; H, 5-0; N, 9-6. 
C,,H,,0,N, requires C, 58-0; H, 4:8; NN, 9-6%), and (b) with warm dilute sodium hydroxide to 
give, after acidification, the carboxylic acid (IX), m. p. 245° (decomp.) (from acetic acid) (Found: 
C, 548; H, 3-6; N, 12-8. C,sH,O,N, requires C, 54-6; H, 3-7; N, 12:7%). This acid was also 


%® Yokoyama, J. Chem. Soc. It. 1936, 57, 251; cf. Chem. Abs., 1936, 30, 5204; Lindwall and 
Zrike, J. Amer. Chem. Soc., 1936 King, King, ‘and Thomson, J., 1948, 552. 
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obtained directly from the compound (III) with warm dilute sodium hydroxide. It reacted 
with acetic anhydride, forming 1-acetoxy-3-carbamoylindole-2-carboxylic acid, m. p. 187° (from 
acetic anhydride), vmx, 1800 cm. (Found: C, 55-2; H, 3-7; N, 10-4. C,,.H,)O;N, requires 
C, 55-0; H, 3-8; N, 10-7%). 

Conversion of the Acid (IX) into Indole——To a boiling solution of the hydroxyindole (IX) 
(0-5 g.) in acetic acid (30 ml.) zinc dust (1-5 g.) was added in small portions. Heating was 
continued for 1 hr. and then the concentrated solution gave 2-carbamoylindole-2-carboxylic acid, 
m. p. 284° (decomp.) (from acetic acid) (Found: C, 58-6; H, 4:0; N, 13-6. C,9H,O,N, requires 
C, 58-8; H, 3-9; N, 13-7%). The same compound was obtained by hydrogenolysis of the 
l-acetoxyindole derived from acid (IX). It was hydrolysed with partial decarboxylation when 
heated for 2 hr. with aqueous sodium hydroxide affording, after acidification, indole-2-carboxylic 
acid, m. p. 204° (from water) (Found: C, 67-2; H, 4:6; N, 8-6. Calc. for C,H,0O,N: C, 67-1; 
H, 4:4; N, 8-7%), which, when briefly heated with soda-lime at 220°, yielded indole, as shown 
by recovery in ethanol and isolation as the picrate, m. p. and mixed m. p. 182°. 

Ethyl 3-carbamoylindole-2-carboxylic acid, m. p. 200° (from ethanol), was obtained by 
hydrogenolysis of the corresponding l-acetoxyindole (Found: C, 62-0; H, 5-4; N, 12-3. 
C,.H,,0,N, requires C, 62-1; H, 5-2; N, 12-1%). 
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Part II 


By J. D. Loupon and G. TENNANT. 


Potassium cyanide reacts with 2-nitro-«-phenylcinnamonitrile (I) or 
with «a-o-nitrophenylcinnamonitrile (VIII), forming 2-amino-4-cyano-3- 
3-phenylquinoline N-oxide (II) and 3-cyano-l-hydroxy-2-phenylindole 
(III). Derivatives of 1-hydroxyindole are also formed from «-benzyl-2- 
nitrobenzyl cyanides, e.g., (IX), by treatment with alkali. 


By the action of potassium cyanide and ammonium chloride on 2-nitro-«-phenylcinnamo- 
nitrile (I) Brand and Loehr? obtained a compound to which they ascribed the formula, 
C,,H,,ON;, but did not assign a structure. The more plausible formula, C,,H,,ONs, is 
not inconsistent with the analyses recorded, and analogy with the formation of the 
1-hydroxy-2-quinolone, described in Part I, suggested (II) as a possible structure. We 
have therefore re-examined the reaction and find that it leads to a mixture of products 
among which the base (II) and an acidic compound (III) predominate. By adjusting the 
reaction conditions either of these products can be obtained at will. 

The base, a yellow crystalline solid, gave a blue-green colour with ferric chloride in 
ethanol. With concentrated hydrochloric acid it formed a rather unstable, colourless 
hydrochloride and with acetic anhydride yielded an N-acetyl derivative (v 1670 and 1550 
cm.*). With iron and hydrochloric acid it was reduced to a deoxy-compound which was 
likewise basic and acetylatable. The presence of a cyano-substituent in these compounds, 
as shown by their infrared spectra (v 2220 cm.*), was confirmed for the deoxy-base by 
alkaline hydrolysis to the amide (IV). This amide resisted further hydrolysis, and with 
nitrous acid formed the carbostyril (V) which was obtained as the monohydrate and was 
identified by synthesis via the carboxylic acid prepared from isatin and phenylacetic acid.* 

The colourless acidic compound (III) which accompanied the base (II) reacted with 
acetic anhydride to form an acetate whose infrared spectrum contained a strong absorption 

1 Part I, preceding paper. 


® Brand and Loehr, J. prakt. Chem., 1925, 109, 359. 
* Hiibner, Ber., 1908, 41, 482. 
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band at 1805 cm.1. This is indicative of a cyclic ‘N-OAc grouping (Part I) and, consist- 
ently, hydrogenolysis of the acetate afforded a non-acidic deoxy-compound (III; H for 
OH). A cyano-group, present in these compounds (v 2210 cm.*), was again rather 
difficult to hydrolyse but forceful alkaline conditions converted compound (III) into 


Som yp 
i 7 ol 
2 
(II) ~ 


(IIT) oH 
Mi NH, CO-NH, 
a6: C . Cl 
Z OH Ph 
7 NH, N 
(IV) (VI) OH 


1-hydroxy-2-phenylindole (VI), apparently by hydrolysis and decarboxylation. The 
indole (VI) was originally prepared * by cyclodehydration of benzoin oxime and closely 
resembles the nitrile (III) in acidity and in ultraviolet and infrared spectra, but it differs 
markedly in imparting a deep red-brown colour to ferric chloride in ethanol, whereas the 
compound (III) is without effect. Although we were unable to prepare a crystalline 
acetate, the benzoate 5 from 1-hydroxy-2-phenylindole was found to have a carbonyl band 
at a significantly high frequency (v 1760 cm.*), and to give 2-phenylindole on hydrogen- 
ation. Hydrogenation of 1-hydroxy-2-phenylindole (VI) likewise gave 2-phenylindole 
when conducted in acetic anhydride, but not in acetic acid wherein formation of the 
acetate is unlikely. As a further confirmation of the structure (III) the cyanoindole, 
identical with the deoxy-compound (III; H for OH), was synthesised by dehydrating 
2-phenylindole-3-aldoxime.® 

From these results it is clear that the adduct (VII) is primarily formed by the action 
of potassium cyanide on the cinnamonitrile (I). The same intermediate should be formed 
by similar addition to the isomeric nitrile (VIJI). This nitrile was prepared by condensing 
benzaldehyde with eae cyanide and, as expected, also reacted with potassium 


CN 
¢H 
of SOHIEN). Ph os SCHPh ng So SCH3Ph 
NO, NO, NO, 
(VII) (VIII) (IX) 
H OH 
Ee Ope OE Oc, 
A” CN ueN N=CPh 
hy OH 
(XI) 


cyanide to oe the products-(II) and (III) under appropriate conditions. Therefore, 
although the adduct itself has not been isolated, the pattern of reactions is closely 
analogous to that described for ethyl 2-nitrobenzylidenemalonate (Part I). It is 
interesting also to note the commanding influence of cyanide ion on the course of the 
reaction. In its absence initially, i.e., in aqueous-ethanolic alkali, the nitrile (I) is rapidly 
transformed into N -benzoylanthranilic acid,’ perhaps through the intermediates (X)—(X1I). 

* Fischer and Hiitz, Ber., 1895, 28, 585. 

5 Angeli and Angelico, Atti Accad. naz. Lincei, Rend. Classe Sci. fis. mat. nat., 1906, 15, I!, 762. 


* Blume and Lindwall, J. Org. Chem., 1945, 10, 255. 
7 Pschorr and Wolfes, Ber., 1899, 32, 3399. 
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Earlier in these laboratories Mr. J. McLean observed that, while the nitrile (IX) could 
be hydrolysed to the corresponding carboxylic acid (via the ethyl ester) by sulphuric acid 
in ethanol, it was converted by potassium hydroxide in aqueous ethanol into an unidentified 
acidic compound, C,,H,,O,N,. Renewed examination has now identified this compound 
as the 5-methoxy-derivative of the indole (III). Thus its infrared spectrum reveals an 
intact cyano-group (v 2205 cm.*), and the spectrum of the derived acetate contains the 
band at 1805 cm. characteristic of this type of N-acetoxy-compound: hydrogenation of 
the acetate affords 3-cyano-5-methoxy-2-phenylindole. 5-Methoxy-2-nitro-«-(3,4,5-tri- 
methoxybenzyl)benzyl cyanide ® [as IX; C,H,(OMe), for Ph] was similarly cyclised to, 
and identified by means of, a tetramethoxy-derivative of the indole (ITI). 


EXPERIMENTAL 


«-0-Nitrophenylcinnamonitrile, m. p. 115° (from ethanol), was prepared by adding a few 
drops of piperidine to a melt of 2-nitrobenzyl cyanide (1-5 g.) and benzaldehyde (1 g.) at 65°, 
cooling the resultant mixture and, after 48 hr., collecting the crystalline product (Found: 
C, 71-85; H, 3-8; N, 11-3. C,;H,,O,N, requires C, 72-0; H, 4:0; N, 11-2%). 

2-Amino-4-cyano-3-phenylquinoline 1-Oxide (I1).—(a) (Repetition of Brand and Loehr’s 
experiment.) Solutions of o-nitro-«-phenylcinnamonitrile (8 g.) in ethanol (80 ml.), potassium 
cyanide (6 g.) in water (10 ml.), and ammonium chloride (5 g.) in water (10 ml.) were mixed, 
treated with piperidine (1 ml.), and heated at 100° for 15 hr. The mixture which contained 
suspended solid was then added to water and extracted with chloroform. The dark chloroform 
extract was washed with dilute sodium hydroxide solution (a rather insoluble sodium salt may 
be formed), then with water, and the washings were combined with the original aqueous layer 
and worked up for 3-cyano-l-hydroxy-2-phenylindole (30% yield; cf. below). Evaporation 
of the dried chloroform extract left a soft crystalline mass and this was rubbed with benzene 
(removing some highly coloured material and an oil which were not further examined). The 
solid residue gave yellow needles of 2-amino-4-cyano-3-phenylquinoline l-oxide, m. p. 236° 
(3-4 g.; from ethanol), Amax, 227, 265, 335, 404 my (e 21,000, 31,600, 7000, 8500), vnax, 3250, 3400, 
2220 cm. (Found: C, 73-5; H, 4-0; N, 15-9. C,,H,,ON, requires C, 73-6; H, 4:2; N, 16-1%). 
Treated with acetic anhydride and a trace of concentrated sulphuric acid, it formed the 
2-acetamido-derivative, m. p. 238° (decomp.) (from dimethylformamide), vmax, 1550, 1670, 2220 
cm."1, giving a weak red colour with ferric chloride in ethanol (Found: C, 71-0; H, 4-6; N, 13-7. 
C,,H,,0,.N, requires C, 71-3; H, 4:3; N, 13-9%). 

(b) The brown solution formed by warming o-nitro-«-phenylcinnamonitrile (2 g.) with 
aqueous potassium cyanide (3 ml; 50%) and ethanol (12 ml.) deposited the above-mentioned 
amine (0-6 g.) when cooled at 0°. From the filtered mother-liquor, after separation into acidic 
and non-acidic fractions as described in (a), more of this amine (0-31 g.) and some 3-cyano-l- 
hydroxy-2-phenylindole (0-44 g.; cf. below) were obtained. These products were identified 
by mixed m. p.s and infrared spectra. 

{c) a-o-Nitrophenylcinnamonitrile (0-25 g.), 50% aqueous potassium cyanide (2 ml.), and 
ethanol (3 ml.), when treated as in (b), also gave the aminoquinoline (0-05 g.) and the hydroxy- 
indole (0-14 g.). 

3-Cyano-1-hydroxy-2-phenylindole (III).—Acidification of the alkaline solutions obtained 
as in (a), (b), and (c) of the foregoing section, gave a curdy yellow precipitate which afforded 
3-cyano-1-hydroxy-2-phenylindole as almost colourless pointed slabs (from ethanol, after 
charcoal-treatment) or as long felted needles (from ethanol—water), m. p. 195°, Amax, 220, 245, 
305 muy (e 25,300, 24,400, 17,700), Vmax, 2220 cm. (Found: C, 77-2; H, 4-7; N, 11-5. C,s;H,,ON, 
requires C, 77:4; H, 4:8; N, 11:3%). With sodium hydroxide it formed a sparingly soluble 
salt and with warm acetic anhydride yielded 1-acetoxy-3-cyano-2-phenylindole, m. p. 111°, Vmax 
2220, 1805 cm.*1 (Found: C, 74:2; H, 4:3; N, 10-0. C,,H,,0,N, requires C, 73-9; H, 4-4; 
N, 10-1%). 

When a suspension of o-nitro-«-phenylcinnamonitrile (I) (1 g.) in ethanol (6 ml.) was treated 
with 50% aqueous potassium cyanide (2 ml.), and the whole shaken at 18° for 7 hr., filtration 
gave unchanged nitrile (I) (0-81 g.) and a blue filtrate which by dilution with water (charcoal) 
and acidification afforded the indole (III) (0-13 g.). 


® Cook, Dickson, Ellis, and Loudon, J., 1949, 1074. 
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2-Amino-4-cyano-3-phenylquinoline.—A solution of the N-oxide (II) (0-5 g.) in acetic acid 
(4 ml.) was heated (10 min.) with iron powder (0-2 g.) and the cooled, filtered solution basified 
with ammonia. The precipitated quinoline formed yellow needles, m. p. 196° (from ethanol, 
after treatment with charcoal) (Found: C, 78-1; H, 4:9; N, 17-3. C,,H,,N, requires C, 78-35; 
H, 4:5; N, 17-1%). With acetic anhydride it afforded the 2-acetamido-compound, m. p. 247° 
(from ethanol), vmax, 1660, 1550 cm. (Found: C, 75-3; H, 4-9; N, 14-4. C,,H,,ON, requires 
C, 75:3; H, 4-5; N, 146%). This compound was also prepared (m. p. and mixed m. p. 246°; 
identical infrared spectra), by hydrogenating 2-acetamido-4-cyano-3-phenylquinoline 1l-oxide 
in acetic acid over palladium-—charcoal. 

2-Amino-3-phenylquinoline-4-carboxyamide (IV). The red flux, obtained by heating for 
10 min. a mixture of the 4-cyano-compound (0-4 g.), potassium hydroxide (0-7 g.), water (0-5 m1.), 
and ethylene glycol (1-5 ml.), was cooled and treated with water, affording the amide, m. p. 
346° (from dimethylformamide), vy,x 3270, 3450, 1570, 1610 cm. (Found: C, 72-5; H, 4-95; 
N, 15°85. (C,,H,,ON, requires C, 73-0; H, 4-9; N, 16-0%). 

2-Hydroxy-3-phenylquinoline-4-carboxyamide (V).—Aqueous 0-5n-sodium nitrite (1-6 ml.) 
was gradually introduced below the surface of a solution of the amine (IV) (0-2 g.) in sulphuric 
acid (1-5 ml.; 90% w/v) with the temperature kept under 30°. The total volume was made up 
to 5 ml. with water and, after 1 hr., the suspended solid was collected, recovered from its 
filtered solution in aqueous sodium hydroxide, and washed with aqueous sodium carbonate to 
remove some carboxylic acid. The amide (V) was thus obtained as the monohydrate, m. p. 
287° (from aqueous acetic acid) (Found: C, 67-8; H, 5-5; N, 9-7. C,,H,,O,N,,H,O requires 
C, 68-1; H, 5-0; N, 99%), which was dehydrated at 140° in vacuo (3 hr.). It then had m. p. 
299° (Found: C, 72-4; H, 4-5; N, 10-5. Calc. for C,,H,,O,N,: C, 72-7; H, 4-6; N, 10-6%), 
and mixed m. p. 299—301° with a specimen prepared essentially by Hiibner’s method: * the 
infrared spectra of the two samples were identical. 

3-Cyano-2-phenylindole, m. p. 243° (decomp.) (from ethanol), was obtained (a) by hydro- 
genating l-acetoxy-3-cyano-2-phenylindole over 5% palladium—charcoal, and (b) by heating 
the oxime ® of 2-phenylindole-3-aldehyde ® with acetic anhydride (Found: C, 82-4; H, 4-8; 
N, 12-8. C,;H,)N, requires C, 82-5; H, 4-6; N, 12-8%). 

Hydrolysis of 3-Cyano-1-hydroxy-2-phenylindole——This indole (25 mg.) was heated for 10 
min. with potassium hydroxide (0-2 g.) and ethylene glycol (0-2 ml.) until a deep red solution 
was obtained. Dilution with water, filtration through charcoal, and acidification then gave 
1-hydroxy-2-phenylindole, m. p. and mixed m. p. 172° (from ethanol), further identified by 
comparison of infrared spectra. When the reaction time was extended to 20 min. the cooled 
solution deposited plates of 2-phenylindole, m. p. and mixed m. p. 186° (from ethanol) (identified 
by infrared spectra), and it was ascertained that this was formed from 1-hydroxy-2-phenyl- 
indole similarly treated. 

Hydrogenolysis of 1-Hydroxy-2-phenylindole.—(a) 1-Benzoyloxy-2-phenylindole,® vz,, 1760 
cm.7, m. p. 101° (from ethanol), prepared by shaking with benzoyl chloride a solution of the 
1-hydroxy-compound in 10% aqueous sodium hydroxide at 18°, was rapidly hydrogenolysed 
over palladium-charcoal, affording 2-phenylindole, m. p. 186° (from ethanol). (b) 1-Hydroxy- 
2-phenylindole (0-25 g.) in a mixture of acetic anhydride (25 ml.) and acetic acid (2 ml.) was 
likewise, but more slowly hydrogenolysed, 2-phenylindole being recovered from the filtered 
and concentrated reaction solution. (c) No absorption of hydrogen occurred when procedure 
(6) was attempted in acetic acid alone as solvent. 

(With J. McLEan) a-Benzyl-5-methoxy-2-nitrobenzyl Cyanide (IX).—Solutions in lime-dried 
ethanol containing (a) 5-methoxy-2-nitrobenzyl cyanide (1 g. in 13 ml.) and (6) sodium ethoxide 
(from 0-13 g. of sodium in 4 ml.) were mixed and treated with benzyl chloride (0-66 g.). After 
48 hr. the cyanide (IX), m. p. 107° (from ethanol), was collected (Found: C, 68-2; H, 4-9; 
N, 9-9. C,,H,,O,N, requires C, 68-1; H, 5-0; N, 9-9%). When heated with sulphuric acid in 
ethanol it afforded ethyl a-benzyl-5-methoxy-2-nitrophenylacetate, m. p. 68° (from ethanol) (Found: 
C, 65-6; H, 5-5; N, 45. C,,H,O;N requires C, 65-6; H, 5-8; N, 425%), and this was 
hydrolysed, by potassium hydroxide in aqueous methanol, to the corresponding acid, m. p. 
134° (from aqueous acetic acid) (Fountl: C, 63-8; H, 5-0; N, 4-8. C,,H,,O;N requires C, 63-8; 
H, 5-0; N, 4-65%). 

3-Cyano-1-hydroxy-5-methoxy-2-phenylindole.—A solution of the nitrile (TX) (1 g.) in ethanol 
(6 ml.) and water (2 ml.) was treated with 20% aqueous potassium hydroxide (4 ml.), and the 

® Swaminathan and Ranganathan, Chem. and Ind., 1955, 1774. 
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whole heated under reflux for lhr. Acidification of the cooled solution gave 3-cyano-1-hydroxy- 
5-methoxy-2-phenylindole, m. p. 173° (from ethanol—water) (Found: C, 72-5; H, 4-35; N, 10-8. 
C,,H,,0O,N, requires C, 72-7; H, 4:6; N, 10-6%). With acetic anhydride it formed the 
l-acetoxy-derivative, m. p. 145° (from ethanol), vax, 1805 cm.? (Found: C, 70-6; H, 4:8; 
N, 9-4. C,,H,,O,N, requires C, 70-6; H, 4-6; N, 9-15%), which was hydrogenated in ethanol 
over palladium-charcoal, affording 3-cyano-5-methoxy-2-phenylindole, m. p. 250° (from ethanol) 
(Found: C, 77:2; H, 4:6; N, 11-1. C,,H,,ON, requires C, 77-4; H, 4-8; N, 11-3%). 

3-Cyano-1-hydroxy-5-methoxy-2-(3,4,5-trimethoxyphenyl)indole, m. p. 205° (from ethanol- 
water), was obtained from 5-methoxy-2-nitro-«-(3,4,5-trimethoxybenzyl)benzyl cyanide as 
described for the cyanide (IX) (Found: C, 63-95; H, 5-1; N, 8-0. C,).H,,0;N, requires C, 64-4; 
H, 5-1; N, 79%). It yielded with acetic anhydride, the l-acetoxy-derivative, m. p. 132° (from 
ethyl acetate), vax, 1805 cm.4 (Found: C, 63-4; H, 4-9; N, 7:2. C,,H9O,N, requires C, 63-6; 
H, 5-1; N, 7-1%), which on hydrogenation gave 3-cyano-5-methoxy-2-(2,3,4-trimethoxyphenyl)- 
indole, m. p. 220° (from ethanol—water) (Found: C, 67-45; H, 5-4; N, 84. C,,H,,0,N, 
requires C, 67-4; H, 5-4; N, 8-3%). 


We thank the Department of Scientific and Industrial Research for a Maintenance Allowance 
to one of us (G. T.). 


THE UNIVERSITY, GLascow, W.2. [Received, March 28th, 1960.] 





697. Substituent Interactions in ortho-Substituted Nitrobenzenes. 
Part IIIS 


By J. D. Loupon and I. WELLINGs. 


In presence of hydrogen chloride o-nitrobenzaldehyde reacts with ethyl 
acetoacetate, acetylacetone, or diethyl acetonedicarboxylate, forming in 
each case a derivative of 6-chloro-l-hydroxy-4-quinolone, e.g., (I). 


0-NITROBENZALDEHYDE reacts with ethyl acetoacetate in presence of hydrogen chloride, 
affording a condensate, C,,H,,O,NCI, from which the infrared absorption characteristics 
of a nitro-compound are lacking. The aldehyde likewise condenses with acetylacetone 
and with diethyl acetonedicarboxylate, in each case yielding a product formed, with loss of 
two molecules of water, from equimolar proportions of the organic reagents and hydrogen 
chloride. 2-Nitrobenzylidene derivatives of the respective ketones are potential inter- 
mediates in these reactions: indeed 2-nitrobenzylideneacetylacetone may be isolated and 
yields the ultimate product on renewed treatment with hydrogen chloride. In contrast, 
the 2-nitrobenzylidene derivative which was isolated from ethyl benzoylacetate appears to 
resist further reaction, and from acetone under similar conditions only the di-o-nitro- 
benzylidene derivative was identified. The scope of the more deep-seated reaction 
requires further inquiry and attention here is focused on the nature of its products. 


9° OH OH 
cl ) CO,Et gS hy Cx 
Me +7 Me 2 Me 
N N N 
(I) OH (lI) “Oo (III) 


The properties and transformations of the compound, C,,H,,O,NCI, showed it to be 
the 1-hydroxy-4-quinolone (I) or the tautomeric 4-hydroxyquinoline N-oxide (II). The 
compound was feebly both acidic and basic: it contained non-ionic chlorine, an acetyl- 
atable hydroxyl group, and an ethoxycarbonyl group. The ester group could be removed 
by acidic or alkaline hydrolysis and thermal decarboxylation of the resultant acid, 
affording a product (I; H for CO,Et) which resembled the original ester in giving a red- 
brown colour with ferric chloride in ethanol and in forming an O-acetyl derivative. 
1 Part II, preceding paper. 
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Reduction, which could be made selective, revealed the essential structure of the molecule. 
When the acetates derived from the compounds (I) and (I; H for CO,Et) were hydrogenated 
over palladium-charcoal, the acetate group and chlorine atom in each were replaced by 
hydrogen, and the products were identified as ethyl 4-hydroxyquinaldine-3-carboxylate 
(III; R= CO,Et) (m. p. 232° and not 104—107° as stated in the literature *) and 
4-hydroxyquinaldine * (III; R = H) respectively. By similar treatment of the parent 
compound (I) the chlorine atom only was replaced and the product (I == II; H for Cl) 
was identical with that obtained by reductive cyclisation from ethyl «-o-nitrobenzoyl- 
acetoacetate. A third course of reduction, representing simple deoxidation, occurred 
when the carboxylic acid corresponding to the ester (I) was reduced with zinc and acetic 
acid: thereby the (6-)chloro-derivative of compound (III; R = CO,H) was formed. 

The location of the chloro-substituent in these compounds was decided by oxidising 
the ester (I) with chromic acid, whereby a chloroazoxybenzoic acid was formed and was 
identified after reduction to 5-chloroanthranilic acid. The 6-chloroquinoline structure 
thus indicated was confirmed by an independent synthesis of the 6-chloro-derivative of 
the acid (III; R = CO,H), this compound being identical with the product obtained as 
described by hydrolysis and reduction of the original ester. 

An analogous structure, viz., (I; COMe for CO,Et), was likewise proved for the 
condensate from acetylacetone. This condensate was oxidised to the same 4,4’-dichloro- 
azoxybenzene-2,2’-dicarboxylic acid and was hydrogenolysed to 3-acetyl-4-hydroxy- 
quinaldine N-oxide which was independently synthesised. The condensate from diethyl 
acetonedicarboxylate is regarded by analogy as ethyl (6-chloro-3-ethoxycarbonyl-1,4- 
dihydro-1-hydroxy-4-oxoquinolyl)acetate (I; CH,°*CO,Et for Me). 


H* OH 
R Ni 
CHRX COR Cl COR cl rs. ot 7 
NO, NO NH:OH =y/ 320 
(IV) (V) (V1) (VII) (VIII) a 


The mechanism by which these condensates are formed presents an interesting problem. 
A reaction which appears to be analogous is the formation of 5-chloro-3-p-hydroxyphenyl- 
anthranil (VII; R= #-C,H,OH) from o-nitrobenzaldehyde, phenol, and hydrogen 
chloride in acetic acid.* Both reactions are explicable through stepwise formation of 
intermediates (IV; X = OH or Cl) —» (VI), and appropriate cyclodehydration of the 
hydroxylamine (VI) according as R is the phenol or (substituted) acetone residue. Since 
the anthranil reaction can occur in an excess of phenol 5 it seems unlikely that introduction 
of the chloro-substituent involves the chlorinium ion, and the known formation of p-chloro- 
phenylhydroxylamine from hydrogen chloride and nitrosobenzene ® provides analogy for 
the step (V) —» (VI). The oxygen transfer, (IV) —» (V), is also conceivable as an 
individual step but a more concerted mechanism is possible and is exemplified for the 
early stages by the process (VIII). These considerations sufficiently indicate at present 
some aspects of the mechanistic problem and we are examining their implications. 


EXPERIMENTAL 


Light petroleum refers to the fraction of b. p. 60—80°. 

6-Chloro-1,4-dihydro-1-hydvroxy-2-methyl-4-oxoquinoline-3-carboxylic Acid and its Ethyl Ester 
(cf. I == II).—A solution of o-nitrobenzaldehyde (3-02 g.) and ethyl acetoacetate (2-6 ml.) in 
dry ether (50 ml.) was saturated with hydrogen chloride at 18°. After 12 hr. the crystalline 


? Gould and Jacobs, J. Amer. Chem. Soc., 1939, 61, 2890. 
® Conrad and Limpach, Ber., 1887, 20, 944. 

* McClusky, J. Amer. Chem. Soc., 1922, 44, 1574. 

5 Zincke and Siebert, Ber., 1906, 39, 1930. 

* Bamberger, Busdorf, and Szolayski, Ber., 1899, 32, 210. 
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product was collected, and the mother-liquor re-saturated with hydrogen chloride (total yield, 
3-7 g.). The ester (I) had m. p. 226° (decomp.) (from ethanol), Amax, 220, 265, 330 my (¢ 31,000, 
11,000, 10,000), vnax, 2400 (broad), 1720 cm.1 (Found: C, 55-5; H, 4:2; N, 4-9. C,,H,,O,NCI 
requires C, 55-45; H, 4:25; N, 4-95%). When warmed with acetic anhydride it formed the 
l1-acetoxy-derivative, m. p. 155° (from ethanol), v,;,x, 1800, 1715 cm. (Found: C, 55-7; H, 4-4; 
N, 4:5. C,;H,,0,NCI requires C, 55-7; H, 4:3; N, 4:35%). 

Hydrolysis of the ester (I) (1-4 g.) by heating it for 3 hr. with acetic acid (8 ml.), water 
(16 ml.), and concentrated sulphuric acid (2 ml.) gave 6-chloro-1,4-dihydro-1-hydroxy-2-methyl-4- 
oxoquinoline-3-carboxylic acid which crystallised from the concentrated solution; this acid had 
m. p. 236° (from dimethylformamide) with decarboxylation (cf. below), resolidification, and 
re-melting at 285° (Found: C, 51-9; H, 3-2; N, 5-5. C,,H,O,NCl requires C, 52-1; H, 3-2; 
N, 55%). The 1l-acetoxy-derivative had m. p. 190° (from acetic anhydride) (Found: C, 52-6; 
H, 3-6; N, 5-0. C,,H,O,;NCl requires C, 52-8; H, 3-4; N, 475%). 

6-Chlovro-1,4-dihydro-1-hydroxy-2-methyl-4-oxoquinoline, m. p. 285° (decomp.) (from di- 
methylformamide), was obtained by heating the 3-carboxylic acid at 220° for 10 min. 
(Found: C, 57-0; H, 3-8; N, 6-8. C,gH,O,NCl requires C, 57-2; H, 3-8; N, 6-7%). It 
reacted (a) with warm acetic anhydride to give the 1-acetoxy-derivative, m. p. 164° (from benzene— 
light petroleum), Vmax, 1795 cm. (Found: C, 57-3; H, 4:0; N, 6-0. C,,H,,O,NCl requires 
C, 57-4; H, 4:0; N, 5-7%), and (b) with picric acid in ethanol to form the picrate, m. p. 185° 
(from ethanol) (Found: C, 44:1; H, 2-8; N, 12-6. C,.H,,O,N,Cl requires C, 43-9; H, 2-5; 
N, 128%). 

4-Hydroxyquinaldine.— 1- Acetoxy -6-chloro- 1,4-dihydro-2-methyl-4-oxoquinoline was 
hydrogenated in ethanol over 5% palladium-charcoal. After absorption of 2 mols. of hydrogen, 
the filtered and concentrated solution was mixed with one of picric acid in ethanol, whereupon 
4-hydroxyquinaldine was precipitated as the picrate, m. p. and mixed m. p. with an authentic 
sample,*? 201—202° (from ethanol) (Found: C, 49-8; H, 3-2; N, 14-4. Calc. for C,,H,,O,N,: 
C, 49-6; H, 3-1; N, 144%). 

Ethyl 4-Hydroxyquinaldine-3-carboxylate (II1; R= CO,Et).—(a) Ethyl 1-acetoxy-6- 
chloro-2-methyl-4-oxoquinoline-3-carboxylate was hydrogenated as in the foregoing experiment, 
the filtered and concentrated solution affording the product (III; R = CO,Et). (6) The same 
product, m. p. and mixed m. p. 232° (from ethanol), was obtained by condensing diethyl 
acetylmalonate ? with aniline in presence of a crystal of iodine and, after 8 hr. at room tem- 
perature, cyclising * the resultant anil in boiling diphenyl ether (Found: C, 67-5; H, 5-5; 
N, 6-2. C,,;H,,0,N requires C, 67-5; H, 5-6; N, 6-1%). With picric acid in ethanol it formed 
the picrate, m. p. 156° (from ethanol) (Found: C, 49-8; H, 3-3; N, 12-2. CgH,,0,)N, requires 
C, 49-6; H, 3-5; N, 12-2%). 

Ethyl 1,4-Dihydro-1-hydroxy-2-methyl-4-oxoquinoline-3-carboxylate (I; H for Cl), m. p. and 
mixed m. p. with an authentic sample,* 175—176°, was obtained by hydrogenating the 6-chloro- 
derivative (I) in ethanol over palladium-charcoal (Found: C, 63-2; H, 5-1; N, 5-8. Calc. for 
C,,H,,0,N: C, 63-2; H, 5-3; N, 5-7%). Identical infrared spectra were obtained from both 
samples which also gave the same picrate, m. p. 132° (from ethanol) (Found: C, 48-0; H, 3-6; 
N, 11-6. C,9H,,0,,;N, requires C, 47-95; H, 3-4; N, 11-7%). 

6-Chlovo-4-hydvoxy-2-methylquinoline-3-carboxylic Acid.—(a) A solution of 6-chloro-1,4- 
dihydro-1-hydroxy-2-methyl-4-oxoquinoline-3-carboxylic acid (0-6 g.) in acetic acid (20 ml.) 
was heated for 1 hr. with zinc dust (1-5 g.) and the resultant solution concentrated in vacuo. 
(b) The anil, m. p. 63° (from light petroleum), obtained after 8 hr. at 18° from a mixture of 
diethyl acetylmalonate (10-1 g.), p-chloroaniline (6-4 g.), and a crystal of iodine (Found: C, 58-1; 
H, 5-9; N, 4:7. C,;H,sO,NCl requires C, 58-0; H, 5-8; N, 45%), was cyclised in boiling 
diphenyl ether (30 min.), affording ethyl 6-chloro-4-hydroxy-2-methylquinoline-3-carboxylate, 
m. p. 275° (decomp.) (from dimethylformamide) (Found: C, 58-6; H, 4-4; N, 5-4. C,,H,,0,;NCl 
requires C, 58-7; H, 4-5; N, 5-3%). Alkaline hydrolysis of this ester gave the acid, identical 
in m. p. [315° (decomp.) (from dimethylformamide)] and infrared spectrum with the product 
from (a) (Found: C, 55-8; H, 3-5; N, 6-2. C,,H,O,;NCl requires C, 55-6; H, 3-4; N, 5-9%). 

4,4’-Dichloroazoxybenzene-2,2’-dicarboxylic Acid.—A solution of sodium dichromate (12 g.) 
in water (30 ml.) was added gradually to a boiling solution of the ester (I) (2 g.) in acetic acid 
(40 ml.), water (25 ml.), and concentrated sulphuric acid (10 ml.), and the whole was then 
heated under reflux for 1 hr. The azoxy-compound, m. p. 264° (decomp.) (from acetic acid), 


? Bowman, J., 1950, 322. 
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crystallised from the cooled solution (Found: C, 47-3; H, 2:25; N, 7-7; Cl, 20-4. C,,H,O;N,Cl, 
requires C, 47-3; H, 2-25; N, 7-9; Cl, 200%). To a refluxing solution of the compound in 
acetic acid and hydrochloric acid zinc dust was added and, after 1 hour’s heating, the resultant 
solution was cooled and concentrated, affording 5-chloroanthranilic acid, m. p. 206° (from 
ethanol), identified by mixed m. p. and comparison of infrared spectrum with an authentic 
specimen. 

3-A cetyl-6-chlovo-1,4-dihydro-1-hydvroxy-2-methyl-4-oxoquinoline, m. p. 286° (decomp.) (from 
dimethylformamide), Amax, 220, 270, 330 my (ec 40,000, 16,000, 12,000), vmx, 2500 (broad), 1670 
cm."!, was obtained when a solution of o-nitrobenzaldehyde (3°02 g.) and acetylacetone (2-06 g.) 
in dry ether (50 ml.) was saturated with hydrogen chloride at 18° and set aside for 8 hr. (Found: 
C, 57-0; H, 3-9; N, 5-8. ©C,,H,,O,;NCl requires C, 57-2; H, 4:0; N, 56%). It reacted (a) 
with ferric chloride in ethanol giving a red-brown solution, (b) with acetic anhydride forming 
the l-acetoxy-derivative, m. p. 166° (from acetic anhydride), vg, 1795, 1680 cm.? (Found: 
C, 57°3; H, 4:1; N, 5-1. C,,gH,,.O,NCl requires C, 57-25; H, 4-1; N, 4-8%), (c) with dimethyl 
sulphate and alkali giving the 1-methoxy-derivative, m. p. 172° (from methanol) (Found: C, 58-7; 
H, 4:5; N, 5-4. C,,;H,,O,NCl requires C, 58-8; H, 4:5; N, 5-3%), and (d) with sodium di- 
chromate in aqueous acetic acid forming the same azoxy-compound as was obtained from 
the ester (I). 

In another experiment the ethereal solution, 10 min. after being saturated with hydrogen 
chloride, was concentrated im vacuo and the resultant oil crystallised from ethanol at 0°, 
affording 2-nitrobenzylideneacetylacetone, m. p. 76° (from ethanol) (Found: C, 61-8; H, 4-9; 
N, 6:2. C,,.H,,O,N requires C, 61-8; H, 4:7; N, 60%). This, on renewed treatment with 
hydrogen chloride in ether, gave the same ultimate product, m. p. and mixed m. p. 286°: 
(decomp.). 

2-Nitrobenzoylacetylacetone.—To one half (25 ml.) of an ethanolic solution of sodium ethoxide 
from 3-1 g. of sodium, there were added acetylacetone (5-6 g.) and then, slowly with stirring at 
0°, o-nitrobenzoyl chloride (5-6 g.). After 30 min. 12-5 ml. of the ethoxide solution and, again 
slowly, more of the chloride (2-8 g.) were added: this was repeated 30 min. later. Stirring was 
continued for 4 hr., then the yellow solid was collected and, after being washed with ethanol 
and ether, was added to iced dilute hydrochloric acid, liberating o-nitrobenzoylacetylacetone, 
m. p. 72° (10-2 g.; from ethanol) (Found: C, 57-8; H, 4:2; N, 5-5. C,,H,,O;N requires 
C, 57-8; H, 4-4; N, 5-6%). 

3-Acetyl-1,4-dihydvo-1-hydroxy-2-methyl-4-oxoquinoline was obtained (a) by hydrogenating 
the 6-chloro-derivative in acetic acid over palladium-—charcoal; (b) by adding o-nitrobenzoyl- 
acetylacetone (12 g.) to a stirred solution of stannous chloride (71 g.) in acetic acid (225 ml.) 
previously saturated with hydrogen chloride: after passage of this gas for 30 min. the product 
crystallised. It formed colourless crystals, m. p. 259° (decomp.) (from dimethylformamide) 
(Found: C, 66-6; H, 5-0; N, 6-4. C,,H,,0O,N requires C, 66-5; H, 5-1; N, 6-4%). 

3-A cetyl-6-chloro-4-hydroxy-2-methylquinoline, m. p. 310° (decomp.) (from acetic acid), was 
obtained when the 1-hydroxy-ketone (I) (COMe for CO,Et) was reduced by zinc dust in boiling 
acetic acid (Found: C, 61-7; H, 4:3; N, 6-1. C,,.H,»O,NCI requires C, 61-5; H, 4-25; N, 5-9%). 

Ethyl (6-Chloro-3-ethoxycarbonyl-1,4-dihydro-1-hydroxy-4-oxoquinolyl)acetate, m. p. 202° 
(decomp.) (from ethanol), was formed when a solution of o-nitrobenzaldehyde (3-02 g.) and 
diethyl acetonedicarboxylate (4 g.) in dry ether was saturated with hydrogen chloride at 18° 
and left for 24 hr.: it was recovered from the ethereal solution as an oil which solidified when 
washed with aqueous acetic acid (Found: C, 54-4; H, 4:4; N, 4:2. C,,H,,O,NCI requires 
C, 54-2; H, 4:5; N, 40%). 

Ethyl «-2-nitrobenzylidenebenzoylacetate, m. p. 107° (from ethanol), was obtained by saturating 
with hydrogen chloride a solution of o-nitrobenzaldehyde and ethyl benzoylacetate in anhydrous 
ether, removing the solvent after 24 hr., and rubbing the oily residue with ethanol (Found: 
C, 66-4; H, 4:8; N, 4-4. C,,H,,0O;N requires C, 66-5; H, 4-6; N, 43%). 


We thank the Department of Scientific and Industrial Research for a Maintenance Allowance 
(to I. W.), and Mr. J. M. L. Cameron and his staff for the microanalyses in this and in the 
preceding Parts. : 
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698. Ipecacuanha Alkaloids. Part VI.* The Absolute Stereochemistry 
at Position 1 of Emetine by Chemical Correlation with the Natural 
Amino-acids. 

By A. R. Batrerssy, R. Binks, and T. P. Epwarps. 


N-Acetylemetine has been degraded by Hofmann’s method and the final 
product has been oxidised to yield the N-acetyl acid (X). This acid has been 
synthesised and resolved; its absolute configuration has been determined by a 
chemical correlation with the alkaloid (+)-calycotomine (XIII) which has 
been correlated earlier with the natural amino-acids. This provides the last 
piece of information to allow the complete absolute stereochemistry of 
emetine to be written. 

Some of the optically active 1-substituted tetrahydroisoquinolines pre- 
pared in this work have been used to study further the method of rotation 
shifts for determinations of absolute configuration. 


Previous parts of this series! have described the elucidation of the illustrated relative 
and absolute stereochemistry of the benzoquinolizidine system of emetine (I; R = H). 
The present paper is concerned with the absolute configuration of the isolated asymmetric 
centre at position 1 of this alkaloid. In order to isolate a fragment containing this centre, 
it was decided that the other sites of asymmetry should be destroyed by a multiple 
Hofmann degradation carried out on N-acetylemetine (I; R = Ac). This type of degrad- 
ation has been studied previously »* but now the various steps have been more fully 
examined and the intermediates characterised. 

N-Acetylemetine (I; R = Ac) with methyl iodide gave the crystalline ? N(b)-meth- 
iodide in 75% yield together with the remaining material as an amorphous methiodide. 
We regard these as diastereoisomeric methiodides corresponding to the two possible 
configurations of the asymmetric quaternary N(b)-nitrogen atom; the forms (II) and (III) 
are analogous to the ¢rans- and cis-forms of 9-methyldecalin and there can be little doubt 
that the main crystalline product is the ¢vans-form (II). Evidence for this comes from the 
Hofmann degradation of both methiodides to give the same methine (IV). This methine 
was reduced catalytically to dihydro-N-acetylemetinemethine (V) which was characterised 
as its crystalline picrate. After this Hofmann step and after subsequent ones, the products 
were reacetylated to ensure that any material which had been deacetylated under the 
alkaline conditions was again fully protected. 

Hofmann degradation of the dihydromethine (V) gave, smoothly, dihydro-N-acetyl- 
emetinebismethine (VI) as an amorphous base which showed the ultraviolet absorption 
expected of a 3,4-dimethoxystyrene derivative. This time the double bond was not 
reduced before the next Hofmann degradation, so that the final double bond introduced 
might move into conjugation as shown in structure (VII); the illustrated arrangement 
of the diene system is for convenience, not to imply knowledge of the stereochemistry in 
this region. That the desired conjugated diene was formed in the last Hofmann degrad- 
ation was indicated by the ultraviolet absorption of the neutral product which corre- 
sponded to conjugation extended beyond a 3,4-dimethoxystyrene system; further evidence 
is adduced below. 

The diene (VII) was readily oxidised by permanganate in aqueous pyridine to yield 
6-ethylveratric acid (VIII) as the main crystalline acidic product. When the diene (VII) 


* Part V, J., 1960, 717. 


1 Battersby, Binks, and Davidson, J., 1959, 2704; Battersby and Garratt, J., 1959, 3512; cf. Brossi, 
Cohen, Osbond, Plattner, Schnider, and Wickens, J., 1959, 3630; van Tamelen, Aldrich, and Hester, 
J. Amer. Chem. Soc., 1959, 81, 6214; Ban, Terashima, and Yonemitsu, Chem. and Ind., 1959, 568, 569. 
2 Pailer, Monatsh., 1948, 79, 127. 

* Cf. Ahl and Reichstein, Helv. Chim. Acta, 1944, 27, 366. 
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was oxidised first with ozone and then with permanganate or peracetic acid, ethyl methyl 
ketone was isolated as its dinitrophenylhydrazone. The acidic products, after fraction- 
ation by countercurrent distribution, yielded a crystalline acid; this was the desired 
N-acetyl acid (X) as shown by its optical activity, (a), —144°, and its infrared spectrum 
[1628 cm. (SN-COMe); 1732, 2500—3500 cm. (CO,H)] which was identical with that 
given by synthetic material below of unequivocal constitution (X). Experiments described 
later in this paper will establish the absolute configuration shown in formula (X). 

The (+)-amino-ester corresponding to structure (XI) is readily available by synthesis ¢ 
involving a Bischler—Napieralski ring-closure; by carrying out this cyclisation with 
phosphoric oxide spread on “ Celite,” 5 a useful increase in i) was obtained. Resolution 
of the (+-)-ester was achieved slowly through the neutral (—)-OO-dibenzoyltartrate, and 


“CH, OMe 
OMe 
= AcN 





an 
+ 
: H NZ 
tan el H,C - 
H . a’ H & ' 
(III) 
Et 
NMe, 
(V1) Hic, 
on 
qvity A<N ie Et Me HO,C OMe 
MeO CO,H CO H.C 
Et H*}! 
(VII) (IX) oats (X) 


the (++)-base (XI), by acetylation and mild hydrolysis of the ester group, gave the same 
(—)-N-acetyl acid (X), {#J, —141°, which had been obtained above from the degradation 
of emetine. The (+)-N-acetyl acid (enantiomer of X), [J], +145°, was prepared similarly 
from the (—)-amino-ester (enantiomer of XI). Some fractional crystallisation of both 
optically active synthetic acids (as X) was necessary to achieve the quoted rotations so 
that either the resolution of the, amino-ester (as XI) is incomplete after twelve crystallis- 
ations of the dibenzoyltartrate or some racemisation occurs in the subsequent conversion 
of the bases (as XI) into the acids (as X). 

Battersby and Edwards * have shown that (+-)-calycotomine (XIII) has the illustrated 
absolute configuration by chemical correlation with the natural amino-acids. It thus 
remains to correlate the (+-)-amino-eSter (XI) with (+-)-calycotomine in order to determine 


* Battersby and Openshaw, Experientia, 1950, 6, 387; Osbond, J., 1951, 3464; Battersby, Open- 
shaw, and Wood, J., 1953, 2463. 
5 Nineham, /., 1952, 635. 
® Battersby and Edwards, J., 1960, 1214. 
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the absolute configuration at position 1 of emetine (I; R =H). (+)-Calycotomine (XIII) 
was first converted by methanesulphonyl chloride in pyridine into the NO-dimethane- 
sulphonyl derivative (XIV); the sulphonyloxy-group was then displaced by benzylamine, 
yielding the base (XV). This was carefully purified by countercurrent distribution and 
the final product showed a negative rotation. 

Turning now to the emetine series, the (—)-amino-ester (enantiomer of XI) similarly 
gave the corresponding N-methanesulphonyl derivative (XVI) which could be satis- 
factorily converted into its hydrazide (XVII) only under anhydrous conditions. When 
this product was subjected to the Curtius rearrangement in the presence of benzyl alcohol, 
the benzylurethane (XVIII) was formed which was then cleaved at the benzyloxy-residue 
by catalytic hydrogenation to give the amine (XIX). The sequence was completed by 
condensing the amine (XIX) with benzaldehyde followed by hydrogenation of the resultant 
Schiff’s base to yield the benzylamine derivative (XX); this product had a Positive rotation 
and it was shown by this and by its infrared spectrum to be the enantiomer of the benzyl- 
amine derivative (XV) prepared above from (-+)-calycotomine (XIII). The enantiomeric 
relationship of the two bases (XV) and (XX) was confirmed by mixing equivalent amounts 


enn <i anne —a teed =< N-Acetylemetine 
MeO NH MeO NAc MeO NAc (I; R = Ac) 
H H H 





CH,-CO,Et CH,*CO,£t CH,-CO,H 
(+)-Base (XI) (XII) (-)-Acid (X) 
MeO 7 MeO MeO 
—_ —_ ' 
MeO NH « N-SO2Me MeO N:SO2*Me MeO 
H Ht H -- H™ 
CH,°OH CH,*O*SO2-Me CH2*NH-CH,Ph CH2*NH 
(+) -Base (XIII) (XIV) (-)-Base (XV) (+)-Base (XX) CH,Ph 


t 






MeO > MeO 
MeO N-SO2-Me + ~N*SO2-Me +. .N*SO2"Me MeO N-SO2*Me 
H” H” H” H” 
CH,°CO,R CH2*CO-NH:NH, CH.2*NH-CO,-CH,Ph CH,*NH, 
(XVI) (XVII) (XVIII) (XIX) 


to yield the racemic benzylamine derivative (as XV) which had been obtained earlier in 
trial experiments. Thus the absolute configuration of the (—)-amino-ester (enantiomer of 
XI) is opposite to that established ® for (+-)-calycotomine (XIII), and it follows that the 
(+-)-amino-ester (XI) has the same absolute configuration as (+)-calycotomine. Since 
the correlations described above established that the configuration at position 1 of emetine 
is the same as that of the (+-)-amino-ester (XI), the illustrated arrangement at this position 
in structure (I; R = H) is proved; structure (1; R = H) now shows the complete absolute 
stereochemistry of emetine. 

Several of the reaction sequences used in this work were studied first with racemic 
materials and these are described in the Experimental section. 

Because of our interest ® in the rotation-shifts method for determining absolute con- 
figurations of optically active amines, the rotation of the amino-ester (XI) was determined 
in a variety of solvents. In addition, the series of configurationally related bases was 
extended by reducing the acetamido-ester (XII) with lithium aluminium hydride to the 
alcohol (XXI; R = OH) which was isolated as its O-acetyl derivative (XXI; R = OAc). 
Treatment of the recovered alcohol (XXI; R = OH) with phosphorus pentachloride in 
chloroform yielded a mixture from which the chloride (XXI; R = Cl) was isolated by 
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countercurrent distribution; aluminium in moist ether then reduced the halide to yield 
the 1,2-diethyltetrahydroisoquinoline (XXII). This product and the other tertiary base 
(XXI; R = OAc) were included in the study of rotation shifts and the results are collected 
in the Table; the values are given as specific rotations because it was necessary, in order 
to conserve material, to use a sample of the amino-ester (XI) which had not been completely 


(XII) —> me oe 


(XxI)  CHarCHaR (xxm) = & 


resolved. The three bases studied are of the type ® which should give satisfactory results 
by the method of rotation shifts. It is therefore satisfying to find that all show a clear 
negative shift of rotation as the polarity of the solvent is increased. This is the expected 
direction of shift ®? for 1-substituted tetrahydroisoquinoline bases having the absolute 
configuration established by the foregoing chemical work. 


Rotations of tetrahydrotsoquinolines in different solvents. 


Base C,H, CHCl, EtOH n-HCl 
Dam CI csehcckcetinnk ss iceas ctdetinitianittis +21-3° +18-3° +15-2° ca. +15°¢ 
N-Ethyl ester (XXI; R = OAc)  ...........00c0000 —5-8° —9-7° —10-7° — 20-6° 
N-Ethyl l-ethyl base (XXII) ................ cseeceee +2-6° —3-1° —4-3° —9-5° 


* The solution in this solvent darkened considerably and the rotation was difficult to read. 


EXPERIMENTAL 


For general directions, see Battersby, Davidson, and Harper.® 

N-Acetylemetine Methiodides (11) and (III).—N-Acetylemetine * was prepared by heating 
emetine (33 g.) with acetic anhydride (50 ml.) for 4 hr. at 90° and working up as usual for basic 
material. Part of this product (33 g.) in methanol (50 ml.) was heated under reflux for 12 hr. 
with methyl iodide (25 ml.). The solvents were then evaporated and the residue was crystal- 
lised from ethanol, to yield N-acetylemetine methiodide (34-8 g.), m. p. 208—210° (decomp.) 
flit.,2% m. p. 213—-216° (corr.)]; concentration of the ethanolic mother-liquor gave only a gum. 
The total material in the mother-liquor was dissolved in aqueous ethanol, and this solution was 
extracted thoroughly with ether which removed a trace of basic material. Evaporation of the 
aqueous ethanol left the quaternary material as a gum (7-2 g.). 

N-Acetyldihydroemetinemethine (V).—A solution of the foregoing crystalline methiodide 
(34-6 g.) in ethanol (240 ml.) and water (114 ml.) was shaken for 1 hr. at 55° with moist silver 
oxide (from 19 g. of silver nitrate). The silver salts were collected (‘‘ Filtercel’’) and the 
filtrate and washings, now free from iodide ion, were evaporated to ca. 20 ml., treated with 
potassium hydroxide (20 g.), and then evaporated to dryness. After the residue had been 
heated at 125° (bath)/1 mm. for 2 hr., it was partitioned between water (50 ml.) and ether 
(4 x 100 ml.). and a solution of ether-soluble material (25-5 g.) in ethanol (200 ml.) was shaken 
at room temperature and pressure with hydrogen and platinum oxide (0-5 g.)._ Uptake (1-0 mol.) 
was complete in 4 hr.; the catalyst was removed and the filtrate was evaporated to leave a 
gum, which was heated with acetic anhydride (50 ml.) at 90° for 4hr. The gum remaining after 
evaporation of the anhydride was dissolved in N-hydrochloric acid (100 ml.), and the solution 
was extracted with ether (3 x 100 ml.) to remove the neutral products (0-91 g.). The basic 
material (25 g.) was recovered from the aqueous acid solution by basification and ether- 
extraction and was converted into the picrate by treatment with picric acid (12 g.) in ethanol 
(500 ml.). N-Acetyldihydroemetinemethine picrate separated as plates (31-55 g.), m. p. 132— 
133° unchanged by recrystallisation; on occasions the picrate crystallised as short prisms, m. p. 
142—144° (Found: C, 59-1; H, 6-3; N, 9-0. C,,H,,O,,N; requires C, 59-4; H, 6-4; N, 9-1%). 


7 Leithe, Ber., 1934, 67, 1261 and earlier papers; Corrodi and Hardeger, Helv. Chim. Acta, 1956, 39, 
889. 
8 Battersby, Davidson, and Harper, J., 1959, 1744. 
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The amorphous N-acetylemetine methiodide (7-2 g.) was degraded as above to yield the 
same dihydromethine picrate (V) (7-4 g.), m. p. and mixed m. p. 132—133°. 

N-Acetyldihydroemetinemethine Methiodide.—A suspension of the foregoing picrate (38-9 g.) 
in ether (1 1.) was shaken with 50% aqueous ethanolamine (0-5 1.), and the aqueous layer was 
further extracted with ether (1 x 1 1.; 2 x 0-5 1.). The combined ethereal solutions were 
colourless after they had been shaken with 50% aqueous ethanolamine (6 x 80 ml.) and they 
were then washed with water (5 x 60 ml.), the final aqueous washing being neutral. Evapor- 
ation of the dried ethereal solution left a glass (26-64 g., 98%). 

A solution of this base (1-83 g.) in methanol (10 ml.) was heated under reflux for 6 hr. with 
methyl iodide (4 ml.) and then evaporated to dryness. The residue crystallised from ethanol, 
to give the methiodide as pale yellow plates (1-62 g., 72%), m. p. 241—244° (decomp.), un- 
changed by recrystallisation [lit.,2 m. p. 252—254° (corr.)] (Found: C, 57-9; H, 7-5; N, 4-1. 
Calc. for C,,H,,O;N,I: C, 58-2; H, 7-3; N, 41%). 

N-Acetyldihydroemetinebismethine (V1) and its Methiodide.—lIodide ions were removed as 
above from a solution of the foregoing methiodide (1 g.) in ethanol (20 ml.) and water (10 m1.), 
and the residue left by evaporation of the solution was heated at 100°/15 mm. for 2 hr. The 
products were partitioned between ether (20 ml.) and water (10 ml.), and the aqueous layer 
was extracted again with ether (3 x 30 ml.) and then evaporated to dryness. After the residue 
had been heated at 110°/2 mm. for 2 hr., the ether-soluble products were extracted as before and 
combined with the ether solution from the first treatment, and the ether was evaporated to 
leave a resin (0-726 g.). This was heated at 70° for 1 hr. with acetic anhydride (6 ml.), the 
excess of anhydride was evaporated, and the residue was partitioned between ether and dilute 
hydrochloric acid. When the aqueous acidic solution was worked up for bases as above, a resin 
(0-673 g.) was obtained which did not crystallise and no crystalline salt was obtained. 

A solution of this base (0-65 g.) in ether (15 ml.) was kept at room temperature in the dark 
with methyl iodide (2 ml.) for 50 hr.; the methiodide separated as an amorphous powder 
(0-79 g.) which was collected and washed thoroughly with ether (Found: C, 58-4; H, 7-5. 
C,,H;,0;N,I requires C, 58-8; H, 7-4%). It had Amin, 248, 300, Amax 267, 304—305 muy (log ¢ 
3-95, 3-82, 4-22, 3-83 respectively, in EtOH). a 

Hofmann Degradation of N-Acetyldihydroemetinebismethine Methiodide.—The foregoing 
methiodide (9-6 g.) in 50% aqueous ethanol (300 ml.) was converted into the corresponding 
methohydroxide as usual with moist silver oxide (from 5 g. of silver nitrate). The solution was 
evaporated to ca. 20 ml., potassium hydroxide (2-5 g.) was added and, after the solution had 
been evaporated to dryness, the residue was heated at 100°/15 mm. for 5hr. After separation 
of the ether-soluble products as above, they were kept at room temperature with acetic 
anhydride (75 ml.) for 16 hr. and the anhydride was then evaporated. The neutral material 
(6-06 g., 87%) was isolated by partition of the products between dilute hydrochloric acid and 
ether; this final product was a resin, [a],,’* — 102° (c, 8-4 in EtOH), Amin, 251-5, Amax, 281-5 my 
(log ¢ 3-94, 4-24 respectively, in EtOH). 

Oxidation of the Diene (VII).—(a) With permanganate. A solution of potassium perman- 
ganate (3-34 g.) in 50% aqueous pyridine (170 ml.) was added dropwise at room temperature 
to a stirred solution of the foregoing diene (2-01 g.) in 50% aqueous pyridine (150 ml.) contain- 
ing 2N-sulphuric acid (9-25 ml.). After 40 min., 90 ml. of the oxidising solution had been added 
and there was a sharp break in the rate of oxidation. The oxidation was therefore continued 
at 40—45° and the rest of the permanganate was added during 1 hr. Filtration removed the 
manganese dioxide which was washed with 50% aqueous pyridine and ethanol; the filtrate 
was evaporated to low volume, adjusted to pH 7-5 with potassium carbonate, and extracted 
thrice with ethyl acetate, the organic extracts being back-extracted with aqueous sodium 
hydrogen carbonate. The total aqueous solution was acidified to pH 3 and shaken thrice with 
ethyl acetate which extracted the acidic fraction (0-99 g.)._ A solution of this fraction in hot 
ethyl acetate (3 ml.) was diluted with boiling light petroleum (b. p. 60—80°), and the clear 
supernatant liquor was decanted off from the solid residue. The latter was powdered and 
extracted twice with boiling light petroleum, and the combined petrol solutions were evapor- 
ated to dryness. The residue crystallised from water to give 6-ethylveratric (2-ethyl-4,5-di- 
methoxybenzoic) acid (VIII) (221 mg.), m. p. and mixed m. p. with a synthetic sample,® 142— 
143°. 


* Battersby and Openshaw, J., 1949, S 59. 
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The material insoluble in light petroleum was examined by counter-current distribution as 

under (b), but the yield of other crystalline acids was very low. 

(b) With ozone. Ozonised oxygen was passed through a solution of the diene (VII) (0-507 g.) 
in ethyl chloride (15 ml.) at —70°; two mols. of ozone were rapidly absorbed and the uptake 
then became slow. Passage of gas was stopped at this stage and the ethyl chloride was evapor- 
ated at low temperature to leave the crude ozonide which was heated under reflux for 30 min. 
with water (25 ml.). The solution was then evaporated to dryness, the distillate (A) was 
reserved, and the residue was dissolved in 50% aqueous pyridine (50 ml.). To this was added, 
dropwise at room temperature, a solution of potassium permanganate (0-34 g.) in 50% aqueous 
pyridine (17 ml.); the permanganate was rapidly consumed but the last few drops remained 
unused. After the solution had been warmed to coagulate the manganese dioxide, it was 
filtered and the pad was washed with aqueous pyridine and hot ethanol. The filtrate was 
evaporated until free from organic solvents, then adjusted to pH 8 with potassium carbonate 
and extracted thrice with ethyl acetate. Acidification of the aqueous layer released the acid 
products which were extracted into ethyl acetate (4 x 50 ml.) and recovered as a gum (0-32 g.) 
(B) by evaporation of the dried solution. 

The distillate A above was treated with 2,4-dinitrophenylhydrazine sulphate, and the 
precipitated dinitrophenylhydrazones were collected, dried, and, as a solution in chloroform, 
run on a column made of well-mixed bentonite (3 g.) and kieselguhr 1° (12 g.). Elution was 
continued with chloroform to give a main band which crystallised from ethanol. This product 
was ethyl methyl ketone 2,4-dinitrophenylhydrazone, m. p. and mixed m. p. 113—114-5°. 

A further portion (0-49 g.) of the diene (VII) was treated with ozone as above and the crude 
ozonide, in acetic acid (&-5 ml.), was treated with 30% hydrogen peroxide (3 ml.). After being 
kept at room temperature for 7 hr., the solution was warmed at 55° for 12 hr. Water (5-5 ml.) 
was then added to the cooled solution followed by platinum black (65 mg.) in small portions. 
When the decomposition of the per-acids was complete, the catalyst was removed, the filtrate 
was evaporated to dryness, and the residue was worked up for acidic material as in (a) above, to 
give a gum (0-29 g.). This fraction was combined with the gum B above and fractionated by 
countercurrent distribution (scattered in first three tubes) between ethyl acetate and an aqueous 
buffer made from 0-5mM-KH,PO, (100 vol.) and 0-5mM-K,HPO, (6-3 vol.). After 48 transfers, the 
material was recovered from the contents of tubes 0—38 of the machine by acidification and 
extraction with ethyl acetate. In this way a gum (193 mg.) was obtained which was crystallised 
from water (charcoal), ethyl acetate, and finally water to give the N-acetyl acid (X) as needles, 
m. p. and mixed m. p. with the synthetic acid below, 99—102° after slight sintering at 96°. The 
infrared spectra of the samples obtained by degradation and by synthesis were identical. The 
partition ratio, K, of the degradation acid in the above ethyl acetate—phosphate buffer system 
was determined as 0-226 by measurement of ultraviolet absorption at 282 my of the upper and 
the lower layer after the acid had been distributed between them (cf. K for synthetic acid 
below). The product had [{a],,1° —144° (c of anhydrous material, 2-4 in EtOH). 

Preparation and Resolution of Ethyl 1,2,3,4-Tetrahydro-6,7-dimethoxy-1-isoquinolylacetate (as 
XI).—The (-+-)-ester was prepared by the published method * save that the cyclisation of 
N-cyanoacetyl-3,4-dimethoxyphenethylamide was improved. A solution of this amide 
(25 g.) in anhydrous toluene (300 ml.) was mixed with ‘ Celite’’ (50 g.) which had been 
previously dried at 100°. Phosphoric oxide (42 g.) was added to the boiling solution and 
after the mixture had been heated under reflux for 30 min., a second portion (42 g.) of phosphoric 
oxide was added. The heating under reflux was continued for 2-5 hr. in all and during this 
period the mixture was occasionally agitated with a glass rod. The products were isolated as 
previously * and crystallised from ethanol to give 1-cyanomethyl-3,4-dihydro-6,7-dimethoxy- 
isoquinoline (15-8 g., 65%). 

For resolution, the (+-)-ester (as XI) (89 g.) was treated in ethanol (820 ml.) with (—)-O0O- 
dibenzoyltartaric acid (58 g.) and after 3 days at room temperature the precipitated crystals 
were collected. These were recrystallised eleven times from ethanol to yield 17 g. of the tartrate. 
The bases were recovered from the crystalline salt after 6, 9, and 12 crystallisations and distilled 
at 160° (bath)/0-01 mm. for determination of rotation; the samples showed [a], in ethanol 
—21-8°, —24-8°, —26-9° respectively; samples of base were similarly recovered from the Ist, 


10 Linstead, Elvidge, and Whalley, ‘‘ Modern Techniques of Organic Chemistry,” Butterworths, 
London, 1955, p. 5. 
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6th, 9th, and 12th mother-liquors and showed [a], in ethanol + 23-8°, —7-3°, —16-8°, —25-4° 
respectively. 

(+)-Ethyl N-Acetyl-1,2,3,4-tetrahydro-6,7-dimethoxy-1-isoquinolylacetate and the (+-)-En- 
antiomer (as XII).—A solution of the (-+-)-amino-ester (as XI) (0-5 g.) in acetic anhydride 
(15 ml.) was heated at 100° for 1-5 hr., then evaporated to dryness and the residue was crystal - 
lised from water. The (-+)-N-acetyl ester (as XII) separated as clumps of needles (445 mg.), 
m. p. 94—95° (Found, in material dried at 78°: C, 63-6; H, 7-3; N, 4-1. C,,H,,;0;N requires 
C, 63-5; H, 7-1; N, 44%). 

The (—)-amino-ester (enantiomer of XI) having [a],, — 26-9° was acetylated in the same way, 
to give after crystallisation from water the (-+-)-N-acetyl ester (enantiomer of XII), m. p. 113— 
114°, {a),,° + 124° (c, 1-16 in EtOH) (Found: C, 63-7; H, 7-4; N, 44%). 

(+)-N-Acetyl-1,2,3,4-tetrahydro-6,7-dimethoxy-1-isoquinolylacetic Acid and the (—)- and (+)- 
Enantiomers (as X).—The above (--)-N-acetyl ester (as XII) (445 mg.) in ethanol (15 ml.) was 
treated with n-sodium hydroxide (1-5 ml.; 1-1 equiv.), and the solution was kept at room 
temperature overnight. After removal of the ethanol, the solution was made strongly alkaline 
with potassium carbonate, extracted thrice with ether, acidified, and extracted thrice with 
ethyl acetate. The solid obtained by evaporation of the latter solvent crystallised from water 
to give the (+)-N-acetyl acid (as X) (353 mg.), m. p. 154—155° (Found: C, 61-7; H, 6-6; N, 5-0. 
C,;H,,0;N requires C, 61-4; H, 6-5; N, 4.7%). The partition ratio, K, was determined as 
0-227 in the same solvent system and by the same method as were used for the degradation 
acid (X) above. 

The crude (—)-N-acetyl ester (XII) (2-3 g.), prepared as above from the (-+)-amino-ester 
(XI), [@),, +23-8°, was hydrolysed as for the (-+)-ester, and the acidic products were crystallised 
from ethyl acetate. The first crop (781 mg.) had [aj,, —25° (in EtOH) and the second crop 
(854 mg.) had [a], —110° (in EtOH). Crystallisation of the latter from ethyl acetate gave, by 
seeding with the (-+-)-acid (as X), a small crop of optically inactive material; after repetition of 
this operation on the material held in the mother-liquor, the (—)-acid was crystallised twice 
from water to give the optically pure (—)-N-acetyl acid (X), m. p. 99—102° after slight sintering 
at 95° (Found, in material dried first at 78° and then at 100°: Loss, 5-6; C, 61-7; H, 6-2; N, 
4-7%), [a],?® —141° (c 1-23 in EtOH). 

Although the starting material was from the twelfth crop of crystals in the above resolution, 
it was also necessary to carry out fractional crystallisation of the (+-)-N-acetyl acid (enantiomer of 
X) in order to obtain optically pure material, [a],,?° + 145° (c 1-14 in EtOH) (Found, in material 
dried first at 78° and then at 100°: C, 61-6; H, 6-7; N, 49%). 

NO-Dimethanesulphonylcalycotomine (XIV).—Methanesulphony] chloride (2-5 g.) was added 
dropwise at 0° to a stirred solution of (+)-calycotomine * (XIII) (557 mg.), having [aJ,, + 16° 
(in H,O), in dry pyridine (15 ml.). After the solution had been stirred for 2 hr., it was kept 
at 5° for 3 days, then poured on an excess of ice and extracted thrice with chloroform. The 
combined extracts were washed with 5n-hydrochloric acid and water, dried, and evaporated. 
Crystallisation of the residue from ethanol gave NO-dimethanesulphonylcalycotomine (704 mg.), 
m. p. 127—128° (Found: C, 44-3; H, 5-8. C,,H,,O,NS, requires C, 44-3; H, 5-8%). 

(+)-Ethyl 1,2,3,4-Tetrahydro-6,7-dimethoxy-2-methanesulphonyl-1-isoquinolylacetate (XVI; 
R = Et).—The (—)-amino-ester (enantiomer of XI) (973 mg.), [a], —26-9° (in EtOH), was 
treated with methanesulphonyl chloride (0-9 g.) in dry pyridine (15 ml.) as in the preceding 
experiment, to give the ester (XVI; R = Et) (954 mg.). After crystallisation from ethanol, 
it had m. p. 114—115° and [a],, +30° (c 1-9 in CHCI,) (Found: C, 54-0; H, 6-7; N, 3-9. 
CygH,,;0,NS requires C, 53-8; H, 6-4; N, 3-9%). 

(+)-1,2,3,4-Tetrahydro-2-methanesulphonyl -6,7 -dimethoxy-1-isoquinolylacetic Acid (XVI; 
R = H).—A solution of the foregoing ester (512 mg.) in dioxan (5 ml.) and N-sodium hydroxide 
(1-6 ml.) was kept at room temperature overnight, then evaporated to dryness and the residue 
was partitioned between dilute sodium hydroxide and chloroform. After the aqueous layer 
had been extracted twice more with chloroform, it was acidified and extracted with chloroform 
to give a gum (441 mg.). This crystallised from ethanol to give the (+)-acid (XVI; R = H) 
(0-2 g.), m. p. 120° (decomp.) after previous sintering, {e),, 0° (Found: C, 51-3; H, 5-5; N, 4-3. 
C,4Hy,O,NS requires C, 51-1; H, 5-8; N, 42%). 

The mother-liquors contained the optically active acid (XVI; R = H); they were not fully 
examined. 

Curtius Degradation of the N-Methanesulphonyl Ester (XVI; R = Et).—The (+)-ester (XVI; 
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R = Et) (1 g.) was heated under reflux for 23 hr. with anhydrous hydrazine (2-5 ml.) and 
anhydrous methanol (2-0 ml.). Water (17 ml.) was added to the cooled solution to precipitate 
(+)-1,2,3,4-tetrahydro-2-methanesulphonyl-6,7-dimethoxy-1-isoquinolylacethydrazide (as XVII) 
which recrystallised from ethanol as needles (0-28 g.), m. p. 71—72°, [a], 0° (¢ 1-57 in CHCI,) 
(Found, in material dried first at 65° then at 78°: C, 49-3; H, 6-0; N, 12-7. C,H,,O,N,S 
requires C, 48-9; H, 6-1; N, 12:2%). 

The mother-liquor from the racemic hydrazide was acidified, extracted thrice with chloro- 
form, then basified with potassium carbonate and re-extracted with chloroform to yield the 
crude optically active hydrazide (XVII) as a gum (0-5 g.), [a),,2® +21-5° (c 2-24 in EtOH). 

A solution of dry hydrogen chloride (55-3 mg.) in anhydrous ethanol (0-8 ml.) was added toa 
solution of the above optically active hydrazide (517 mg.) in anhydrous ethanol (2 ml.). After 
the ethanol had been evaporated, the residue was dissolved in dry benzyl alcohol (5 ml.), and a 
solution of pentyl nitrite (0-2 g., 1-1 equiv.) in dry benzyl alcohol (0-9 ml.) was added. The 
solution was heated under reflux at 60° for 10 min., then at 103° for 14 hr., and finally the 
solvents were evaporated at 100°/0-l1 mm. The residue in chloroform (150 ml.) was washed 
with dilute sulphuric acid, aqueous potassium carbonate, and water; evaporation of the chloro- 
form left the crude urethane (XVIII) as a gum (575 mg.). A solution of this gum in methanol 
(15 ml.) and acetic acid (0-5 ml.) was shaken with palladium black (0-1 g.) while a stream of 
hydrogen was bubbled through. After 2} hr., the evolution of carbon dioxide ceased; the 
catalyst was removed, the solvents were evaporated, and the residue was distributed between 
dilute sulphuric acid and chloroform. The acidic layer was extracted twice with chloroform, 
then basified and extracted again thrice with chloroform. Evaporation of the second set of 
chloroform extracts gave l-aminomethyl-1,2,3,4-tetrahydro-2-methanesulphonyl-6,1-dimethoxyiso- 
quinoline (XIX) as a gum (0-11 g.), {aj,,2° +21° (c 2-1 in EtOH). A portion was converted into 
the picrate in ethanol, and the salt was recrystallised from the same solvent, m. p. 218—219° 
(decomp.) (Found: C, 42-9; H, 4:3; N, 12-9. (C,,H,.0,,N;S requires C, 43-1; H, 43; N, 
132%). 

1-Benzylaminomethyl-1,2,3,4-tetrahydro - 2-methanesulphonyl-6,7-dimethoxyisoquinoline (XV) 
and (XX).—(a) Emetine series. A solution of the foregoing amine (XIX) (312 mg.) and 
benzaldehyde (150 mg.) in anhydrous ethanol (10 ml.) was evaporated to dryness at 40°. The 
residue was dissolved in anhydrous ethanol (10 ml.), the ethanol was evaporated as before, and 
this process was repeated twice more. Platinic oxide (0-1 g.) was added to a solution of the 
final residue in ethanol (70 ml.) and water (3 ml.), and the mixture was shaken with hydrogen at 
room temperature and pressure; uptake was 1-15 mol. After the catalyst and solvents had 
been removed, the products were dissolved in an excess of dilute sulphuric acid, this solution 
was extracted thrice with 4: 1 ether—chloroform, then basified with potassium carbonate and 
extracted again with 4: 1 ether—chloroform to yield a gum (280 mg.). Purification was achieved 
by countercurrent distribution of this gum (scattered in first 3 tubes) between ethyl acetate 
and aqueous buffer made from 0-5mM-KH,PO, (150 vol.) and 0-5mM-K,HPO, (2-4 vol.); after 96 
transfers, one main peak (K, 0-75) was detected. The base was recovered from the contents of 
tubes 27—-51 thus: the ethyl acetate layer was shaken with an excess of 2N-hydrochloric acid, 
and the aqueous extracts were combined with the original aqueous buffer solution, which was 
then basified and extracted thrice with 4:1 ether-chloroform. Evaporation of the dried 
extracts left the benzylamine (XX) as a gum, [aJ,,2° + 18-1° (c 1-38 in CHCI,), infrared spectrum 
(CHCI,) identical with those of the (-+-)- and (—)-isomers below. 

(b) Calycotomine series. NO-Dimethanesulphonylcalycotomine (XIV) (0-2 g.) was dried at 
65° for 1 hr. and then heated under reflux with freshly distilled benzylamine (5 ml.) for 2 hr. 
The excess of benzylamine was distilled off at 100°/0-1 mm. and the residue was worked up for 
bases as for the hydrogenation product under (a) above. A gum (175 mg.) was obtained which 
crystallised from ethanol to give (-+-)-1-benzylaminomethyl-1,2,3,4-tetrahydro-2-methanesulphonyl- 
6,7-dimethoxyisoquinoline (as XV) (44 mg.), m. p. 176—177°, [a], 0° (Found: C, 61-8; H, 6-7; 
N, 7-2. CyoH.,.0O,N,S requires C, 61-5; H, 6-7; N, 7-3%). 

This preparation was repeated on a larger scale and the crude basic fraction without 
crystallisation was purified by countercurrent distribution for 97 transfers in the solvent system 
named in (a) above. A well-separated peak (K, 0-86) was detected by analysis and the contents 
of tubes 30—56 were worked up as before, to give the benzylamine (XV) as a gum, [a],,2° —16-5° 
(c 1-72 in CHCI,), infrared spectrum (in CHCI,) identical with those of the (--)- and (+)-isomers 
above. 
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The (+-)-benzylamine from (a) above (73-2 mg.) and the (—)-isomer from (b) above (81-5 mg.) 
were dissolved together in hot ethanol (3 ml.). On cooling, the (+)-benzylamine (as XV) 
separated (128 mg.; 83%), m. p. and mixed m. p. 177—177-5°, infrared spectrum (in CHCI,) 
identical with that of the (+)-sample obtained earlier, [a], 0° (c, 1-77 in CHCI,). 

(—)-1-2’-A cetoxyethyl-2-ethyl-1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline (XXI; R = OAc). 
—The amino-ester (XII), [a], +15-2° (in EtOH), was dried at 65° for 4 hr. and it (4-4 g.) was 
then extracted from a Soxhlet thimble into a stirred suspension of lithium aluminium hydride 
(1-6 g.) in boiling anhydrous ether (250 ml.). After the mixture had been heated under reflux 
for 6-5 hr., the excess of hydride was decomposed with water (10 ml.) and 15% potassium 
carbonate solution (5 ml.), and the solids were filtered off and washed with ether. The filtrate 
was worked up as usual to give a neutral and a basic fraction (3-25 g.), and the latter was heated 
at 100° with acetic anhydride (75 ml.) for 1-5 hr. Evaporation of the anhydride left a gum 
which was separated as before into a neutral and a basic fraction (1-86 g.); distillation of the 
latter in a short-path still at 165° (bath)/0-01 mm. gave the N-ethyl ester (KXI; R = OAc) 
(Found, in freshly distilled material: C, 65-8; H, 83; N, 4-7%; equiv., 298. C,,H,,0,N 
requires C, 66-4; H, 8-1; N, 4-6%; equiv., 307). 

(—)-1,2-Diethyl-1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline (XXII).—A solution of the fore- 
going ester (XXI; R = OAc) (0-84 g.) in 2N-hydrochloric acid (75 ml.) was heated under reflux 
for 15 hr., then evaporated to 20 ml., basified with potassium carbonate, and extracted thrice 
with ether to give the crude alcohol (XXI; R = OH) asa gum (0-71 g.). This was distilled at 
150° (bath)/0-01 mm. and the distillate in dry chloroform (35 ml.) was stirred at 0° with calcium 
carbonate (1-3 g.) while phosphorus pentachloride (2-1 g.) was added during 45 min. After the 
mixture had been stirred at room temperature overnight, it was filtered, the pad was washed 
with chloroform, and the filtrate was evaporated to dryness. The residue was fractionated 
without delay by countercurrent distribution between ethyl acetate and 0-5m-phosphate buffer 
(pH 7-6). Five transfers of the lower layer were carried out and the upper layers from tubes 0 
and 1 were then shaken with an excess of dilute hydrochloric acid; basification of the acidic 
solution and extraction with ether (600 ml.) gave a solution of the crude chloride (XXI; R = 
Cl). Meanwhile, the reducing agent had been prepared as follews. Small pieces of aluminium 
foil (20 g.) were covered with 2N-sodium hydroxide and, when the reaction was brisk, the 
alkali was decanted and the metal was washed thoroughly with water, ethanol, and ether. The 
ethereal solution of the chloride (XXI; R = Cl) was quickly added together with mercuric 
chloride (6 g.), and the mixture was shaken until amalgamation was complete; water (70 ml.) 
was then added and the mixture was kept at room temperature for 15 hr. with occasional 
shaking. After the ethereal solution had been decanted, the solids were washed with ether, 
and the combined ethereal solution and mercuric chloride (2-5 g.) were added to fresh aluminium 
foil (16 g.) prepared as above; water (50 ml.) was added and, after 15 hr., the treatment with 
fresh aluminium (16 g.), mercuric chloride (2-5 g.), and water (50 ml.) was repeated. Evapor- 
ation of the final ether solution gave the 1-ethylisoquinoline (XXII) as a gum (316 mg.), purified 
by distillation at 130° (bath)/0-01 mm. (Found, in freshly distilled material: C, 69-5; H, 9-0; 
N, 5-2. C,;H,,;0,N requires C, 69-5; H, 8-9; N, 5-4%). 

The alumina residues from the above reductions were extracted with ether in a Soxhlet 
apparatus to give more (56 mg.) of the same base which was converted in ethanol into the 
picrate, m. p. 137—138° (Found: C, 52-3; H, 5-7. C,,H,,0,N, requires C, 52-7; H, 5-4%). 
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699. Researches on Acetylenic Compounds. Part LXIV.* The: 
Preparation of Conjugated Octa- and Deca-acetylenic Compounds. 


By E. R. H. Jones, H. H. Lee, and M. C. WHITING. 


Polyacetylenic hydrocarbons with t-butyl end-groups and having eight 
and ten conjugated acetylenic linkages have been prepared. Their physical 
properties are discussed. 


Parts XXXIX and XLI! described the preparation of polyacetylenic compounds with 
methyl and phenyl end-groups. For the former, the longest chain obtainable had six 
acetylenic linkages; and for the latter, eight. In each case the last obtainable member 
of the series was extremely difficult to handle because of low solubility and instability. 
Independently, Bohlmann ? prepared a similar series of polyacetylenes having t-butyl groups 
at both ends. These hydrocarbons were obtained up to » = 7, and even this member of the 
series appeared, from the published description, to be soluble in most solvents and reason- 
ably stable. These differences were plausibly explained ? as due to the ability of the bulky 
and cylindrically-symmetrical end-groups to keep the rod-like polyacetylenic chains well 
outside bonding distance. (At the same time, the possibility of attack, e.g., by free 
radicals, on any hydrogen atoms on a carbon atom at the end of the chain would obviously 
be eliminated.) The same principle was later applied, with outstandingly successful 
results, to the preparation of stable aliphatic cumulenes.® 

When electronic absorption spéctra became accurately known for longer * (8—10) as 
well as shorter 5 (3—7) polyenes with simple end-groups, it became desirable to extend 
similarly the range of known aliphatic polyacetylenes; the use of t-butyl end-groups was 
obviously necessary. It seemed that progress might be made in this direction by the 
use of penta-1,4-diyn-3-ol, which became readily accessible only recently. In principle, 
it was necessary merely to modify a reaction scheme already used by Bohlmann: 2 


BuC=C-CHO + BrMg*C=C-CHy’O*MgBr — But*C=C+CH(OH)*C=C-CH,°OH 
—> BuC=C*CHCIrCESC*CH,Cl —> Bu*[C=C],H —t BuY[C=C],"But 


(a) by substituting penta-1,4-diyn-3-ol for propargyl alcohol, to obtain the octayne (IV), 
and (b) by using the homologous aldehyde (VI), to prepare the decayne. The latter 
aldehyde was prepared by Bohlmann ? who has not, however, reported its condensation 
with propargyl alcohol to obtain, by the same route, the octayne. In practice the addition 
of further acetylenic linkages rendered many of the methods hitherto used ineffective, and 
alternatives had to be devised. 

Penta-1,4-diyn-3-ol was stated ® to be a remarkably stable solid; and this is true of the 
pure alcohol. However, a very violent explosion took place when the crude product was 
distilled, and we wish to draw attention to the modified technique for the isolation des- 
cribed in the Experimental section. When a solution of the alcohol in tetrahydrofuran 
was treated with ethylmagnesium bromide (2 mol.), a soluble bisbromomagnesium 
derivative (II) was obtained which with 4,4-dimethylpent-2-ynal 2 (I) gave a good yield 
of a chromatographically isolated glycol fraction with the expected ultraviolet trans- 
parency and infrared spectrum. Attempts to oxidise it to the hexa-acetylenic tetraol were 
unsuccessful, the glycol being recovered in good yield. Treatment with thionyl chloride 
alone * gave unsatisfactory results but, after treatment with thionyl chloride in pyridine,} 
spectroscopic results suggested that a very unstable dichloride (III) had been obtained; 


* Part LXIII (incorrectly numbered LXII), J., 1960, 341. 

1 Cook, Jones, and Whiting, J., 1952’ 2883; Armitage, Entwistle, Jones, and Whiting, J., 1954, 147. 
2 Bohlmann, Chem. Ber., 1953, 86, 63, 657. 

* Bohlmann and Kieslich, Chem. Ber., 1954, 87, 1363. 

* Bohlmann and Mannhardt, Chem. Ber., 1956, 89, 1307. 

5 Nayler and Whiting, J., 1955, 3037. 

® Jones, Skattebol, and Whiting, J., 1956, 4765. 
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no attempt was made to purify this compound. A number of mild bases [cold potassium 
ethoxide, triethylamine, and alkaline alumina (see below)] failed to convert it into any 
product having the characteristic intense bands of the tetrayne system at 2350 A, etc. 


Bu*C=C*CHO + BrMg*C=C*CH(O-MgBr)>C=CH ——t Bu*C=C*CH(OH)*C=C*CH(OH)*C=CH 
(D (11) 


1 2 
— > Bu’C=C*CHCl*C=C-CHCI*C=CH —— Bu*[(C=C],*But 
(III) (IV) 
Reagents: |, CsHsN-SOCI, 2, NaNH,; Cu(OAc)3,C5H,N 


Sodamide in liquid ammonia at —33° did so, and after chromatographic purification a 
concentrate of the desired tetrayne was obtained in about 6% overall yield (spectro- 
graphically estimated) from the crude glycol. 

Early attempts to couple this hydrocarbon oxidatively failed, apparently because of the 
extreme insolubility of its cuprous derivative (conjugated terminal di- and especially 
tri-acetylenes often give such unreactive derivatives). The elegant method of Eglinton 
and Galbraith ? was therefore used, and readily gave the desired octayne (IV) which proved 
to be highly crystalline and almost as stable as its lower homologues. 

For the decayne it was necessary to use 6,6-dimethylhepta-2,4-diynal (VI); and we 
found that, as prepared by the method of Bohlmann,? the intermediate 5,5-dimethylhexa- 
1,3-diyne was contaminated with about 10% of a dimethylchlorohexenyne (V), which was 
separated by fractional distillation. As the methods earlier described for converting this 
hydrocarbon into the aldehyde (VI) were unsatisfactory, we employed the Bouveault 
synthesis,® and obtained a 30% yield, although the instability of the product prevented 
analysis. The condensation with penta-1,4-diyn-3-ol proceeded as for the lower homo- 
logue; but because the product again resisted crystallisation, and a further sequence of 
unstable non-crystallisable intermediates lay ahead, it was subjected to counter-current 
distribution between benzene-light petroleum and aqueous ethylene glycol. The glycol 
(VII) was thereby obtained as a syrup showing well-defined low-intensity bands of the 
[C=C], system with the expected intensity, a sensitive test of purity. 

The conversion of this glycol (VII) into the dichloride (VIII) gave difficulty, which was 
traced to a reaction, probably initially prototropic,® with pyridine itself. A modified 
technique was evolved which minimised this although the resultant solution showed 
unwanted maxima at long wavelengths attributable to rearranged products. It was 


BuCHCIkC=C-CH,Cl ——p> Bu*CCI=CH*C=CH(?) + Bu*{C=C],"H 
(V) \ } 


Bu*[C=C],*CH(OH)*C=C*CH(OH)*C=CH «¢— Bu*[C=C],*CHO + (Il) 
(VID) 


(VI) 





21 4 
3 4 
But-[C=C]eCHClhC=C*CHClhC=CH ——pe Bu*[C=C],“H —a Bu*[C=C],9*But 
(VIII) (TX) (%) 


Reagents: |, EtMgBr, Me,N*CHO 2, SOCI,-C5H,N 
3, KOH-AI,O; 4, Cu(OAc)s, Cs5H5N 


again possible to use the extremely intense polyacetylene bands (of the [C=C]; system) to 

assay the products of dehydrohalogenation experiments. Again, potassium hydroxide, 

potassium carbonate, and triethylamine were unsuccessful, and this time sodamide also gave 

unsatisfactory results; but alkaline alumina ! now proved effective, and a ca. 17% yield 
7 Eglinton and Galbraith, J., 1959, 889. 

can Bouveault, Bull. Soc. chim. France, 1904, 31, 1322; cf. Jones, Skattebel, and Whiting, J., 1958, 


® Nineham and Raphael, J., 1949, 118. 
1 Castells and Fletcher, J., 1956, 3245. 
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of pentayne (IX) (from diol) was obtained. Eglinton-Galbraith coupling’? gave the 
decayne (X) without difficulty. Alternatively, and remarkably, the Eglinton—Galbraith 
reagent, cupric acetate in aqueous-methanolic pyridine, converted the dichloride directly 
into the decayne, giving a 24% yield from the glycol (VII). 

The decayne (X) forms salmon-coloured needles, stable for periods of days in air and 
light at room temperature. It is fairly soluble in organic solvents, and is altogether 
easier to handle than the dimethyl analogue with only four triple bonds. Admittedly it 
decomposed, without melting, at about 100°, and when touched with a hot glass rod it or 
its lower homologue (IV) deflagrated mildly, with the formation of much carbonaceous 
matter. 

The absorption spectra of the two hydrocarbons (IV) and (X) are illustrated in Fig. 1 
and tabulated below. The medium-intensity bands at long wavelengths—well into the 
visible—are comparable in intensity with those of lower homologues. These results 
confirm the impression that the intensity of absorption in this region is independent of 


Fic. 1. The ultraviolet absorption spectra of (a) the octayne (1V) and (b) the decayne (X). 














1 1 j l 1 1 
2000 3000 4000 5000 2000 3OOO 4000 5000 
Wavelength (A) 


the chain-length of a poly-yne, though the overlapping absorption from the next very 
intense transition prevents evaluation of the oscillator strength. The ultra-high-intensity 
bands are, as expected, more intense on a molar extinction basis than those of any other 
substances yet described; the highest value in the literature hitherto is, we believe, 610,000 
for the dilithium derivative of meso-tetraphenylporphin.™ 

As has been observed for the dimethylpoly-ynes,! the simple di-t-butylpoly-ynes show 
more complex fine-structure in the long-wavelength medium-intensity transition than do 
polyacetylenic compounds having one or more ethylenic or similar end-groups. Although 
it is possible to discern some periodicity of rather less than the usual 2000 cm. interval 
in the absorption in this region, detailed treatment would not be justified. In the ultra- 
high-intensity bands, however, the vibrational spacing is well resolved and proves to be 
about 1900 and 1800 cm.* for (IV) and (X), respectively. In Fig. 2 the spacing-frequency 
of these bands is plotted against chain-length, and (despite some understandable experi- 
mental scatter) is seen to diminish steadily. Analogous data for the dimethylpolyenes * 5 
show no comparable trend. 

In addition to the two sets of bands known from earlier work on lower poly-ynes, the 
spectra illustrated (Fig. 1) reveal one or more additional electronic transitions at short 


1 Dorough, Miller, and Huennekens, J. Amer. Chem. Soc., 1951, 78, 4315. 
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wavelengths with intensities of the order of 10. These also show well-defined vibrational 
fine-structure which is not, however, spaced at about 2000 cm. as for the two more 
familiar transitions at longer wavelengths. They are not sharply separated from the 
ultra-high-intensity transition, and they no doubt make a considerable contribution to the 
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Fic. 2. Vibrational spacing vales for (A) poly-ynes and (B) polyenes. 
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observed oscillator strength values for the polyacetylenes (IV) and (X). These were 
calculated from the equation, f = 4-31 x 10% fedv, with integration from 2000 A 
upwards. It is therefore hardly surprising that the values, 12-0 and 14-3, obtained lie 
far from those indicated by extrapolation of Bohlmann’s results with the lower di-t- 
butylpoly-ynes. 


Absorption maxima in hexane. 


Octayne (IV) (Fig. la) 


d (A) € 

2110 31,900 
2150 * 19,800 
2195 24,000 
2270 18,400 
2355 7,700 
2420 5,800 
2475 7,100 
2525 9,700 
2585 * 9,000 


A (A) 
3100 
3295 
3565 * 
3595 * 
4045 
4145 
4370 
4515 * 
4755 


€ 

580,000 
705,000 
2,000 
1,800 
340 

230 

270 

140 

150 


d (A) 
2180 
2270 
2370 
2420 * 
2470 
2555 
2635 
2750 
2885 


Decayne (X) (Fig. 1b) 


€ 
30,000 
44,000 
54,000 
26,500 
44,500 
32,000 
15,500 
22,000 
53,000 


A (A) 
3395 
3625 
3880 * 
4095 * 
4215 * 
4330 * 
4445 
4710 
4840 


€ 
695,000 
850,000 
6,100 
1,200 
550 
350 
330 
220 
150 


2645 29,000 4880 * 80 3030 
2775 94,000 3200 
2930 245,000 


140,000 5130 100 
345,000 5275 * 50 


* Denotes a shoulder. 


EXPERIMENTAL 


“Light petroleum ”’ refers to the fraction of b. p. 30—40°, unless otherwise stated, and 
“alumina ’’ to Peter Spence’s Grade 0; “‘ deactivation ’’ involved treatment with 10% of 10% 
acetic acid. 

Penta-1,4-diyn-3-ol (improved method; the technique for isolation given earlier is now 
known to be hazardous).—Ethynylmagnesium bromide was prepared from magnesium (48 g.) 
in tetrahydrofuran (2 1.), and a solution of ethyl formate (50 g.) in tetrahydrofuran (100 c.c.) 
was added at 0°. The mixture was stirred for 18 hr. at 20°, then ammonium chloride (500 g.) 
was added as a saturated aqueous solution. The lower layer was extracted with ether (3 x 250 
c.c.), and the organic layers were dried (Na,SO,) and evaporated through a short Dufton column 
to 500 c.c., then at 200 mm. until no more solvent distilled. The dark syrup was extracted 


12 Armitage, Cook, Entwistle, Jones, and Whiting, J., 1952, 1998. 
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continuously with light petroleum (b. p. 40—60°), and the insoluble residue, presumably 
containing higher polymers of the type X-[CH(OH)-C=C]-Y, was discarded. The light petroleum 
was evaporated and the light-brown residue was distilled at ca. 15 mm., and bath-temp. 70—90°. 
Crystallisation of the distillate from benzene-light petroleum gave the alcohol (23 g., 43%). 

9,9-Dimethyldeca-1,4,7-triyne-3,6-diol—_Ethylmagnesium bromide was prepared under 
nitrogen from magnesium (1-6 g.) in dry tetrahydrofuran (50 c.c.). While still warm, the 
Grignard reagent was transferred under nitrogen to a dropping funnel, and added dropwise at 
20—25° to a stirred solution of penta-1,4-diyn-3-ol ® (2-4 g.) in dry tetrahydrofuran (25 c.c.). 
After being stirred for an additional 30 min. the resulting yellow solution was cooled to 0° and 
treated with 4,4-dimethylpent-2-ynal ? (3-1 g.) in dry tetrahydrofuran (10 c.c.). The mixture 
was stirred under nitrogen for a further 4 hr. at 20°, then decomposed with saturated ammonium 
chloride solution. Isolation with ether gave a brown gum which was chromatographed on 
deactivated alumina. From the benzene-ether (1:1) and ether eluates the expected diol 
(4:1 g., 75%) was obtained as a light-brown syrup which resisted attempts at crystallisation 
and showed virtually no ultraviolet absorption. It had vy,, (in CCl,) 3600, 3300, 2250, 2130, 
and 1365 cm. (shoulder at 1375 cm.). Attempts to couple the diol in the presence of cuprous 
chloride and aqueous ammonium chloride (adjusted to pH 2 with concentrated hydrochloric 
acid) under oxygen }* were not successful. Very little coupling took place as determined by 
ultraviolet absorption, and, in each case, the starting material (identified by its infrared 
spectrum) was recovered in good yield with slight decomposition. 

2,2,19,19-Tetrvamethyleicosa-3,5,7,9,11,13,15,17-octayne (IV).—Thionyl chloride (2-0 g.) was 
added dropwise with stirring to a solution of the above diol (1-2 g.) in dry ether (25 c.c.) and 
pyridine (1-3 g.) at 20—25°. The tarry mixture was stirred for a further 1 hr. at 20°, then - 
heated under reflux for 2 hr. Decomposition with ice and isolation with ether gave a dark 
solution which was washed with sodium hydrogen carbonate solution, dried (MgSO,), concen- 
trated to ~15 c.c. under reduced pressure, and added dropwise with stirring to a suspension of 
sodamide [prepared from sodium (1-0 g.) in liquid ammonia (50 c.c.)] at —33°. After 15 min., 
ammonium chloride (4 g.) was added, followed by light petroleum (75 c.c.) whilst the ammonia 
was allowed to evaporate. The organic solution was decanted from the solid residue which 
was further extracted with light petroleum (50 c.c.). The combined light petroleum extracts 
were washed with n-sulphuric acid, then saturated sodium hydrogen carbonate solution, dried, 
and passed through deactivated alumina (40 g.) in the dark. The eluate (150 c.c.) had Ans: 
2130, 2220, and 2350 A. If we assume e = 300,000 at 2350 A,»? the yield of 9,9-dimethyl- 
deca-1,3,5,7-tetrayne was approximately 6%. 

The eluate was concentrated to ~50 c.c. in the dark at 0° in nitrogen and under reduced 
pressure. Methanol (100 c.c.) was added and the solution was again concentrated, to ~30 c.c. 
Finally, the methanolic solution was added to a solution of cupric acetate (15 g.) in pyridine 
(45 c.c.) and water (40 c.c.) and set aside in the dark at 15—17° for 72 hr. After dilution with 
water, the product was isolated with ether; the ether solution was washed with n-sulphuric 
acid and aqueous sodium hydrogen carbonate and dried (MgSO,). Removal of ether under 
reduced pressure left a brown solid which was purified by chromatography on deactivated 
alumina in the dark. The light petroleum (b. p. 30—40°) eluate, on evaporation, gave the 
expected hydrocarbon (IV) (40 mg., 4% based on the diol) which crystallised from light 
petroleum-—methanol as yellow-brown needles, decomp. >130° (Found: C, 93-6; H, 6-35. 
C,,H,, requires C, 94:05; H, 5-95%). 

Attempts to obtain the tetrayne by dehydrohalogenation of the dichloride with milder 
reagents, e.g., alkaline alumina,!® triethylamine, or potassium ethoxide, were unsuccessful. In 
no case did the ether extract show detectable absorption characteristic of the tetrayne 
chromophore. 

5,5-Dimethylhexa-1,3-diyne.—1,4-Dichloro-5,5-dimethylhex-2-yne (50 g.) was prepared and 
dehydrohalogenated with sodamide (from 21 g. of sodium in 400 c.c. of liquid ammonia) 
according to Bohlmann’s procedure.? The product (20-5 g.) had b. p. 42—44°/50 mm. and 
Amax, 2265 (¢ 1585) and 2355 A (ec 1440). This was combined with the product from a similar 
preparation (26 g.; from 67 g. of the dichloride) and fractionated through a Dixon column 
(1 x 24 cm.), giving partial separation of two products, b. p. 34—35°/30 mm. (34-5 g.), »,%* 
1-4590—1-4610, Amax. 2365 A (e 1020—1810), and b. p. 50—58°/30 mm. (10 g.), m,%* 1-4635— 
1:4648, Amax 2365 A (e 7000). Repeated fractionation of the lower-boiling material gave the 
almost pure hydrocarbon (28-8 g.), becoming brown rapidly when kept, b. p. 34—35°/30 mm., 
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Mp" 1:4590—1-4600, Amax, 2150 (¢ 330—380), 2250 (¢ 430—450), 2365 (ec 400-—450), and 2500 A 
(e 200—270), which was used for subsequent work. The higher-boiling material on refraction- 
ation afforded a sample, b. p. 52—53°/20 mm., 7,,*° 1-4690, which had light-absorption maxima 
at 2265 (e 11,000) and 2355 A (ec 9300) characteristic of a vinylacetylene, and vmx (in CCl, and 
CS,) (among others) 3300, 2100, 1600, 900, and 750cm.. On the above evidence and analytical 
data (Found: C, 67-1; H, 7-6; Cl, 25-6. C,H,,Cl requires C, 67-35; H, 7-75; Cl, 24-85%) the 
compound was believed to be 3- or 4-chloro-5,5-dimethylhex-3-en-l-yne (V). 

6,6-Dimethylhepta-2,4-diynal (V1).—5,5-Dimethylhexa-1,3-diyne (5-6 g.) in dry ether (15 c.c.) 
was added at 15—17°, dropwise with stirring and under nitrogen, to a solution of ethyl- 
magnesium bromide prepared from magnesium (1-6 g.) and a slight excess of ethyl bromide in 
ether (50 c.c.). The solution was heated under reflux for 1 hr., cooled, transferred under 
nitrogen to a dropping funnel, and added dropwise to a rapidly stirred solution of dimethyl- 
formamide (20 g.) in ether (40 c.c.) at —10°. The resulting complex was stirred and allowed 
to warm to 15—17° in 0-5 hr., and then poured into a stirred solution of 5% sulphuric acid 
(500 c.c.). The ethereal layer was separated, washed, and dried (MgSO,). The aqueous layer 
was further covered with ether (100 c.c.) and set aside at 15—17° in the dark for 48 hr., giving 
a yellow ether layer which was separated, washed, dried, and combined with the ether solution 
above. After removal of the solvent under reduced pressure, distillation gave the expected? 
unstable aldehyde (VI), b. p. 40—43°/0-2 mm. (1-95 g., 30%), which darkened rapidly at 20°, 
Amax. 2300, 2450, 2580, 2715, and 2890 A in EtOH. 

11,11-Dimethyldodeca-1,4,7,9-tetrayne-3,6-diol (VII).—Ethylmagnesium bromide was 
prepared under nitrogen from magnesium (0-9 g.) and a slight excess of ethyl bromide in dry 
tetrahydrofuran (40 c.c.). While still warm, the Grignard solution was transferred under 
nitrogen to a dropping funnel and added dropwise at 20—25° to a stirred solution of penta- 
1,4-diyn-3-ol (1-4 g.) in dry tetrahydrofuran (30 c.c.). After an additional 2 hours’ stirring, the 
brown solution was cooled in an ice-bath and treated with a solution of 6,6-dimethylhepta-2,4- 
diynal (2-0 g.) in tetrahydrofuran (10 c.c.). The mixture was stirred under nitrogen for a 
further 4 hr. at 15—17°, then cooled and decomposed with saturated ammonium chloride 
solution. The product was isolated with ether and purified by chromatography over deactivated 
alumina. From the ether eluate was obtained a light brown syrup (1-85 g., 58%) whose vray 
(in CS, and CCl,) indicated it to be essentially the expected diol. Ultraviolet absorption data, 
however (Amax, 2180, 2305, 2425, 2565, 2730, 2900, and 3075 A), indicated the presence of con- 
taminants; this material was therefore further purified by counter-current distribution between 
30% aqueous ethylene glycol and 7 : 3 benzene-light petroleum (b. p. 40—60°). The pure glycol 
(VII), a light yellow syrup, showed Aggy (in MeOH) 2190 (ec 480), 2310 (e 517), 2430 (ec 510), and 
2565 A (e 312) and no absorption at longer wavelengths. It still resisted crystallisation. 

2,2,23,23-Tetramethyltetracosa-3,5,7,9,11,13,15,17,19,21-decayne (X).—A mixture of thionyl 
chloride (2-5 g.) and pyridine (1-5 g.) in dry ether (10 c.c.) was added at 15—17° to a stirred 
solution of the diol (VII) (850 mg.) in dry ether (50 c.c.). After being stirred at 15—17° for 
3 hr., the mixture was heated under reflux for 0-5 hr., cooled, and poured into ice and ether 
(200 c.c.). The ethereal solution was separated, washed with aqueous sodium hydrogen 
carbonate, and dried (MgSO,). 

Part of the ether solution (220 c.c. from a total of 280 c.c.) was passed through a column of 
alumina (200 g., Peter Spence’s ‘‘ Grade H”’) in the dark. The ether eluate (400 c.c.) had 
Amax. 2595, 2465, 2340, and 2220 A. On the basis of e = 400,000 at 2595 A, the yield of pentayne 
(IX) was ~17%. The ether eluate was concentrated in the dark under reduced pressure to 
~150 c.c., ethanol (100 c.c.) was added, and the solution was again concentrated (to 100 c.c.). 
The ethanolic solution was finally added to a solution of cupric acetate in aqueous pyridine 
(400 c.c.; prepared from 92 g. of cupric acetate, 240 c.c. of pyridine, and 270 c.c. of water) and 
set aside in the dark at 15—17° for 72 hr. After dilution with excess of water, the product was 
extracted with ether (3 x 200 c.c.); the ethereal solution was washed to neutrality and dried 
(MgSO,). Evaporation of the solvent under reduced pressure gave a residue which was 
chromatographed in light petroleum on deactivated alumina. From the light petroleum 
eluate was obtained the decayne (X) [216 mg., 39% based on the diol (VII)] which crystallised 
from the same solvent as orange needles, decomp. ca. 100° (Found: C, 94-75; H, 5-05. CygHyg 
requires C, 94-9; H, 5-1%). 

As the yield of decayne was greater than that of its nominal precursor, the pentayne, it was 
clear that the former was also being formed by the action of the Eglinton-Galbraith reagent on 
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some other substance, most probably some unchanged dichloride. The remaining ether 
solution (60 c.c.) from the chlorination of the diol (VII) was therefore added to ethanol (100 c.c.), 
and the solution concentrated under reduced pressure in the dark (~50 c.c.). The ethanolic 
solution was added to a solution (125 c.c.) of cupric acetate in aqueous pyridine, as above, and 
set aside at 15—17° for 72 hr. Isolation and purification afforded the orange-coloured decayne 
[35 mg., 24% based on the diol (VII)]. 

Attempts to dehydrohalogenate the dichloride (VIII) [from the diol (VII)] with 0-05n- 
potassium hydroxide or aqueous potassium carbonate in ethanol were not successful. In the 
former case, the product after 30 min. had 2,,, 3840, 3560, 3320, 3120, 2850, 2720, 2410, and 
2280 A. In the latter case, the product showed the same maxima and also additional bands, 
attributed to the pentayne chromophore, at 2595 and 2470 A. When triethylamine was used 
as the dehydrohalogenating agent, light-absorption characteristics after 10 min. were suggestive 
of the presence of the ene-tetrayne chromophore. 


This work was carried out during the tenure by H. H. Lee of an I.C.I. Fellowship. 
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Synthesis of Odyssin A and Iso-odyssic Lactone. 
By E. R. H. Jones, J. B. Jones, L. SKATTEBOL, and M. C. Wuit1nc. 


The structures assigned to odyssin and odyssic acid, metabolites of the 
wood-rotting fungus B. 841, have been confirmed by syntheses of two of 
their transformation products. 


THE structures of odyssin and odyssic acid, produced by cultures of the Basidiomycete 
B. 841, have been established by Bu’Lock, Jones, and Leeming. Odyssin (I) itself and 
iso-odyssic lactone (III) were found to undergo alkali-catalysed rearrangement to odyssin 
A (II). 

Structure (II) was assigned to odyssin A on the basis of its ultraviolet and infrared 
absorption spectra, and its hydrogenation to dodecanoic acid. This structure has now 
been confirmed by the synthesis of trans-dodec-4-ene-6,8,10-triynoic acid (II) by the route 
shown below. 


aaa ain etc et ii fe) 
qd oO (Il) oO- 


“ x 


t 
CHyfC=C]yCH=CH-CHy°CH,°CO,H (IT) 


t t t 
HC=C*CH=CH-CH,OH —t» HC=C*CH=CH-CH,°CH(CO,R), —B» HC=C*CH=CH:CH,°CH,°CO,H —s (II) 
(IV) (V) 


° t 
i: Ete CHyfC=C]y*CH=CH-CH,*CH(CO,H), 


(VI) Oo (VID 


trans-Pent-2-en-4-yn-l-ol was converted into its bromide, which on treatment with 
diethyl malonate yielded (IV; R + Et). Hydrolysis afforded the dicarboxylic acid 
(IV; R =H), which was decarboxylated on distillation, giving trans-hept-4-en-6-ynoic 


* Part LXIV, preceding paper. 


1 Bu’Lock, Jones, and Leeming, J., 1957, 1097. 
5U 
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acid (V). Oxidative coupling of this acid (V) with penta-1,3-diyne afforded trans. 
odyssin A, unfortunately in rather low yield. Methylation with diazomethane gave 
the methyl ester, identical with the naturally derived material. 

From the decarboxylation of the malonic acid (IV; R = H), a small amount of neutral 
material was obtained, whose infrared spectrum [vmx 1960 and 857 (CH,=C=CH) and 
1770 cm. (y-lactone)] indicated structure (VI). This rearrangement, if general, could 
have been useful for the synthesis of odyssin (I). 

Accordingly, penta-1,3-diyne was oxidatively coupled with hex-3-en-5-yne-1,1-di- 
carboxylic acid (IV; R = H) to give the acid (VII), from which on decarboxylation a 
mixture of odyssin and odyssin A might have been produced. However, on distillation, 
extensive decomposition occurred, and no product could be isolated.” 

In order to synthesise iso-odyssic lactone (III), a route was developed which incidentally 
provided an alternative route to odyssin A. 

The acetylenic hydroxy-ester (VIII; R= Et) prepared from propargylmagnesium 
bromide and ethyl 6-formylpropionate always contained a small percentage of the lactone 
(IX), presumably formed by internal transesterification. In general, the contaminated 
ester was not purified, and the mixture was hydrolysed to the y-hydroxy-acid (VIII; 
R = H), which on distillation with toluene-p-sulphonic acid yielded the pure lactone (IX). 

Coupling * of 1-bromopenta-1,3-diyne with the lactone to give iso-odyssic lactone 
(III) could not be effected, even though a variety of conditions was tried. The use of 
primary amines* resulted in the formation of amides which then coupled normally, 
yielding the corresponding amides of iso-odyssic acid (X). No reaction occurred when 
pyridine was employed. The preparation of iso-odyssic acid (X) was finally accomplished 
by coupling 1-bromopenta-1,3-diyne with the potassium salt (VIII; R = K), the latter 
being prepared from the lactone (IX) with one equivalent of potassium hydroxide. 


HC=C-CHy*MgBr + OHC*CHy°CHy*CO,Et —p> HC=E-CHyCH*CHy°CHy°CO,R 


F (VIII) 
po omg 


CHsTC=CleCHy FH CHyCHy COM maatatees inti fe) 
OH 


Y 


(IIT) hehehe Gates: —> (I) 
re) 


(X) (ax) Oo—— 


As iso-odyssic acid derived from the natural product was too unstable to be readily 
handled,' the synthetic acid was not purified but was converted directly into iso-odyssic 
lactone (III). The ultraviolet absorption confirmed the presence of the triyne chromo- 
phore, and the infrared spectra of both the naturally derived and the synthetic material 
were identical. 

It was desirable to convert iso-odyssic lactone into odyssin A, as the final stage of the 
earlier synthesis gave only a low yield. The isomerisation of “ natural ’’ iso-odyssic 
lactone to odyssin A with 10% potassium carbonate! proceeded only in 20% yield, the 
main product being iso-odyssic acid. However, by using potassium t-pentyloxide a 70% 
conversion was achieved. Purification by countercurrent distribution afforded odyssin A 
as a mixture of cis- and trans-isomers, the cis-isomer being subsequently removed by 
crystallisation. This sample of the ¢rans-form had m. p. 110—155° (decomp.), unchanged 
on repeated recrystallisation. A comparison with the “ natural” and earlier synthetic 
acids, m. p.s 190° (decomp.), was unfortunately not possible, and it must be assumed that 


2 Jones, Lee, and Whiting, unpublished work. 
3% Chodkiewicz, Ann. Chim. (France), 1957, 2, 852. 
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trans-odyssin A is dimorphous. Methylation of the érans-acid with diazomethane gave the 
methyl ester, identical with the naturally derived material. : 

The mother-liquors from the crystallisation of the cis—trans-acid mixture were 
re-examined in an attempt to isolate the cis-component, but only a concentrate of the 
latter could be obtained. Methylation of this gave an oil whose infrared absorption spectrum 
contained bands at 740 (cis-CH=CH) and 950 cm.* (¢rans-CH=CH). On the basis of 
infrared absorption, it could be estimated that the pentyloxide-catalysed isomerisation 
of iso-odyssic lactone yielded ca. 90°%, of trans-odyssin A, compared with an estimated 75% 
of the ¢vans-isomer produced by carbonate-isomerisation of both naturally derived odyssin 
and iso-odyssic lactone. 

EXPERIMENTAL 


Ultraviolet absorption spectra were measured in ethanol on a Cary recording spectrophoto- 
meter model 14M, and infrared absorption spectra on a Perkin-Elmer spectrophotometer 
model 21. M. p.s were determined on a Kofler block and are corrected. Evaporations were 
carried out at 40° under reduced pressure. Light petroleum refers to material of b. p. 40—60°. 

Diethyl trans-Hex-3-en-5-yne-1,1-dicarboxylate (IV; R = Et).—1-Bromopent-2-en-4-yne 4 
(25 g.) was added during 1-5 hr. under reflux to a stirred suspension of ethyl sodiomalonate 
[from ethyl malonate (43-5 g.) and sodium (6 g.)] in absolute ethanol (115 c.c.). The mixture 
was then stirred overnight at 20° and poured into water. Extraction with ether, followed by 
distillation, afforded the diethyl ester (15-4 g.), b. p. 81—82°/0-05 mm., m,*" 1-4625 (Found: 
C, 64-45; H, 7-1. C,,H,,O, requires C, 64-25; H, 7-2%). 

trans-Hex-3-en-5-yne-1,1-dicarboxylic acid (IV; R = H).—The above diester (15 g.) was 
added to a solution of potassium hydroxide (10 g.) in ethanol (350 c.c.) and water (150 c.c.) and 
kept for 2 days at 5°. The mixture was evaporated to a small volume under reduced pressure, 
acidified, and extracted with ether. The ethereal extract was shaken with sodium hydrogen 
carbonate solution, and the acid again isolated with ether. The acid crystallised from benzene 
as needles (7-7 g.), m. p. 133—135° (decomp.) (Found: C, 56-9; H, 4:65. C,H,O, requires 
C, 57-15; H, 48%), Amax, 2240 A (e 13,400). 

trans-Hept-4-en-6-ynoic Acid (V).—trans-Hex-3-en-5-yne-1,1-dicarboxylic acid (5-0 g.) was 
distilled at 140—150° (bath)/0-5 mm. The crystalline distillate was treated with potassium 
hydrogen carbonate solution, acidified, and extracted with ether. Recrystallisation of the 
product from light petroleum gave trans-hept-4-en-6-ynoic acid (0-53 g.) as long needles, m. p. 64— 
66° (Found: C, 67-6; H, 6-25. C,H,O, requires C, 67-75; H, 6-5%), Amax, 2220 A (e 14,000). 

trans-Dodec-4-ene-6,8,10-triynoic acid (trans-Odyssin A) (II).—Penta-1,3-diyne ® (500 mg.) 
and trans-hept-4-en-6-ynoic acid (210 mg.) were added to cuprous chloride (4 g.) and ammonium 
chloride (7 g.) in water (20 c.c.), and the mixture brought to pH 3 with concentrated hydro- 
chloric acid. Hydrogen peroxide (7 c.c.) was added with stirring during 45 min., the tem- 
perature being kept below 5°. The mixture was acidified with dilute hydrochloric acid and 
extracted with ether. The acidic product was purified by treatment with (a) sodium hydrogen 
carbonate solution, and (b) M/15-disodium hydrogen phosphate buffersolution. Ether-extraction 
of the acidified phosphate solution yielded trans-odyssin A, which separated from methylene 
chloride-light petroleum in small colourless plates (3 mg.), m. p. 190° (decomp.). Bu’Lock, 
Jones, and Leeming give m. p. 185—195° (decomp.). For Amax, see Table. 


Ultraviolet absorption spectra. 


Compound Absorption maxima (A) and ¢ x 10-? (in parentheses) 
Iso-odyssic lactone 2080 2390 2520 2670 2850 3070 
(III) (174) (0-29) (0-31) (0-35) (0-33) _~—«(0-27 
N-Ethyliso-odyss- 2100 2390 2530 2680 2860 3080 
amide (154) (0-19) (0-24) + (0-33) (0-31) _~—«(0-16) 
trans-Odyssin A (II) 2100 2230* 2300 2420 2580 2725 2890 3080 
(31) (20-5) (71-0) += (117) (3-4)~—Ss« (7-0) ~—s (13-3) (16-9) 
trans-Odyssin A 2100 2230* 2300 2420 2570 2720 2880 3070 
methyl ester (33) (33) «= (76-5) += (136) += (3-6) ~—Ss((8) (16) (21-3) 
* Inflexion 


‘ Henbest, Jones, and Walls, J., 1950, 3646. 
5 Allan, Jones, and Whiting, /., 1955, 1862. 
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The methyl ester was prepared with ethereal diazomethane and crystallised from pentane 
at —70° as needles, m. p. 57-5—61-5° (mixed m. p. 59-5—62-5° with naturally derived methyl 
trans-odyssin A, m. p. 61-5—64-5°) (for Amax see Table), vmax (in CS,) 1740 (ester C=O) and 
950 cm."! (tvans-CH=CH). No band due to cis-CH=CH was present. 

Ethyl 8-Formylpropionate.-—Ethyl a-formylsuccinate (50 g., prepared by the method of 
Wislicenus, Béklen, and Reuthe *) and m/15-phosphate buffer solution’ (150c.c.; pH'7) were heated 
in an autoclave at 140—145° for 1 hr. with stirring, then saturated with salt, and extracted with 
ether (2 x 75c.c.), and the ethereal solution was washed with water (2 x 50c.c.). Evaporation 
of the ether was carried out under reduced pressure via a 10” Dufton column. Fractionation 
of the residue afforded ethyl 6-formylpropionate (18 g.), b. p. 72°/10 mm., , 1-4230 (lit.,* 
b. p. 70—72°/10 mm., n,** 1-4218). 

Ethyl 4-Hydroxyhept-6-ynoate (VIII; R = Et).—Propargylmagnesium bromide was prepared 
under nitrogen from propargyl bromide (5-95 g.), magnesium (1-15 g.), and dry ether (50 c.c.) 
as described by Prévost, Gaudemar, and Honigberg.® The Grignard solution was added 
dropwise at 0° during 45 min., with stirring under nitrogen, to freshly distilled ethyl 6-formy]- 
propionate (7-15 g.) in dry ether (100 c.c.). Then the suspension was stirred for a further 
15 min. at 0° and the complex decomposed with saturated ammonium chloride solution (50 c.c.), 
The ethereal layer was separated and the aqueous layer extracted further with ether (2 x 50 
c.c.). The combined extracts were dried (MgSO,) and evaporated. Distillation gave a fraction 
(48 g.), b. p. 70—100°/0-1 mm., which was shown to contain 5—10% of the lactone (IX) by 
the intensity of an infrared band at 1785 cm.1. Careful redistillation afforded the ethyl ester 
(4-2 g.), b. p. 75—76°/0-1 mm., ,,?” 1-4600 (Found: C, 63-55; H, 8-25. C,H,,O, requires C,63-55; 
H, 8°3%), Vmax, (in CCl,) 3510 and 3400 (OH), 3270 (@CH), 2105 (C=C), and 1727 cm.* (ester C=O), 

Lactone of 4-Hydroxyhept-6-ynoic Acid (IX).—The above ester (before separation of the 
lactone) (8-5 g.) was kept with potassium hydroxide (8-5 g.) in 50% aqueous ethanol (400 c.c.) 
overnight at 20°. The solution was evaporated (to 100 c.c.), made just acid to litmus with 
n-hydrochloric acid, and extracted continuously with ether for 24 hr. Drying and evaporation 
gave the hydroxy-acid (VIII; R = H) asa viscous yellow oil (7-7 g.)._ Distillation of a portion 
(4-05 g.) with a crystal of toluene-p-sulphonic acid gave the lactone (2-9 g.), b. p. 72°/0-05 mm., 
n,** 1-4764 (Found: C, 67-65; H, 6-4. C,H,O, requires C, 67-75; H, 65%), Vmax, (in CCl) 
3280 (=CH), 2110 (C=C), and 1785 cm." (y-lactone). 

N-Ethyliso-odyssamide.—The above lactone (0-62 g.) was added with stirring under nitrogen 
to 33% aqueous ethylamine (1-4 c.c.), cuprous chloride (0-01 g.), and a crystal of hydroxylamine 
hydrochloride. 1-Bromopenta-1,3-diyne* [from penta-1,3-diyne® (0-35 g., 1-1 mol.)] in 
methanol (1 c.c.) was then added during 5 min. at 30°. After being stirred for a further 10 min., 
the mixture was poured into n-hydrochloric acid and extracted with ether (2 x 50 c.c.). 
Evaporation gave a white solid (400 mg.) which was washed with light petroleum to remove 
hydrocarbon impurities and recrystallised from methylene chloride-light petroleum, the 
ethylamide separating as a microcrystalline solid (250 mg.), m. p. 89° (Found: C, 72-0; H, 7-2; 
N, 6-45. C,,H,,O,N requires C, 72-65; H, 7-4; N, 6-1%) (Amax, see Table), vmax (in CCl.) 3430 
(OH), 3280 (NH), 2233 (C=C), 1656 (amide CO-I), and 1532 cm. (amide CO-II). 

Iso-odyssic Lactone (II1).—The lactone of 4-hydroxyhept-6-ynoic acid (0-62 g.) with 
potassium hydroxide (0-28 g., 1 mol.) in 30% aqueous ethanol (1-5 c.c.) was kept overnight 
at 20°. The solution was then added to a mixture of 33% aqueous ethylamine (1-4 c.c.), cuprous 
chloride (0-01 g.), and a crystal of hydroxylamine hydrochloride. The mixture was stirred in 
nitrogen at 30° and 1-bromopenta-1,3-diyne * [from penta-1,3-diyne 5 (0-35 g., 1-1 mol.)] in 
80% aqueous methanol (1-5 c.c.) added dropwise during 10 min. After being stirred for a 
further 10 min., the solution was poured into N-hydrochloric acid (50 c.c.), and extracted with 
ether (3 x 25 c.c.). The ethereal solution was extracted with N-sodium hydroxide (2 x 50 
c.c.), and the combined aqueous phases were washed with ether. After acidification with 
2n-hydrochloric acid, crude iso-odyssic acid was isolated via ether as a pale yellow solid (0-45 g.). 

The crude iso-odyssic acid was immediately mixed with dry dioxan (97 c.c.) and concen- 
trated sulphuric acid (3 c.c.) and kept in the dark at 20° for 4 days. Water (1 1.) was then 


* Cf. Wislicenus, Béklen, and Reuthe, Annalen, 1908, 363, 347; Sugasawa, J. Pharm. Soc. Japan, 
1926, 46, 65. 

7 Sérensen, Biochem. Z., 1909, 21, 131. 

8 Stoll and Bolle, Helv. Chim. Acta, 1938, 21, 1547. 

® Prévost, Gaudemar, and Honigberg, Compt. rend., 1950, 280, 1186. 
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added and the yellow solid obtained by isolation with ether was decolorised with charcoal in 
methylene chloride solution. Recrystallisation from methylene chloride-ether—pentane gave 
iso-odyssic lactone as needles (0-27 g.), m. p. 97° (Bu’Lock, Jones, and Leeming? found the 
optically active, naturally derived, material to be polymorphic with m. p.s 64°, 73—74°, and 
93—98°) (Amax. See Table), vmx (in CS,) 2215 (C=C), and 1793 cm.* (y-lactone). 

trans-Odyssin A (II).—Potassium (42 mg., 1-1 equiv.) was dissolved in dry t-pentyl alcohol 
(5 c.c.) under reflux, and the cooled solution added to iso-odyssic lactone (180 mg.) in dry 
t-pentyl alcohol (100 c.c.). After 5 min. at 20°, potassium hydroxide (6 g.) in water (100 c.c.) 
was added and the mixture was made homogeneous with ethanol and kept overnight at 20° 
(hydrolysis of esters). Water (500 c.c.) was added and the solution extracted with methylene 
chloride (3 x 150 c.c.). The aqueous phase was then acidified (Congo Red) with 5n-hydro- 
chloric acid and extracted with ether (3 x 100 c.c.). The combined ethereal extracts were 
evaporated to 40 c.c., and the mixture of odyssin A and iso-odyssic acid was resolved by counter- 
current distribution between ether and m/15-disodium hydrogen phosphate. Evaporation of the 
ethereal odyssin A fractions afforded a solid (125 mg.) which on crystallisation from methylene 
chloride—pentane at —40° gave trans-odyssin A as needles (80 mg.), m. p. 110—155° (slow 
decomp.) (Amax, see Table), vingx, (im CCl,) 2220 (C=C), 1715 (C=O), and 950 cm.~ (#rans-CH=CH). 

Treatment of trans-odyssin A (35 mg.) with ethereal diazomethane gave the methy] ester, 
which separated from pentane at —40° in needles (26 mg.), m. p. 62—63° (Bu’Lock, Jones, 
and Leeming ! give m. p. 61-5—-64-5°) (Found: C, 78-15; H, 5-9. Calc. for C,,H,,O,: C, 77-95; 
H, 6-05%), Amax, aNd vmax, identical with values quoted previously. 
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701. The Solvation of Ammonium Ions in Sulphuric Acid. 


By T. G. Bonner. 


A method is described for the determination of the solvation number 
of the ammonium ion in ammonium sulphate—sulphuric acid—water mixtures 
based upon the direct dependence of the rate constant of cyclodehydration 
of 4-p-toluidinopent-3-en-2-one on the ratio of sulphuric acid to hydrogen 
sulphate (HSO,) concentrations in the mixtures. The solvation number of 
one for the ammonium ion appears to be maintained up to 3m-concentration 
of ammonium sulphate in the presence of 2mM-water. 

A H, acidity scale is evaluated for the range of acid media investigated. 


EVIDENCE that the ammonium ion in sulphuric acid has a solvation number of one has been 
provided by Gillespie et al. by determinations of depression of freezing point of solutions 
of ammonium sulphate in nearly anhydrous sulphuric acid. It is assumed that solvation 
of the hydrogen sulphate anion is negligible and this view has been more fully discussed 
together with the effect of dissolved salts on the density and viscosity of sulphuric acid.® 
The highest concentration of ammonium sulphate employed in freezing-point deter- 
minations was 0-12m, but the probability that the solvation of the ammonium ion is 
maintained up to a 30-fold higher concentration has already been suggested by kinetic 
results obtained for the cyclodehydration of 4-f-toluidinopent-3-en-2-one to 2,4,6-tri- 
methylquinoline in anhydrous ammonium sulphate-sulphuric acid solvents containing 
up to 4 moles/litre of the salt. The mechanism of the cyclodehydration then suggested 
has since been slightly modified,® but the validity of the conclusion concerning the solvation 

1 Gillespie, Hughes, and Ingold, J., 1950, 2473. 

* Gillespie and Oubridge, /., 1956, 80. 

3 Gillespie and Wasif, J., 1953, 215. 


* Bonner, Thorne, and Wilkins, J., 1955, 2351. 
5 Bonner and Barnard, J., 1958, 4176. 





3494 Bonner: The Solvation of 


of the ammonium ion is not affected. The unique value of the kinetic method is in allowing 
solvation studies at very much higher concentrations of the solute than is possible by 
freezing-point studies; in addition, it is evident that the method need not be confined to 
the anhydrous sulphuric acid media. This feature is important in that it provides a means 
of discovering whether or not the addition of water desolvates a cation in sulphuric acid. 
Accordingly, kinetic measurements have now been carried out in ammonium sulphate- 
sulphuric acid—water mixtures containing up to 3 moles per litre of ammonium sulphate 
and 2 moles per litre of water. 

The interpretation of the results is based on the knowledge that, in the aqueous acid 
in the range 85—97% sulphuric acid, the kinetic results satisfy the relation ® log k + Hy = 
constant, where & is the rate constant of cyclodehydration for a given medium and H, is 
the corresponding value of the Hammett acidity function. Since an anil formed from 
primary aromatic amines and acetylacetone is almost certainly completely converted 
into its conjugate acid (AH*) in these media,' it can be concluded that the cyclodehydration 
proceeds through a diprotonated form (AH,**) present in fractionally small amount. 
The equilibrium set up by these species can be represented by (1) The cyclodehydration 


a + E20, ae An, 4+BQ- .... « @ 

is a first-order reaction with a rate constant k, evaluated from (2), where [A] is the stoicheio- 
we I 

metric concentration of the anil. The theoretical rate equation based on the Brénsted 
-d[A]/d¢t = k[AH,**] i er ee 


treatment is given by (3), in which & represents the product of the theoretical rate con- 
stant and the ratio of the activity coefficients of AH,** and the transition complex. 

If the anil is almost entirely present as its conjugate acid and [AH*}>[AH,**], 
equations (4) and (5) are obtained 


k, = k{AH,**]/[AH*] Pa ee 
we 


where K represents the product of the thermodynamic equilibrium constant of eqn. (1) 
and the activity coefficient ratio f,n+fu,s0,/fan,++faso,-- Both k and K are assumed to 
be constant over the range of strongly acid media studied. 

Two different sulphuric acid—-water mixtures were investigated containing 97-90% 
and 98-44% of sulphuric acid severally, and in both cases the rate of cyclodehydration 
of 4-p-toluidinopent-3-en-2-one was measured in the presence of ammonium sulphate up 
to 3m-concentration. The ratio [H,SO,]/[HSO,-] was calculated from the total weight 
of reactant solution (50 ml.) containing the ammonium sulphate at 25° before addition 
of the anil (ca. 0-5 g.). It was assumed that, in all media, the water present was quantit- 
atively converted into hydroxonium and hydrogen sulphate ions. If the sulphuric acid 
molecules involved in solvation are effectively removed from participation in equilibrium 
(1), then the residual sulphuric acid concentration is reduced by ” moles for each g.-ion 
of cation present with a solvation number of ». The calculated value of [HSO,7] is 
independent of m, from which it follows that, if a direct dependence of k, on the ratio 
[H,SO,)/[HSO,~] expressed in eqn. (5) is found for any one value of », the experimental 
results cannot satisfy any other value of ». Three possibilities for cation solvation were 
considered, based on the following solvation numbers: (a) ammonium ion, 1; hydroxonium 
ion, 0; (6) ammonium ion, 1; hydroxonium ion, 1; and (c) ammonium and hydroxonium 
ions both zero. The calculated values of [H,SO,]/[HSO,~] for each of these three cases are 


* Hammett and Deyrup, J. Amer. Chem. Soc., 1932, §4, 2721; Hammett and Paul, ibid., 1934, 56, 
830. 
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designated A, B, and C respectively in the Table. The results previously reported * for 

ure sulphuric acid were recalculated, account being taken of the subsequent discovery 5 
that the dissolved anil is almost completely converted into its conjugate acid by an equi- 
molecular quantity of sulphuric acid with the formation of hydrogen sulphate ion. It is 
evident that equation (5) is only satisfied by the first proposition (a). The values of 


Correlation of the rate constant k, and the ratio [H,SO,)/[HSO,7] for the cyclodehydration 
of 4-p-toluidinopent-3-en-2-one. 
Initial concn. of 4-toluidinopent-3-en-2-one, 0-05m; Temp. 25°. 
Stoicheiometric concn. 

H,SO, [(NH,),SO,] [H,SO,Jr [H,0] 10°, 

(%) (M) (m) (m (min.~) og A/k, log Biky log C/ky 
97-9 0 18-29 131 — 1-75 
17-13 68 1-65 ° 1-73 
15-78 27 1-69 ° 1-87 
14-36 10-4 1-65 ° 2-08 
18-46 165 -- 
17-76 116 1-70 
17-08 76 1-67 
16-55 47 1-70 
15-87 35 1-66 
14-52 125 1-66 
17-32 131 1-71 
16-04 55-4 1-65 
15-37 31-4 1-69 
14-70 17-2 1-73 
13-26 2-98 1-71 
(S04) /{H,O], monosolvation of the NH,* ion only being assumed. 

oe both NH? and H,0* i ions being assumed. 
Pe no solvation of either NH, of H,O* ions being assumed. 
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log(A/k,) for this case are constant within each of the three media, and the mean values 
1-66, 1-68, and 1-70 for these media are in good agreement. No constancy is apparent in 
the case of (5) or (c). The value of one for the solvation number of the hydroxonium ion 
was suggested on the basis of cryoscopy data on sulphuric acid solutions, but later work * 
on the molal volumes of these solutions has led to a revised value of 0-4. A recalculation 
of (b) with this value instead of unity gave a smaller but still significantly pronounced 
variation in the log ratio (from 1-72 to 1-56 in 97-9% sulphuric acid, and 1-77 to 1-61 in 
98-44°, sulphuric acid). It is possible that the hydroxonium ion is desolvated as the 
concentration of ammonium ion is increased, so that the values of B gradually approach 
those of A. In the absence of ammonium sulphate the log ratio [H,SO,]/[HSO,~] in 97-9% 
sulphuric acid changes from 1-68 to 1-72 for a change of solvation number of the 
hydroxonium ion from 1 to 0-4, and the difference in the value of the log ratio is even less 
in 98-44% sulphuric acid. The possibility of desolvation of the ammonium ion in changing 
from pure sulphuric acid to aqueous acids containing up to 2m-water is clearly inadmissible. 
The fact that the relation between the ratio [H,SO,]/[H,O] and &, continues to hold up to 
a concentration of 3M-ammonium sulphate in the aqueous media suggests that the 
solvating power of the sulphuric acid is unimpaired by the presence of the water. This 
has a bearing on the problem of why the rate of nitration of aromatic compounds by the 
nitronium ion initially increases as water is added to pure sulphuric acid, in spite of 
accompanying decrease in the acidity of the medium.’ In a discussion of this problem,® 
the explanation put forward, that the solvating power of the medium decreased on addition 
of water with a consequent decrease of energy of activation of the nitration reaction, now 
seems less acceptable than the alternative description which the authors provide by 


7 Gillespie, J., 1950, 2493. 


163, Martinsen, 2 phys. Chem., 1904, 50, 385; Bonner, James, Lowen, and Williams, Nature, 1949, 
955. 


® Gillespie and Norton, J., 1953, 971. 
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applying the theory of solvent effects 1 to this medium in which addition of water produces 
a decrease in dielectric constant. 

It is significant that it has been found previously ** that log k, bears a linear relationship 
both to log [H,SO,]/[HSO,-] and to —H, and that in each case the slope of the line is 
approximately —1. This indicates that values of H, for these sulphuric acid-ammonium 
sulphate—water mixtures parallel those of log [H,SO,]/[HSO,~] and could be derived from 
them by the addition of a constant term, as in equation (6). Evaluation of the ratio 


H, = constant — log ([H,SO,]/[HSO,7]) . . . . . (6) 


[H,SO,)}/[HSO,-] is based solely on the composition by weight of the mixtures and the 
assumption that there is complete conversion of the water present into hydroxonium ion 
and of the ammonium sulphate into the monosolvated ammonium ion, both species 
providing the corresponding quantity of hydrogen sulphate anion; if the stoicheiometric 
concentrations of sulphuric acid, water, and ammonium sulphate are represented by M, 
m,, and mz,, respectively, it can be shown that the ratio is given by equation (7), 


(HSO[HSO-J=m-—-1 ......-. 7 
where m = (M — m,)/(m, + 2m.) Gs wk eee 


Brand ™ has already shown that, in the range 89—99-8% sulphuric acid, H, can be 
calculated from an equation of the type (6), in which the empirical constant is —8-36. 


° 








With this constant, H, values have now been calculated for all media included in the Table, 
the equation being used in its more general form (9). 


H,=-—836—log(m—1) ....... (9 


Values of H, are given in the last column of the Table. The plot of log & against —H, 
for these results is shown in the Figure. The slope of the straight line obtained is almost 
exactly unity as required by theory. The assumption that sulphuric acid molecules 
involved in solvation in solutions of high acidity are effectively removed from participation 
in equilibrium (1) and hence make no contribution to the acidity function, Hy, has some 
similarity to the contention # that in more aqueous sulphuric acid—water mixtures the 
water molecules involved in hydration of hydrogen ions do not contribute to the activity 
of the water present in these media. 

Until further results are available, it cannot be assumed that the evaluation of Hy for 
the sulphuric acid~ammonium sulphate—water system by means of equation (9) can be 
extended to media more aqueous than those here examined. Its importance, however, 

10 Hughes and Ingold, J., 1938, 244; Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” 
Bell & Sons, Ltd., London, 1953, p. 345. 


11 Brand, J., 1950, 1002. 
12 Bascombe and Bell, Discuss. Faraday Soc., 1957, 24, 158; Wyatt, ibid., p. 162. 
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is that within the range of compositions studied it covers a scale of acidity in H, units 
equal to that extending from 85% to 98% sulphuric acid. 

Considerable difficulty might arise in attempting to measure H, by the usual method ad 
of determination of the extent of ionisation of an indicator B to its conjugate acid BH*, 
because of the shift of spectrum which would be likely to occur with increasing concen- 
tration of ammonium sulphate. 

In the above evaluation of the Hy acidity scale, it is assumed that any substrate is 
present in such low concentrations that it has a negligible effect on the concentration of 
either sulphuric acid or hydrogen sulphate ion. Any appreciable change in these concen- 
trations due to the added substrate would necessitate appropriate correction of the H, 
values indicated. 


Experimental.—Materials and media. Sulphuric acid solutions were prepared and 
standardised as reported previously. 4-p-Toluidinopent-3-en-2-one was crystallised from 
light petroleum (b. p. 40—60°) and had m. p. 68°. 

Kinetic measurements. The ammonium sulphate (‘‘ AnalaR ’’) was weighed into a tared 
50 ml. volumetric flask, the sulphuric acid medium added, and after dissolution of the salt, the 
solution was made up to the mark at 25°. The flask was reweighed and then drained into a 
100 ml. reaction vessel having a B24 neck. The residue (0-5 ml.) which remained in the 50 ml. 
flask was neglected. -Toluidinopent-3-en-3-one (0-47 g.) was weighed into a B24 cap which 
fitted to the reaction vessel. Zero time was taken from the moment when vigorous shaking 
was started to effect dissolution of the anil in the medium. Solution was complete in ca. 1—2 
min.; 2 ml. samples were withdrawn at appropriate intervals of time and run into 20 ml. of 
water. The acetylacetone liberated from the residual anil was determined as previously 
described.§ 
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702. The Mechanism of Epoxide Reactions. Part II. The Reactions 
of 1,2-Epoxyethylbenzene, 1,2-Epoxy-3-phenylpropane, and 1,2-Epoxy- 
3-phenoxypropane with Benzylamine. 


By N. S. Isaacs and R. E. PARKER. 


Arrhenius parameters have been determined for the reactions in 99-8% 
ethanol of 1,2-epoxyethylbenzene, 1,2-epoxy-3-phenylpropane, and 1,2- 
epoxy-3-phenoxypropane with benzylamine and with the products of the 
first reactions. Product analyses have been carried out by infrared spec- 
troscopy whence it is inferred that the first reactions of 1,2-epoxy-3-phenyl- 
propane and 1,2-epoxy-3-phenoxypropane give entirely ‘“‘ normal ’’ products. 
The first reaction of 1,2-epoxyethylbenzene, however, gives both “‘ normal ” 
and “‘ abnormal” products, and rate constants and Arrhenius parameters 
have been calculated for both these reactions. The mechanism of the 
reactions is discussed and the effect of substituents is analysed in terms of 
the Taft linear free-energy relation. 


THE reactions of piperidine in 99-89% ethanol with 1,2-epoxyethylbenzene, 1,2-epoxy-3- 
phenylpropane, and 1,2-epoxy-3-phenoxypropane, reported in Part I, all give entirely or 
almost entirely ‘‘ normal” products (7.e., products corresponding to attack of piperidine 
at the less substituted carbon atom). The only one of these reactions to give a detectable 
amount of ‘“‘ abnormal ” isomer (i.2., the isomer corresponding to attack of piperidine at 
the more substituted carbon atom) is that between piperidine and 1,2-epoxyethylbenzene, 
and even this gives only 4% of abnormal isomer at 60°. A consideration of the relative 


1 Part I, Chapman, Isaacs, and Parker, J., 1959, 1925. 
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amounts of normal and abnormal products obtained in the ring-opening reactions of mono- 
substituted ethylene oxides? has led us to the conclusion that one of the main factors 
determining orientation in these reactions is steric hindrance (primary steric effect) 
R*CH-CHg*NH*CH,Ph <&—— R*CH——CH, —— R*CH-CH,"OH 
(i) 
OH 0 NH*CH,Ph 
(1) (II) 


between the reagent and the substituent group of the ethylene oxide. This factor inhibits 
attack at the abnormal (adjacent) position. Since one of the main objects of our work is 
to study the kinetics of both normal and abnormal ring-opening, it was necessary to find a 
reaction which gives appreciable amounts of both products. One obvious way to do this 
was to use a reagent less bulky than piperidine. For this reason we chose the primary 
amine, benzylamine, and the present paper records a kinetic study of its reactions with the 
three epoxides mentioned above. 

The choice of benzylamine instead of piperidine introduces additional analytical 
difficulties. In the reactions with piperidine the products are tertiary amines and the 
reactions were followed by potentiometric titration with perchloric acid in glacial acetic 
acid, after acetylation of the unchanged piperidine. In the reactions with benzylamine 
the first products are the secondary amines (I) (normal) and (II) (abnormal). Each of 
these products can, however, react with further epoxide at either the normal or the 
abnormal position. Four further reactions are therefore possible, giving rise to three 
tertiary amines (III—V). 

For the reactions of benzylamine with 1,2-epoxy-3-phenylpropane and with 1,2-epoxy- 
3-phenoxypropane, the first reaction (i) gives entirely normal product (I) (see below). 
Since no abnormal isomer (II) is formed, reaction (iii) does not arise. Further, since 
benzylamine itself gives no abnormal product, it is extremely unlikely that the much 
bulkier secondary amine (I) will give any abnormal product (IV) in reaction (ii). We 
therefore assume that, in these cases, the only further reaction is that involving attack at 
the normal position of the epoxide by the initial product (I), giving the final product (III). 
This tertiary amine was estimated in the same way as the tertiary amines in Part I.! 
In addition, benzylamine was estimated in a separate aliquot part by converting it into 
its anil with salicylaldehyde and determining this spectrophotometrically. Thus the 
amounts of primary and of tertiary amine are known and that of secondary amine is the 
difference between the sum of these and that of the total initial amine. Under these 
conditions the rate constants for the first and the second reaction can each be calculated 
(see p. 3500). 


ee R‘CH*CHy*N——CH,'CHR 
R*CH——CH, ++ R*CH*CH,"NH°CH,Ph bs ] | | aD 
| OH CH,Ph H 


o OH 
pe R*CH*CHy»N———CHR 
| 1 (IV) 
—e OH = CH,Ph CH,°OH 
R*CH——CH, + R°CH*CH,OH 
_ R*CH———N———CHR t+ a 
° NH:CH,Ph | | (V) 
mM = CHOH CH,Ph CH,OH J 





In the reactions of benzylamine with 1,2-epoxyethylbenzene some abnormal product 
(II) is formed in the first reaction and the above considerations do not, therefore, apply. 
However, insofar as the first reaction gives mainly normal product (83% at 20° and 73% 
at 60°), the above treatment will still be approximately correct and the rate constants 
have been calculated on this basis. It follows that, while the rate constant calculated for 
the first reaction of 1,2-epoxyethylbenzene will be correct, the rate constant for the second 
reaction of this epoxide will be only approximate. To check the accuracy of the latter 

2 Parker and Isaacs, Chem. Rev., 1959, 59, 737. 
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it was also determined from the direct reaction of 1,2-epoxyethylbenzene with 
2-benzylamino-1-phenylethanol (I; R= Ph). The results obtained were as tabulated. 


Second rate constant, benzylamine and 1,2-epoxyethylbenzene, 59-00° 1-47 x 10-41. mole“ sec.~1 
Rate constant, 2-benzylamino-l-phenylethanol and 1,2-epoxyethyl- 
benzene, 59-00° 1-51 x 10-* 1. mole sec.-1 


Agreement is better than could have been expected and must, to some extent, be 
fortuitous. Nevertheless, it serves to indicate that there can be no gross error in the 
calculated values of the second rate constant for the benzylamine reaction. 

The product analyses for the first reactions were carried out essentially as in Part I. 
Reactions, in ethanol, of epoxide with a considerable excess of benzylamine (in order to 
minimise the second reaction) were allowed to go to completion and the resulting mixtures 
were distilled in such a way as to give the total secondary amine mixture, free from any 
other compounds. The infrared spectrum of this mixture was then compared with the 
spectra of the normal and the abnormal products. The normal products were prepared 
by reaction of the epoxide with benzylamine and crystallisation of the product to constant 
melting point. The abnormal products corresponding to 1,2-epoxyethylbenzene and 
1,2-epoxy-3-phenylpropane were synthesised unambiguously. The abnormal product 
corresponding to 1,2-epoxy-3-phenoxypropane was not synthesised, but for this epoxide, 
as for 1,2-epoxy-3-phenylpropane, the spectrum of the reaction product was identical with 
that of the normal isomer. 


EXPERIMENTAL 


Materials.—1,2-Epoxyethylbenzene, 1,2-epoxy-3-phenylpropane, and 1,2-epoxy-3-phenoxy- 
propane were obtained as in Part I.* 

Benzylamine (from May and Baker, Ltd.) was dried over two portions of sodium hydroxide 
and then over two portions of sodium. It was fractionated twice through a 40-theoretical- 
plate column, the middle fraction being collected each time; this had b. p. 185°/768 mm., 
n,* 1-5392. 

5 Ethanol was dried and adjusted to 99-80% w/w as in Part I.! 

Rate Measurements.—The reactions were carried out in the same way as those in Part I,! 
except that rather higher initial concentrations of epoxide and amine were used (0-15 instead 
of 0-10M). At appropriate intervals pairs of aliquot portions were withdrawn. One portion 
(5 ml.) of each pair was added to acetic acid and acetic anhydride for determination of tertiary 
amine asin Part I.1_ The other (1 ml.) was added to 10 ml. of a 1% solution of salicylaldehyde 
in absolute ethanol; after 30 min. absolute ethanol was added to bring the volume to exactly 
100 ml. and the optical density of the solution was measured at 404 my, a Unicam S.P. 600 visible 
spectrophotometer being used. The extinction coefficient of the pure anil from benzylamine 
and salicylaldehyde was found to be 472 at this wavelength in ethanol and measurement at 
different concentrations showed that Beer’s law is obeyed. 

Synthesis of Products —The normal isomers were prepared by reaction of benzylamine with 
the appropriate oxide in ethanol and crystallisation to constant m. p. In this way were 
prepared: 2-benzylamino-1-phenylethanol, m. p. 103° (from ethanol) (lit.,3 102—103°); 1-benzyl- 
amino-3-phenylpropan-2-ol, m. p. 68° (from aqueous ethanol) (Found: C, 79-4; H, 7-9; N, 5-6. 
C,gH,,NO requires C, 79-5; H, 7-9; N, 5:8%); and 1-benzylamino-3-phenoxypropan-2-ol, m. p. 
74-5° (from ethanol) (Found: C, 74-4; H, 7-5. C,gH, NO, requires C, 74-7; H, 7-4%). 

8-Benzylaminophenethyl alcohol. Ethyl «-benzylamino-«-phenylacetate was prepared by 
the action of benzylamine on ethyl «-bromophenylacetate in ether. This ester (23 g., 0-85 mole) 
was run into a slurry of lithium aluminium hydride (5-0 g., 0-13 mole) in ether (350 ml.) boiling 
under reflux, and boiled for a further 2 hr. Water was added. After filtration, the ethereal 
layer was separated and dried (Na,SO,), and $-benzylaminophenethyl alcohol obtained upon 
removal of the ether. Recrystallised from light petroleum, it had m. p. 69° (lit.,3 68—69°). 

2-Benzylamino-3-phenylpropan-1-ol. «-Bromo-f-phenylpropionic acid‘ (36 g., 0-16 mole) 
was dissolved in a solution of benzylamine (60 g., 0-56 mole) in water (100 ml.). The mixture 


8 Browne and Lutz, J. Org. Chem., 1952, 17, 1187. 
4 Fischer, Ber., 1904, 37, 3062; Fischer and Carl, Ber., 1906, 39, 3996. 
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was left for 1 hr., then 2-benzylamino-3-phenylpropionic acid was filtered off as a white powder, 
m. p. 230—233° [lit.,5 225° for the (+)-compound] (22-5 g., 55%), insoluble in all solvents. 

This acid (10 g., 0-04 mole) was boiled under reflux with ethanol (>99-9% w/w) (50 m1), 
while a stream of hydrogen chloride was passed in. After 3 hr., the ethanol was removed at 
100°/15 mm. and the residual ethyl ester, a vitreous solid completely soluble in ethanol (8-5 g., 
75%), was dissolved in dry ether and run into a slurry of lithium aluminium hydride (1-0 g., 
0-025 mole) in ether (100 ml.). The solution was boiled under reflux for 4 hr. and water (50 ml.) 
then added. Working up in the usual way gave 2-benzylamino-3-phenylpropan-1-ol, m. p. 67° 
(from light petroleum) (Found: C, 79-4; H, 7-9; N, 5-6. C,H ,NO requires C, 79-5; H, 7-9; 
N, 5-8%). 

Product Analysis.—Infrared analysis. For the reactions of benzylamine with 1,2-epoxy- 
ethylbenzene and 1,2-epoxy-3-phenylpropane infrared spectra were determined for (a) the 
actual reaction product (obtained by allowing the reaction in ethanol to go to completion and 
distilling the product in vacuo in such a way as to obtain the total secondary amine fraction free 
from other compounds), (b) the normal product, and (c) the abnormal product. For the reaction 
of benzylamine with 1,2-epoxy-3-phenoxypropane spectra were determined for the actual 
reaction product and for the normal product. All the measurements were made on chloroform 
solutions with a Unicam S.P. 100 double-beam, infrared spectrophotometer. 


RESULTS 
The first reaction between benzylamine (A) and each epoxide (E) to give secondary amine 
product (B) may be denoted: 


A + E . Ds ate « + =e 
é= 0: a e 0 
t=#t: (a—-x) (e—*—y) (¥ — y) 


where a and ¢ are the initial concentrations of amine and epoxide, respectively, x is the con- 
centration of B had no second reaction occurred, y is the concentration of the product (C) of the 
second reaction, and f, is the rate constant for the first reaction: The second reaction, between 
secondary amine (B) and epoxide (E), is similarly denoted: 


B + EC Sa ok: a a De 
t=0: 0 e 0 
t=—t: (x — y) (e—*-—y) y 


where , is the rate constant for the second reaction. Reactions 1 and 2 give the second-order 
rate equations 3 and 4, respectively, and these can be re-written in the forms 5 and 6. 








dx/dt = k,(a — x)(e — x — y) Ea Te 
dy/dt=h(*—y)(e—*—y). . . . . ... (@ 
dx 1 
= at (@—ae—*—») a 
d 
b= 2 : (6) 


~ dt (@@— ye —*—») 


Values of dx/dt were obtained by plotting %, the total concentration of secondary and tertiary 
amine (i.e., total amine minus measured primary amine), against ¢ and measuring the slopes of 
the curve at appropriate values of ¢. Values of dy/dt were similarly obtained from a plot 
of y, the measured tertiary amine concentration, against ¢. 

For the reactions with 1,2-epoxy-3-phenylpropane and 1,2-epoxy-3-phenoxypropane the 
values of k, so obtained can be equated to ,y, the rate constant for attack at the 
normal position, since the spectra of the products of these reactions were identical with the 
spectra of the normal isomers. For the reaction with 1,2-epoxyethylbenzene, however, this 
is no longer true. In this case it was found, from an examination of the spectra of the normal 
and abnormal isomers and of synthetic mixtures of the two isomers, that the ratio of the peak 


5 Fischer and Mechel, Ber., 1916, 49, 1355. 
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height at 1120 cm.* to that at 1037 cm. varied linearly from 1-32 for pure normal isomer to 
0:65 for pure abnormal isomer. It was therefore possible to calculate the fraction of normal 
isomer (x) and of abnormal isomer (f) in the reaction product at each temperature and to use 
these values to determine the rate constant for normal attack kyy and the rate constant for 
abnormal attack k,,4, according to equations 7: 


ky = kw + Rya; «/B = Rin /Rya . as . . . . (7) 


The results are summarised in Table 1, and values of ky, 4, and hg, all interpolated to 35°, 
together with the Arrhenius parameters are collected in Table 2. 


TABLE 1. Isomer proportions and measured rate constants, 10*k (1. mole sec.*). 


Temp. a B kw Rua ky 
1,2-Epoxyethylbenzene ......... 20-00° 0-83 0-17 0-115 0-024 0-0688 
40-50 0-78 0-22 0-499 0-141 0-366 
59-68 0-73 0-27 1-85 0-68 1-47 
1,2-Epoxy-3-phenylpropane ... 20-30 1-00 0-00 0-503 _— 0-094 
39-32 1-00 0-00 1-68 _ 0-439 
58-92 1-00 0-00 4-66 —_ 1-80 
1,2-Epoxy-3-phenoxypropane... 20-00 1-00 0-00 1-01 _ 0-502 
39-24 1-00 0-00 4-01 — 1-94 
58-80 1-00 0-00 13-8 — 7:25 


TABLE 2. Rate constants interpolated to 35°, and Arrhenius parameters. (k and A in . 
1, mole sec.; E in kcal. mole.) 





Normal reaction Abnormal reaction Second reaction 
 - a — A— Ce A "7 
10x E  logyA 10%, E logyA 10%, E log, A 
1,2-Epoxyethylbenzene ......... 0-355 13:46 509 0-094 1426 509 0-245 15:07 6-09 
1,2-Epoxy-3-phenylpropane ... 152 11:15 3-97 _ _— _ 0-325 14-76 5-96 
1,2-Epoxy-3-phenoxypropane 3-09 12-97 5-67 _ — —_ 157 13:35 5-64 
DISCUSSION 


Normal Reactions.—The values of kyy at 35° (Table 2) for the reactions of the three 
epoxides with benzylamine show the same qualitative effect of substituents as in the 
reactions with secondary amines.!_ Thus, a phenyl substituent (in 1,2-epoxyethylbenzene) 
gives the lowest rate and a phenoxymethy]l substituent (in 1,2-epoxy-3-phenoxypropane) 
the highest rate. The effects are, however, quantitatively different and an analysis in 
terms of the modified 4 Taft equation: 


log k — log ky = po* + 9'E, 


gives the values of p, p’ and ky shown in Table 3. The Table also contains the correspond- 
ing values for the reactions with piperidine, morpholine, and diethanolamine! Although 
these values are far from certain (because of the small number of epoxides studied and 
frequent deviations from linear free-energy relations), the reactions with benzylamine are 
very probably less susceptible to the polar effect of substituent groups (smaller p) and more 
susceptible to the steric effect of substituent groups (larger ep’) than the corresponding 
reactions with secondary amines. The direction of change is unexpected in both cases. 
Benzylamine is intermediate in basic strength between piperidine and morpholine and, 
as Table 4 shows, it is a weaker nucleophile towards epoxides than either of these secondary 
amines. It should, therefore, show a greater susceptibility to the polar effect of 
substituents in its reactions since weaker reagents are generally more selective. Further, 
a primary amine, with only one bulky group attached to nitrogen, might be expected to 
be less susceptible to the steric effect of substituents in its reactions than a secondary 
amine with two bulky groups attached to nitrogen. Even though piperidine and morpholine 
might be considered special types of secondary amine, with their bulky groups held back 
by ring-formation, diethanolamine would certainly be expected to be more susceptible to 
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steric effects than benzylamine. In fact, however, the steric reaction constant, p’, for 
benzylamine is greater than for diethanolamine. 





TABLE 3. Reactions of epoxides in 99-8°/, ethanol at 35°. (ky is the rate constant for 
the reaction of the parent 1,2-epoxypropane.) 


10k, 10k, 
Reagent p p’___ (1. mole™ sec.~) Reagent p p’ (1. mole“! sec.~1) 
Piperidine ......... 0-8 0-2 3 Diethanolamine 0-9 0-2 0-3 
Morpholine ...... 0-9 0-2 1 Benzylamine ... 0-5 0-4 2 


TABLE 4. Rate constants (k,x) interpolated to 35°, and Arrhenius parameters. 
(ky and A in 1. mole sec.+; E in kcal. mole.) 





1,2-Epoxyethyl- 1,2-Epoxy-3- 1,2-Epoxy-3- 
benzene phenylpropane phenoxypropane 
oe ae =~,  ---" Ss eee ER ” an aac ate 
10*2yx E log A = 10*ky,y E log A = 10x E log A 
Piperidine' ......... 3-43 14-42 6-76 4-63 13-81 6-45 14-62 13-87 7-09 
Morpholine! ......... 1-47 14-40 6-38 1-54 12-97 5-39 5-56 13-30 6-17 
Diethanolamine! ... 0-271 15-59 6-53 0-436 13-60 5:27 1:70 14-00 6-15 
Benzylamine ......... 0-355 13-46 5-09 1-52 11-15 3-97 3-09 12-97 5-67 


The clue to these anomalies appears in the values of the Arrhenius parameters in 
Table 4. The benzylamine reactions have lower energies and entropies of activation than 
those of the secondary amines. The slowness of the benzylamine reactions is due, in fact, 
not to a high energy of activation, but to a low entropy of activation; this can be 
interpreted as indicating more strictly defined transition states. Such strictness could be 
due either to more closely packed transition states for the benzylamine reactions (more 
bond-forming and less bond-stretching) or to greater increased solvation in the formation 
of the benzylamine transition states than in the formation of the secondary amine 
transition states. While it is true that the transition state from a primary amine (similar 
to the conjugate acid of a secondary amine) will be more highly solvated than that from a 
secondary amine (similar to the conjugate acid of a tertiary amine °), this effect alone 
does not seem capable of explaining either the low value of p for the benzylamine reactions 
or the high proportion of abnormal product in the reaction of benzylamine with 1,2-epoxy- 
ethylbenzene. We assume, therefore, that the benzylamine transition states are more 
closely packed (i.e., with both partial bonds shorter) than the secondary amine transition 
states. Thus the geometry of benzylamine is such that its nitrogen atom, with only one 
CH, group directly attached, can approach quite close to the normal carbon atom of the 
epoxide, to give a transition state relatively free from steric compression. In each of 
the secondary amines, on the other hand, the nitrogen atom has two CH, groups directly 
attached to it and is incapable of such a close approach to the epoxide carbon atom (because 
of steric interaction between the two CH, groups and the epoxide substituent group R). 
The situation is illustrated in Figs. 1 and 2. In the transition states for the benzylamine 
reactions, depicted in Fig. 1, the steric interaction between the benzyl-CH, group and the 
substituent group R can be eliminated by suitable rotation of the benzylamino-group 
around the carbon-nitrogen partial bond. Such a condition, however, imposes a restric- 
tion on the movement of the benzylamino-group and would lead to a reduced entropy of 
activation. In the transition states for the piperidine reactions, depicted in Fig. 2, the 
steric interaction between the two piperidino-CH, groups adjacent to the nitrogen atom 
and the substituent group R is not likely to be significantly affected by rotation of the 
piperidino-group around the carbon-nitrogen partial bond and in this case, therefore, there 
will be no restriction on the movement of the piperidino-group and the entropy of activ- 
ation should be higher than for the benzylamine reactions. The energy of activation 
should also be higher because of the unavoidable steric interactions. (Although these 


* Bell and Trotman-Dickenson, J., 1949, 1288; Trotman-Dickenson, J., 1949, 1293; Bell and 
Bayles, J., 1952, 1518; Pearson and Williams, J. Amer. Chem. Soc., 1954, 76, 258. 
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interactions are reduced by the lengthening of the carbon-nitrogen partial bond, there 
must be a limit to this lengthening, beyond which there would be a net increase of energy.) 
While it seems to us that the above explanation of the lower energies and entropies of 
activation and of the lower value of p for the benzylamine reactions is the most satisfactory 
one, there will undoubtedly be superimposed on this a differential solvation effect. The 
NH, group of the benzylamine transition states can involve hydrogen bonds to the oxygen 
Fic. 2. Transition states 
for piperidine reactions: 
relatively great freedom of 
movement of piperidino- 


Fic. 1. Tvransition states 
for benzylamine  reac- 
tions: relatively little 


Fic. 3. Transition state for 
1,2-epoxyethylbenzene— 





freedom o nt of group. ‘benzylamine reaction. 
benzylamino-group. s- s- 
S- fe) ° 
a A Ph —cHi-CH 
¢ : 2 R : 2 NH, rs + 
Nd, 8+ : H,C 
H,C 


0 ‘y oO 


atoms of two ethanol molecules, whereas the NH group of the secondary amine transition 
states can form a hydrogen bond. to the oxygen atom of only one ethanol molecule. Since 
this increased solvation is likely to be considerably more important for the transition 
states than for the free amine molecules ° it will also give rise to lower energies and entropies 
of activation for the benzylamine reactions. 

Abnormal Reaction.—Of the three epoxides studied only 1,2-epoxyethylbenzene gives 
detectable reaction at the abnormal position. This cannot be ascribed entirely to steric 
effects, since phenyl has the greatest steric retarding effect of the three substituent groups 
studied (greatest negative E, value). Nor can it be due to polar effects, since the value of 
the polar substituent constant o* for phenyl is intermediate between those for benzyl and 
phenoxymethyl. The only remaining effect of substituent groups on reactivity is the 
conjugative effect and this is almost certainly responsible for the appearance of abnormal 
product in the reaction betwen 1,2-epoxyethylbenzene and benzylamine. If we assume 
that this reaction takes place by a ‘“‘ modified Sy2 mechanism,” * with a transition state in 
which both partial bonds are longer than is usual for Sy2 transition states, then it is likely 
that such a transition state will carry a fractional positive charge on the central carbon 
atom (Fig. 3). Clearly such a charge would be stabilised by conjugation with the adjacent 
benzene ring. Such conjugation could not occur with the other two epoxides and these, 
therefore, undergo no abnormal reaction. That 1,2-epoxyethylbenzene undergoes no 
abnormal reaction with piperidine, morpholine or diethanolamine* must be due to the 
fact that, with these more bulky amines, the primary steric effect is more important. Thus 
the conditions necessary for formation of abnormal product in epoxide reactions appear 
to be that (a) the attacking atom of the reagent must be sufficiently unencumbered to keep 
primary steric effects to a minimum, and (6) the “‘ abnormal” carbon atom of the epoxide 
must be directly attached to a group capable of stabilising a positive charge by conjugative 
electron-release (or possibly, in some cases, by hyperconjugative or inductive electron- 
release). 

It “a be seen in Table 2 that the normal and the abnormal reaction of 1,2-epoxyethyl- 
benzene with benzylamine have the same entropy of activation, but that the abnormal 
reaction has a higher energy of activation. The lower rate for the abnormal reaction 
(about 4 times slower at 35°) is, therefore, entirely due to the higher energy of activation 
(0-8 kcal. mole higher). This higher energy of activation is the expected result of attack 
at a carbon atom adjacent to the bulky phenyl group, rather than at a position one carbon 
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atom further away. The identity of the two entropies of activation is almost certainly 
fortuitous. The two reactions would not be expected to be isoentropic, and preliminary 
results for the reactions of nuclear-substituted 1,2-epoxyethylbenzenes with benzylamine 
show that, in these cases, the normal and the abnormal reaction do not have the same 
entropy of activation. 

Second Reactions.—As already pointed out, the values of the rate constants and 
Arrhenius parameters for the second reactions (Table 2) are less accurate than for the 
first reactions. Nevertheless, if it is assumed that the second reactions consist entirely of 
reaction of the normal product of the first reaction at the normal 


Pn position of the epoxide, the results are of the expected magnitude. 
CH, CH, Although the reagents are not the same for the three reactions, they 
R*CH-OH can all be represented by (VI; R= Ph, Ph°CH,, or Ph-OCH,), and 


variations in R will not greatly affect the reactivity of the nitrogen 
atom. To a first approximation, therefore, the three second reactions 
may be regarded as the reactions of the three epoxides with a single 
secondary amine and their rates show the same qualitative sequence as those for the three 
epoxides with the secondary amines, piperidine, morpholine, and diethanolamine (cf. Table 
4). The Arrhenius parameters are also similar to those for the reactions with piperidine, 
morpholine, and diethanolamine. 

It is noteworthy that the rate constants for the second reactions are not very much 
smaller than the total rate constants for the first reactions (2—5 times smaller at 35°). 
This means that, unless a large excess of benzylamine is used, the second reaction will 
become significant at quite an early stage in the progress of the first. There is no reason 
to suppose that the situation will be significantly different for reactions with other primary 
amines and it follows therefore that, when a primary amine is used to cross-link an epoxide 
resin,! each primary amino-group is likely to combine with two epoxide groups under 
the conditions normally used. i 


(VI) 
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703. An Alkaloid of Dioscorea hispida, Dennstedt. Part VI. 
Some Investigations on the Synthesis of Tropan-2-one. 
By W. A. M. Daviss, J. B. Jones, and A. R. PINDER. 


Possible routes for the synthesis of tropan-2-one have been explored. 
2-Isobutyl-N N-dimethylcycloheptylamine has been synthesised, probably as 
a mixture of cis- and tvans-forms. It is not identical with the fully 
hydrogenated Hofmann base from dioscorine. 


In the previous paper! of this series, reasons were given for believing that the ketonic 
base C,H,,NO, obtained by a degradative sequence from the alkaloid dioscorine, was 
tropan-2-one (I). This has now been settled beyond doubt by the synthesis? of (-++)- 
tropan-2-one from (—)-ecgonine, its reduction to tropan-2«-ol,? and the establishment of 
the identity of the latter with the alcohol obtained by reduction of the base C,H,,NO.* 
Apparently a direct comparison between the “‘ natural” and the synthetic base C,H,,NO 
was not made: there are some slight discrepancies in the physical properties of the two 
products. 
1 Part V, Jones and Pinder, J., 1959, 615; see also Chem. and Ind., 1958, 1000. 


® Bell and Archer, J. Amer. Chem. Soc., 1958, 80, 6147. 
* Ayer, Biichi, Reynolds-Warnhoff, and White, J] Amer. Chem. Soc., 1958, 80, 6146. 
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We report here some experiments begun before publication of the above work, directed 
towards the synthesis of tropan-2-one. 

The presence of the tropane framework in the keto-base C,H,,NO was proved by Biichi 
and his co-workers,®* who obtained tropane by desulphurisation of its ethylene thioketal. 
We have also realised this transformation by catalytic hydrogenation of the base in 
strongly acid solution. We placed the carbonyl group of the keto-base at position 2, 
because the base was not identical with synthetic tropan-6-one, and on incomplete infrared 
evidence! We have now prepared the model compounds, 1-methyl-3-oxopyrrolidine and 


CH-CH—CO — CHa-CH—C=CHR CHa CH—CH, Nite 
NMe CHa NMe co NMe GH . 
CH;-CH—CH, CH,-CH—CH, CH,-CH—CH, ° 


(I) (II) (111) (IV) 


1-methyl-3-oxopiperidine, the latter by a new route; comparison of the carbonyl stretching 
frequencies shows that, under the same conditions (CCI, solution), the value (1740 cm.~) 
for the base C,H,,NO is nearer to that for 1-methy]-3-oxopiperidine (1726 cm.) than to 
that for the pyrrolidine analogue (1765 cm. ), confirming the view that the “ natural ” 
base is tropan-2-one. If the value 1730 cm. (in CCl,) given by Biichi e¢ al.5 for the keto- 
base is adopted, the agreement is even closer. 

In an attempt to use tropinone as the starting material in a synthesis of tropan-2-one, 
we first considered 2-benzylidenetropinone (II; R = Ph) as an intermediate, but, in 
confirmation of Willstatter’s earlier work,® attempts to prepare it gave only the 2,4-di- 
benzylidene derivative. Willstatter and Iglauer ® described the preparation of 2-hydroxy- 
methylenetropinone (II; R = OH); we found that this compound condensed with N- 
methylaniline,? but attempts to reduce the carbonyl group in the 2-methylanilino- 
methylenetropinone (II; R = NMePh) produced resulted in loss of the 2-substituent. 

Tropidine was next considered as a starting point, the first objective being 2,3-epoxy- 
tropane (III). The more familiar per-acid epoxidising agents were found to react with 
tropidine to give tropidine N-oxide, whilst in acid solution no reaction was observed. 
Under the latter conditions the ethylenic bond of tropidine is deactivated by protonation 
of the nitrogen atom, so that epoxidation, known to be electrophilic in mechanism,® is 
inhibited. The desired epoxidation was finally achieved by the action of trifluoroperacetic 
acid ® on tropidine trifluoroacetate,!° under conditions which had to be observed carefully, 
owing to the sensitivity of the product to water. The epoxide was purified by distillation 
and characterised as its picrate. In view of Henbest and Nicholls’s observations “ on the 
stereochemistry of the epoxidation of bicyclo[2,2,l)hept-5-en-2«-ol (approach by the 
reagent on the less hindered @-side of the double bond), it seems that the epoxide is 28,36- 
epoxytropane (IV). 

Lithium aluminium hydride reduced the epoxide to tropan-28-ol (V), the configuration 
following since opening of epoxide rings by reaction with HX (X = H, OH, or halogen) 
gives products with axial substituents. In the hydroxyl region, the infrared spectrum of 
the hydroxy-base resembled that of %-tropine 1° and tropan-66-ol,! and differed from that 


* Biichi, Ayer, and White, XVIth Internat. Congr. Pure Appl. Chem., Paris, July, 1957. 

5 Willstatter, Ber., 1897, 30, 731, 2716. 

® Willstatter and Iglauer, Ber., 1900, 38, 361. 

7 Cf. Birch and Robinson, J., 1944, 501; Birch, Jaeger, and Robinson, J., 1945, 582. 

8 Swern, Org. Reactions, 1953, 7, 385. 

* Emmons, J. Amer. Chem. Soc., 1954, '76, 3468, 3470; Emmons, Pagano, and Freeman, ibid., p. 
3472; Emmons and Pagano, ibid., 1955, '77, 89. 

1 Cf. Fodor, Téth, Koczor, Dobé, amd Vincze, Chem. and Ind., 1956, 764; Dobé, Fodor, Janzsé, 
Koczor, Téth, and Vincze, J., 1959, 3461. 

1! Henbest and Nicholls, J., 1959, 221. 

12 “‘ Progress in Stereochemistry,”’ ed. Klyne, Butterworths, London, 1954, Vol. I, p. 74, and refer- 
ences there cited; Parker and Isaacs, Chem. Rev., 1959, 59, 737. 

#8 Zenitz, Martini, Priznar, and Nachod, J. Amer. Chem. Soc., 1952, '74, 5564. 
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of tropine,™ in support of the view that the hydroxyl group in (V) is 6-oriented and results 
in more extensive intramolecular hydrogen bonding. 


NMe NMe NMe NMe 
OH OH 
OH 
OH 
(Vv) (VI) OH (VIT) (VIII) 2) 


Attempts to oxidise tropan-26-ol to tropan-2-one (I) failed, most of the alcohol being 
unattacked. In one experiment a small amount of tropidine, identified as its picrate, was 
formed, by dehydration of the alcohol under the hot, acid conditions. The failure of this 
step was not altogether unexpected, in view of our experience with tropan-68-ol, which 
also offered considerable resistance to oxidation.* 

The dehydration of 1,2-glycols to ketones under acid conditions is well known. 
Many years ago Einhorn and Fischer, using dilute potassium permanganate, converted 
tropidine into tropan-2,3-diol in very poor yield, no attempt being made to assign a 
configuration to it. We were unable to improve the yield in this reaction, but obtained 
the same diol, in high yield, by hydroxylation with osmium tetroxide. The two 
hydroxylating agents used are known to react with double bonds in a cis manner,’ so that 
the product is either tropane-2«,3«-diol (VI) or tropane-26,36-diol (VII). Of these, the 
former, having the 2-hydrogen atom and the 3-hydroxyl group trans to each other, and 
both axial, presents conditions 1” favourable for 1,2-elimination of water, with the form- 
ation of tropan-2-one. For similar reasons, the 28,38-isomer (VII) would be expected to 
yield tropinone (VIII) on dehydration. When the crystalline diol was heated with 
sulphuric acid tropinone (VIII) was formed, indicating that the diol is tropane-28,38-diol 

VII). Infrared measurements on the diol confirm this configuration (see below). 


NMe NMe 
OH 
OH 


OH 
(IX) OH (X) (XI) 


Although it was realised that the two possible trans-diols derivable from tropidine, viz., 
tropane-28,3«-diol ([X) and tropane-2«,38-diol (X), did not present favourable conditions 
for the desired dehydration, we prepared one of these compounds and investigated its be- 
haviour towards acids. Treating tropidine with trifluoroperacetic acid, in the presence of 
a trace of water, gave a crystalline diol; since peracids, reacting with ethylenic bonds, give 
first a cis-epoxide, which on hydrolysis yields a trans-diol,!® with the two hydroxyl groups 
axially oriented,” the diol must be tropane-26,3a-diol (IX). This configuration, and that of 
the cis-diol above, were supported by an infrared comparison (in CCl,). Both bases showed 
two bands in the hydroxy] region, the former at 3628 and 3462, and the latter at 3557 and 
3440 cm.-1, the intensities of all four bands being concentration-independent. The more 
extensive internal hydrogen-bonding in the case of the cis-diol is consistent with the 
assignment of the 26,38-configuration (VII) rather than the 2a,3« (VI). The spectral 
observations of Nachod e al.8 on tropine and %-tropine, and of Kuhn ¥ and Cole and 


14 Inter al., Mousseron, Jacquier, and Christol, Compt. rend., 1953, 286, 927; Naves, Helv. Chim. 
Acta, 1959, 42, 1174. 

148 Einhorn and Fischer, Ber., 1893, 26, 2008. 

1® Crombie, Quart. Reviews, 1952, 6, 124; Raphael, J., 1949, S44. 

17 Ref. 12, p. 64, and references there cited; Dauben and Pitzer, in “ Steric Effects in Organic 
Chemistry,” ed. Newman, Wiley, New York, 1956, p. 48. 

18 Kuhn, J. Amer. Chem. Soc., 1954, 76, 3423. 
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Jefferies 19 on cis- and trans-cyclohexane-1,2-diols, indicate that in both diols the low- 
frequency band is characteristic of hydrogen bonding between the 28-hydroxyl group-and 
the nitrogen atom. The band at 3628 cm.* in the spectrum of the ¢rans-diol is charac- 
teristic of a free hydroxyl group (3«), and that at 3557 cm.* for the cis-diol is ascribed to 
the 38-hydroxyl group, hydrogen bonded to the 28-hydroxyl group.1*1® The two isomers 
are pictured as (XI) and (XII). 

Tropane-28,3-diol (XI) was in the main unaffected by hot 20% sulphuric acid or potass- 
jum hydrogen sulphate. Heating it with acetic-sulphuric acid for several hours trans- 
formed it in good yield into tropane-26,38-diol (XII). This isomerisation, which involves 
the inversion at Cyg) of a less stable (axial) to a more stable (equatorial) hydroxyl group, 
supports the configuration assigned to the trans-diol (XI). A similar inversion at Cy) is 
presumably resisted by the fairly strong hydrogen bonding, in acid solution, between the 
axial oxygen atom in this position and the protonated nitrogen atom. A small amount of 
tropinone was also formed in this reaction, the result of dehydration of the newly formed 
cis-diol (XII), referred to above. 


NMe 

OH CH,—-CH — CH 
H | NMe CCl 
cl H,-CH— CH, 


NMe, : 


(XII) 4A (XIV) (XV) 


An attempt was next made to prepare 38-chlorotropan-28-ol (XIII), which, from the 
known behaviour of cis-halogenohydrins on dehydrohalogenation,” would be expected to 
yield the required tropan-2-one on treatment with base. Replacement of hydroxyl by 
chlorine by the action of thionyl chloride usually involves inversion,” and from the 
behaviour of tropane-3«,68-diol towards this reagent, resulting in replacement of the 
3-hydroxyl group only,” it was conjectured that the trans-diol, tropane-28,3«-diol, would 
yield the required chlorohydrin when treated with thionyl chloride. It was found, how- 
ever, that under mild conditions this diol was not attacked by thionyl chloride, and under 
more vigorous conditions it yielded an oxygen-free product which we believe to be 3-chloro- 
tropidine (XIV), formed by replacement of the 3-hydroxyl group, with inversion, followed 
by elimination of water from the 3a-hydrogen atom and the 28-hydroxyl group (both 
axial). 

In an attempt to prepare a cyclic sulphite from the cis-diol, with a view to its pyrolysis 
to either tropan-2-one or tropinone, the diol was unattacked under the conditions normally 
used for formation of the esters. 

In a previous part of this series, the syntheses of 3- and 4-isobutyl-N N-dimethylcyclo- 
heptylamine were described, neither base proving identical with the saturated base 
C,,;H,,N obtained by hydrogenation of the Hofmann base of dioscorine. The 2-isomer 
(XV) has now been synthesised from cyclohexanone, by reaction with isopentyl-N-nitroso- 
urethane, to give 2-isobutylcycloheptanone, which was converted into the required base 
through its oxime. Infrared comparison in solution between the base C,,H,,;N and the 
synthetic base showed they were not identical, though the curves were very similar. 
Again, the possibility of the synthetic product’s being a cis- or a ¢rans-isomer, or a mixture 
of both, complicates the comparison, and, indeed, the methiodide of the synthetic product 
has an unsharp, low m. p. suggesting the presence of both isomers. The lack of identity 

1 Cole and Jefferies, J., 1956, 4391. 

* Bartlett, J]. Amer. Chem. Soc., 1935, 57, 224; Nickon, ibid., 1955, 77, 4094. 

*1 See, for example, Archer, Lewis, and Zenitz, J. Amer. Chem. Soc., 1957, 79, 3603; 1958, 80, 958; 
Archer, Bell, Lewis, Schulenberg, and Unser, ibid., p. 4677. 

#2 Kovacs and Banfi, quoted by Fodor, Téth, Koczor, and Vincze, Chem. and Ind., 1955, 1260. 


*8 Cf. Price and Berti, J. Amer. Chem. Soc., 1954, 76, 1211. 
* Pinder, J., 1956, 1577. 
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between the reduced Hofmann base and the three synthetic bases must be accounted for 
either by the complication referred to, or, in our view more probably, by the formation, in 
the Hofmann degradation of dioscorine, of a mixture of positional isomers. 


EXPERIMENTAL 


Dioscorinol.—This compound has now been obtained crystalline: it separated from benzene 
in rhombic prisms, m. p. 119—120° (lit.,? m. p. 121°). 

28-A cetonyltropan-2a-0l.—This base, obtained by ozonolysis of dioscorinol,! formed a picrate 
which separated from methanol in bright yellow elongated prisms, m. p. 120°, with some 
previous softening from 104° (lit.,3 m. p. 120—122°) (Found: C, 47-8; H, 5-3; N, 13-4. Cale. 
for C,,H,,N,O,: C, 47-9; H, 5-2; N, 13-1%). 

(+)-Tropan-2-one (I).—The following are improved conditions for the cleavage of the aldol 
base.t 28-Acetonyltropan-2za-ol (1-0 g.) was mixed with 0-1N-aqueous sodium hydroxide (65 c.c.) 
and kept for 24 hr., then cooled in ice, saturated with potassium carbonate, and subjected to 
continuous ether-extraction for 16 hr. Evaporation of the dried (K,CO,) extract gave (+)- 
tropan-2-one (0-55 g.), b. p. 98°/14 mm., 105—106°/17 mm., [oJ,** +15-0° (c 1-43 in H,0), 
(lit.,3 +17°). The keto-base was purified via its crystalline picrate,1 which was suspended in 
ether and cooled in ice during addition of an excess of cold 50% aqueous potassium hydroxide, 
followed by powdered potassium hydroxide. The ethereal solution was decanted and con- 
centrated, and the residual (+)-tropan-2-one distilled; it had b. p. 100°/14-5 mm. 

Catalytic Hydrogenation of (+-)-Tropan-2-one.—Adams platinum oxide (50 mg.) was pre- 
reduced in suspension in 2N-hydrochloric acid (10 c.c.). The keto-base (0-30 g.) in 2N-hydro- 
chloric acid (15 c.c.) was added, followed by concentrated hydrochloric acid (2 c.c.), and the 
mixture shaken in hydrogen at room temperature and pressure for 18 hr. (uptake 2 mols.). The 
solution was freed from catalyst, basified with potassium hydroxide, and extracted with ether 
several times. The dried (K,CO,) extracts were concentrated via a short Vigreux column, and 
the residual oil distilled (b. p. 96°/92 mm.; 0-25 g.). The picrate, prepared in methanol, 
separated from water in yellow needles, m. p. 284—285° (decomp.) (Found: C, 47-55; H, 5:1; 
N, 15-8. Calc. for C,,H,,N,O,: C, 47-5; H, 5-1; N, 15-8%), alone or mixed with an authentic 
specimen of tropane picrate, prepared by reduction of tropidine.** The infrared spectra (in 
Nujol) of the two picrates were identical. 

Ethyl N-Ethoxycarbonylmethyl-y-methylaminocrotonate-—Ethyl a-bromocrotonate * (5-0 g., 
1 mol.) was added dropwise with swirling and ice-cooling to ethyl methylaminoacetate (6-07 g., 
2 mols.) during 15 min. The mixture became viscous and solid material separated. After 
being kept overnight at room temperature the mixture was treated with ether, and the ether 
decanted, dried, and evaporated. The residue was distilled in vacuo through a short Vigreux 
column. After a small fore-run, the ester distilled at 95—96°/0-1 mm. (4-3 g.) (Found: C, 57-5; 
H, 8-35; N, 6-1. C,,H, NO, requires C, 57-6; H, 8-35; N, 6-1%). The product reacted with 
cold aqueous potassium permanganate immediately. 

Ethyl N-Ethoxycarbonylmethyl-y-methylamino-n-butyrate-——The above unsaturated diester 
(1-56 g.) in ethanol (15 c.c.) was shaken with pre-reduced Adams platinum oxide in hydrogen at 
room temperature and pressure. After 1 hr. absorption (1-8 mols.) ceased and the solution was 
filtered and concentrated under reduced pressure, and the residual liquid distilled in vacuo. 
After a fore-run consisting of ethyl methylaminoacetate, the required ester distilled at 
130°/9 mm. (0-2 g.) (Found: C, 56-9; H, 8-9. Calc. for C,,H,,;NO,: C, 57-1; H, 9-2%).  Prill 
and McElvain ”’ give b. p. 134—135°/10 mm. _ The alcoholic distillate contained ethyl butyrate, 
isolated by dilution with a large volume of water and ether-extraction. 

A similar result attended an attempt to effect the hydrogenation in the presence of 5% 
palladised charcoal. 

1-Methyl-3-oxopiperidine.—Dieckmann cyclisation of the above diester, essentially as 
described by Prill and McElvain,?’ followed by acid-hydrolysis and decarboxylation, afforded 
1-methyl-3-oxopiperidine. The base had b. p. 56—58°/11 mm.; vmx, 1726 cm. (C=O) (in 
CCl,). The methiodide, obtained by mixing the base with an excess of methyl iodide, crystallised 


*8 Archer, Cavallito, and Gray, J. Amer. Chem. Soc., 1956, 78, 1227. 
* Ziegler, Spath, Schaaf, Schumann, and Winkelmann, Amnalen, 1942, 561, 109. 
27 Prill and McElvain, J. Amer. Chem. Soc., 1933, 55, 1233. 
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from ethanol in elongated prisms, m. p. 200—202° (decomp.) (Found: C, 33-6; H, 5-6; N, 5-7. 
C,H,,NOI requires C, 33-0; H, 5-5; N, 5-5%), carbonyl band at 1736 cm.* (in Nujol). 

1-Methyl-3-oxopyrrolidine.—8-Methylaminopropionitrile was prepared from methylamine 
and acrylonitrile.** Alcoholysis gave ethyl B-methylaminopropionate.* The ester (17-4 g., 
2 mols.) and ethyl bromoacetate (11-1 g., 1 mol.) were mixed and kept at room temperature 
overnight. Ether was added and the solution decanted from methylamine hydrobromide 
and evaporated. The residual N-f-ethoxycarbonylethyl-N-ethoxycarbonylmethylmethyl- 
amine distilled at 74°/0-15 mm. (lit.,?” b. p. 124—125°/10 mm.) (12-4 g.) (Found: N, 6-5. Calc. 
for C,5H,,NO,: N, 645%). Cyclisation of the diester essentially as described by Prill and 
McElvain *’ gave 1-methy]-3-oxopyrrolidine, b. p. 48—49°/21 mm. (lit.,2” b. p. 46—47°/18 mm.), 
carbonyl band at 1765 cm.™ (in CCl,). The methiodide crystallised from ethanol in elongated 
needles, m. p. 234° (decomp.) (Found, on specimen dried at 100° in vacuo: C, 30-2; H, 4-95. 
C,H,,NOI requires C, 29-9; H, 5-0%), carbonyl band at 1761 cm. (in Nujol). 

2-Methylanilinomethylenetropinone (11; R = NMePh).—The sodium salt of 2-hydroxy- 
methylenetropinone was prepared as described by Willstatter and Iglauer.* The salt (2-0 g.) 
was heated with glacial acetic acid (10 c.c.) and freshly distilled N-methylaniline (1-1 g.) under 
reflux on the water-bath for 10 min. Water was added to the cooled mixture, followed by an 
excess of concentrated aqueous potassium hydroxide. Ether-extraction gave 2-methylanilino- 
methylenetropinone (1-4 g.), which crystallised from acetone in pale yellow rhombic prisms, m. p. 
121—122° (Found: C, 75-0; H, 7-8; N, 11-25. C,H. )N,O requires C, 75-0; H, 7-8; N, 10-9%). 
Attempts to reduce this ketone to 2-methylanilinomethylenetropane or 2-methylanilino- 
methylenetropine under a variety of conditions (lithium aluminium hydride, sodium boro- 
hydride, Wolff—Kishner) were unsuccessful. 

(+)-28,38-Epoxytropane (IV).—Tropidine was obtained by dehydration of tropine with 
acetic-sulphuric acid.** Trifluoroperacetic acid was prepared as follows.® ‘Trifluoracetic 
anhydride (40 g., 0-19 mol.), obtained by the dehydration of trifluoroacetic acid with phosphorus 
pentoxide,*® was added dropwise during 15 min., with stirring and ice-cooling, to 86% hydrogen 
peroxide (5-6 g., 0-14 mol.) dissolved in dry methylene chloride (83 c.c.). The homogeneous 
solution was stirred for a further 15 min. at 0°, then dried over “‘ Drierite””’ for 30 min. and 
filtered through glass wool. 

A solution of tropidine trifluoroacetate was prepared by adding to tropidine (5-0 g., 0-041 
mol.) a solution of trifluoroacetic acid (9-45 g., 0-083 mol.) in dry acetonitrile (33 c.c.). To this 
solution the above per-acid solution was added, during 10 min., and the mixture kept at 0° for 
4days.1° The solvents were then evaporated in-vacuo from a bath at 60°, leaving a yellow oil. 
This was dissolved in dry methylene chloride (30 c.c.) and treated with anhydrous sodium 
sulphate (5 g.), followed by anhydrous potassium carbonate (30 g.) portionwise, with vigorous 
stirring and ice-cooling. The stirring was continued for a further 4 hr., the solution decanted, 
and the residue washed repeatedly by decantation with methylene chloride. Evaporation of 
the combined washings gave a reddish-brown oil (4-86 g.), which when fractionated in vacuo 
gave tropidine (0-3 g., b. p. 53—54°/16 mm.), followed by 28,38-epoxytropane, b. p. 93— 
94°/16 mm. (1-63 g.) (Found: C, 68-7; H, 9-5; N, 10-1. C,H,,;NO requires C, 69-0; H, 9-4; 
N, 10-1%), vmax, (in CCl,) 834 and 1247 cm. (epoxide *°); weak OH band, possibly due to 
the presence of a trace of glycol. A considerable amount of involatile residue, probably mainly 
undecomposed 26,38-epoxytropane trifluoroacetate, remained in the distillation flask. 
Attempts to liberate the epoxy-base from its salt by using triethylamine or “‘ Amberlite ”’ 
IRA-400 (OH) anion-exchange resin were unsuccessful. The picrate crystallised from ethanol 
in sheaves of yellow needles, m. p. 255° (decomp., rapid heating) (lit.,* m. p. 248—254°) (Found: 
C, 45-4; H, 4-1; N, 15-1. C,,H,N,O, requires C, 45-65; H, 4-4; N, 15-2%). 

Attempts to prepare the epoxy-base by treatment of tropidine or tropidine trifluoroacetate 
with trifluoroperacetic acid in the presence of anhydrous sodium carbonate gave tropidine 
N-oxide, the picrate of which separated from methanol in yellow needles, m. p. 255—255-5° 
(decomp.) (Found: C, 45-95; H, 4:0; N, 15-3. C,gH,N,O, requires C, 45-65; H, 4-4; N, 
15-2%). Reduction of the oxide with sulphur dioxide gave tropidine [picrate, m. p. 285° 
(decomp.); lit.,*4 m. p. 285° (decomp,)], and on catalytic reduction (uptake 2H,) gave tropane 

* Cook and Reed, /., 1945, 399. 

* Bourne, Stacey, Tatlow, and Tedder, J., 1949, 2976. 

% Jones and Sandorfy, in ‘‘ Technique of Organic Chemistry,” ed. Weissberger, Interscience Publ., 


Inc., New York, 1956, Vol. 1X, p. 436. 
an Willstatter, Annalen, 1901, $17, 362. 
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[picrate m. p. 285° (decomp.); lit.,25 m. p. 284—285° (Found: C, 47-8; H, 5-2. Calc. for 
CyHyN,O,: C, 47-5; H, 5-1%)]. The action of performic acid on tropidine formate gave 
principally the unchanged base, accompanied by a small amount of tropane-28,3a-diol (see 
below). 

(+)-Tropan-28-ol (V).—26,38-Epoxytropane (2-08 g., 0-015 mol.) in anhydrous ether (30 
c.c.) was added, with swirling, to an ice-cooled solution of lithium aluminium hydride (0-28 g., 
0-0074 mol.) in dry ether (30 c.c.) during 15 min. After 16 hr. at room temperature the mixture 
was decomposed by cautious addition of the minimum quantity of ice-water, in the presence of 
“‘ Celite.” The ethereal solution was decanted, and the inorganic residue extracted several 
times with methylene chloride. The combined solutions were dried (Na,SO,) and the solvents 
evaporated via a short Vigreux column. The residual (+)-tropan-28-ol distilled at 94— 
95°/18 mm. (1-62 g.) (Found: C, 68-0; H, 10-0; N, 9-5. C,H,,NO requires C, 68-05; H, 10-7; 
N, 9-9%), Vmax, (in CCl,) 3610 cm. (OH). The picrate, prepared from ethereal solution, 
crystallised from water in yellow needles, m. p. 263—263-5° (decomp., rapid heating; lit.,3 m. p. 
263—265°) (Found: C, 46-0; H, 4-7; N, 14-9. Calc. for C,gH,,N,O,: C, 45-4; H, 4-9; N, 
15-1%). 

Attempts to oxidise the hydroxy-base to (-+-)-tropan-2-one (I) with chromic acid were 
unsuccessful, most of the starting material being recovered [OH band at 3620 cm. (in CCl,); 
no C=O band]. In one or two experiments a small yield of a crystalline substance was obtained. 
This separated from benzene in needles, m. p. 140° (Found: C, 60-7; H, 8-7; N, 7-1. CygH,,NO, 
requires C, 60-2; H, 8-6; N, 7-0%), vmax. (in CCl,) 1721 (ester C=O) and 3160 cm. (wide, OH). 
On hydrolysis with sodium methoxide in methanol, at room temperature for 2 days, (-+-)-tropane- 
28,3a-diol (see below) was obtained (comparison by mixed m. p. and infrared absorption). It 
is concluded that this product is either 28-acetoxytropan-3a-ol or 3a-acetoxytropan-28-ol. In 
one experiment tropidine [(picrate m. p. and mixed m. p. 285—286° (decomp.)] was detected in 
the product. 

(+)-Tropane-28,3«-diol (IX).—Trifluoroacetic anhydride (6-3 g., 0-03 mol.) was added during 
10 min. to a cooled (0°) solution of 86% hydrogen peroxide (1-0 g., 0-73 c.c., 0-025 mol.) in dry 
methylene chloride (40 c.c.), and the mixture was stirred at 0° for a further 15 min. This 
solution of the per-acid was added during 10 min. to a stirred solution of tropidine trifluoro- 
acetate from tropidine (2-5 g., 0-02 mol.) and trifluoroacetic acid (2-3 g., 0-02 mol.) in acetonitrile 
(20 c.c.). An exothermic reaction ensued; after being refluxed for 30 min. the mixture was set 
aside overnight. Removal of the solvents im vacuo gave a syrup, which was dissolved in water 
(50 c.c.). The solution was saturated with potassium carbonate and subjected to continuous 
ether-extraction for 24 hr. Evaporation of the dried (Na,SO,) ethereal solution afforded a 
semicrystalline mass of (-+-)-tropane-26,3a-diol, which crystallised from benzene in rhombic 
prisms, m. p. 101° (1-3 g.) (Found: C, 60-4; H, 9-4; N, 8-9. C,H,;NO, requires C, 61-1; H, 
9-6; N, 8-9%), hydroxyl bands (in CHCl,) at 3462 and 3628 cm.!. The methiodide separated 
from ethanol in rhombic prisms, m. p. >320° (Found: C, 36-4; H, 5-7; N, 4-6. C,H,,NO,I 
requires C, 36-1; H, 6-1; N, 47%). The picrate crystallised from benzene—methanol in yellow 
needles, m. p. 208—210° (decomp.) (Found: C, 43-7; H, 4:8; N, 14:7. (C,,H,,N,O, requires 
C, 43-5; H, 4-7; N, 145%). 

Attempts to dehydrate the diol with 20% sulphuric acid or potassium hydrogen sulphate 
resulted in the main in recovery of the starting material. The diol (1-93 g.) was mixed with 
glacial acetic acid (0-7 c.c.) and concentrated sulphuric acid (1-5 c.c.) with cooling, and the 
mixture heated at 165° for 5 hr. Cooling, followed by dilution with water, basification with 
potassium carbonate, and continuous ether-extraction, gave a pale yellow oil (1-52 g.) which 
crystallised on trituration with light petroleum (b. p. 60—80°). It separated from the same 
solvent in prisms, m. p. 103-5—105° (Found: C, 61-2; H, 9-3; N, 9-0. Calc. for C,H,;NO,: 
C, 61-1; H, 9-6; N, 8-9%), alone or mixed with (-+-)-tropane-28,38-diol prepared by oxidation of 
tropidine with potassium permanganate or osmium tetroxide (see below). A small yield of 
tropinone was also obtained (picrate, m. p. and mixed m. p. 219°) (see below). 

3-Chlorotropidine (XIV).—Thionyl chloride (2 c.c.) was added dropwise, with ice-cooling 
and stirring, to the foregoing ¢rans-diol (0-61 g.), with stirring for a further 30 min. at room 
temperature. After being heated under reflux on the water-bath for 18 hr., the mixture was 
freed from volatile material under reduced pressure. The residual gum was dissolved in water, 
and the solution filtered, saturated with potassium carbonate, and extracted six times with 
ether—methylene chloride (1:1). The combined, dried (K,CO,) extracts were evaporated, 
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leaving 3-chlorotropidine, b. p. 52—54°/0-1 mm. (0-33 g.) (Found: C, 60-6; H, 8-0; N, 8-9; 
Cl, 21-4. CgH,,NCl requires C, 60-9; H, 7-7; N, 8-9; Cl, 22-5%), vmax, (liquid film) 1639s cm. 
(C=C), no carbonyl band. Under milder conditions (thionyl chloride in chloroform at 20°) the 
diol was recovered. 

(+)-Tropane-28,38-diol (VII).—(a) * To a solution of tropidine (5 g.) in water (50 c.c.), at 0°, 
was added a solution of potassium permanganate (4:35 g.) and magnesium sulphate hepta- 
hydrate (8-7 g.) in water (435 c.c.) during 5 hr., with continuous stirring, at 0°. After a further 
hour’s stirring, the solution was cooled during the addition of solid potassium hydroxide 
(ca. 500 g.), and then subjected to continuous ether-extraction for 30 hr. The dried (Drierite) 
extract was concentrated and unchanged tropidine removed by heating the residual oil for 
30 min. at 100°/18 mm. The remaining oil was extracted several times with boiling light 
petroleum (b. p. 60—80°), leaving an appreciable amount of insoluble gum. On partial evapor- 
ation and cooling, the petroleum extract afforded (-)-tropane-28,38-diol (0-40 g.), which 
crystallised from light petroleum (b. p. 60—80°) in regular prisms, m. p. 104-5—105° after 
careful drying (lit.,4° m. p. 105°), hydroxyl bands (in CCl,) at 3440 and 3557 cm.1. The picrate 
separated from methanol in yellow rhombs, m. p. 239-5—240-5° (decomp., rapid heating) 
(Found: C, 43-1; H, 4-7; N, 14:5. C,sH,gN,O, requires C, 43-5; H, 4-7; N, 145%). The 
yield of the diol was not improved by addition of a catalytic amount of osmium tetroxide. 

(b) To a solution of osmium tetroxide (1-0 g.) in dry ether (20 c.c.) was added gradually, 
during 15 min., with ice-cooling and shaking, a solution of tropidine (0-47 g.) in dry ether 
(10 c.c.). After 2 days at room temperature the dark brown osmic ester which had separated 
was collected, dissolved in water (50 c.c.), and mixed with a solution of sodium sulphite (6-0 g.) 
in the minimum amount of water. The solution was refluxed for 30 min., cooled, saturated . 
with potassium carbonate, and subjected to continuous ether-extraction for 48 hr. Evaporation 
of the dried extract gave (+)-tropane-26,38-diol (0-5 g.), which separated from light petroleum 
(b. p. 60—80°) in irregular prisms, m. p. 104-5—105°, alone or mixed with the product obtained 
as in (a). 

Dehydration of (+)-Tropane-28,38-diol.—The foregoing diol (0-36 g.) was mixed with con- 
centrated sulphuric acid (3 c.c.), with ice-cooling, and then heated at 120° (internal temperature) 
for 6 hr. The mixture was cooled, diluted with water (20 c.c.), basified with potassium 
carbonate and potassium hydroxide, and extracted continuously with ether for 14 hr. Evapor- 
ation of the dried (K,CO,) extract gave a semicrystalline syrup (0-18 g.) which distilled at 104° 
(bath)/18 mm. The distillate solidified on ice-cooling; its infrared absorption curve was 
indistinguishable from that of tropinone. The picrate crystallised from water in yellow needles, 
m. p. 219° (decomp.), alone or mixed with tropinone picrate [lit.,? m. p. 220° (decomp.)]. 

Isopentyl-N-nitrosourethane.—Isovaleronitrile was obtained by refluxing isobutyl bromide, 
potassium cyanide, and 60% ethanol, essentially as described by Rosenmund ¢é al.** The 
yield was much improved by concentration of the ethereal extract via a metre Vigreux column. 
The nitrile (20 g.; b. p. 128°) was mixed with ethanol (350 c.c.) and refluxed gently during 
addition of sodium (33 g.) in small pieces during 45 min. The cooled solution was rendered acid 
with 5N-hydrochloric acid (370 c.c.), and the ethanol removed under reduced pressure. The 
residual aqueous solution was cooled, basified with potassium hydroxide, and extracted with 
ether. The dried (K,CO,) extract was evaporated via a Vigreux column, and the residual 
isopentylamine distilled (b. p. 96—97°; 14 g.; lit.,*4 b. p. 95—97°). Isopentylurethane was 
prepared by condensation of the amine and ethyl chloroformate,** in quantitative yield; it 
distilled at 106—107°/14 mm. (lit.,34 b. p. 101—102°/14 mm.) (Found: C, 60-3; H, 10-8. Calc. 
for C,H,,NO,: C, 60-4; H, 10:7%). The urethane (40 g.), ether (100 c.c.), sodium nitrite 
(100 g.), ice (30 g.), and water (140 c.c.) were mixed, cooled in ice, and shaken during the gradual 
addition (1 hr.) at below 15° of a mixture of concentrated nitric acid (66 c.c.) and water (100 c.c.). 
The ether layer was separated, washed with potassium carbonate solution until neutral, and 
dried (K,CO,). The ether was evaporated under reduced pressure from a bath at 40°, leaving 
isopentyl-N-nitrosourethane as a pink oil (46 g.), which was used without purification. 

2-Isobutylcycloheptanone.—Cyclohexanone (25-5 g.), dry methanol (30 c.c.), and powdered 
anhydrous sodium carbonate (0-6 g.) were stirred mechanically during the gradual addition 


%2 Willstatter, Ber., 1896, 29, 396. 

33 Rosenmund, Luxat, and Tiedemann, Ber., 1923, 56, 1956. 

* Jaeger, Z. anorg. Chem., 1917, 101, 93. 

* Schmidt, Ber., 1903, 36, 2476; Z. phys. Chem., 1907, 58, 516. 
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of isopentyl-N-nitrosourethane (46 g.) during 1} hr. Ice-cooling was applied from time to time 
to keep the temperature at 20—25°. After 16 hr. at room temperature the sodium carbonate 
was removed and the methanol distilled off under reduced pressure via a short fractionating 
column. The residual liquid distilled at 102—106°/13—14 mm. (27-3 g.) and contained some 
N-isopentylurethane (infrared absorption spectrum). It was purified by dissolution in methanol 
(35 c.c.) and treatment with methanolic semicarbazide acetate [from semicarbazide hydro- 
chloride (30 g.) in the minimum volume of water, and anhydrous potassium acetate (30 g.) in 
methanol (150 c.c.)]. After evaporation of some of the methanol, the solution was set aside 
overnight at 0°. The semicarbazone (25-5 g.) which separated was collected; a small portion 
separated from 50% aqueous methanol in plates, m. p. 131—132° (Found: C, 64-0; H, 10-15, 
C,,H,,NO, requires C, 64-0; H, 10-2%). Hydrolysis of the main bulk of the semicarbazone by 
heating with strong aqueous oxalic acid in the usual manner furnished 2-isobutylcycloheptanone, 
b. p. 104—105°/12—13 mm. (16-5 g.) (Found: C, 78-6; H, 11-4. C,,H,.O requires C, 78-6; 
H, 11-9%), C=O band (liquid film) at 1715, >CMe, bands at 1389, 172, 1176, 1156, and 
784cm.+, The 2,4-dinitrophenylhydrazone separated from ethanol in orange hexagonal plates, 
m. p. 76° (Found: C, 58-4; H, 6-9. C,,H,,N,O, requires C, 58-6; H, 6-9%). 

2-Isobutylcycloheptanone Oxime.—The above ketone (15 g.) in methanol (20 c.c.) was mixed 
with hydroxylamine acetate [from hydroxylamine hydrochloride (30 g.) in the minimum amount 
of water, and anhydrous potassium acetate (45 g.) in methanol (250 c.c.)] and the solution 
refluxed on the water-bath for 30 min. The methanol was removed in vacuo, water was added, 
and the oil taken up in ether. The ethereal solution was washed with sodium hydrogen 
carbonate, dried, and concentrated. The residual oxime distilled at 140—141°/11—12 mm., 
146—147°/14 mm. (14-6 g.) (Found: C, 72-1; H, 11-2; N, 7-3. C,,H,,NO requires C, 72:1; 
H, 11-5; N, 7-65%). 

2-Isobutyl-NN-dimethylcycloheptylamine (XV).—The foregoing oxime (6-8 g.) in dry ether 
(100 c.c.) was added during 30 min. to a suspension of lithium aluminium hydride (2-5 g.) in dry 
ether (150 c.c.), with continual agitation. After 24 hr. at room temperature, the mixture was 
refluxed on the water-bath for 3 hr., then cooled and decomposed with ice-water in the presence 
of ‘‘ Celite.” The dried, ethereal solution was concentrated via a fractionating column; the 
residual 2-isobutylcycloheptylamine distilled at 124°/15 mm. {5-1 g.) (Found: N, 8-0. C,,H,,N 
requires N, 8-3%). The amine (2-0 g.), 90% formic acid (3-0 g.), and 40% aqueous formaldehyde 
(3-0 g.) were mixed in the cold and heated on the water-bath for 3 hr., by which time evolution 
of carbon dioxide was complete. To the cooled solution dilute hydrochloric acid (15 c.c.) was 
added, and neutral matter was removed with ether. The aqueous layer was basified with 
potassium hydroxide. 2-Isobutyl-NN-dimethylcycloheptylamine, isolated with ether, distilled 
at 114°/15 mm. (2-0 g.) (Found: C, 78-9; H, 13-8; N, 7:3. C,,;H,,N requires C, 79-2; H, 13-7; 
N, 71%). The tertiary base reacted with methyl iodide to give a product which, after several 
recrystallisations from acetone-ether, melted over a wide range, softening at ca. 85°, melting 
being complete at 102—105°. 
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704. Some Derivatives of 2,7-Naphthyridine. 
By (Miss) B. M. FERRIER and NEIL CAMPBELL. 
The synthesis of some 2,7-naphthyridine derivatives is described. 


Few 2,7-naphthyridine derivatives are known! and we now report a simple method for 
obtaining several hydroxy- and chloro-derivatives. Malononitrile and diethyl acetone- 
dicarboxylate in ethanol, with diethylamine as catalyst, give diethyl 6-(dicyanomethylene)- 
glutarate (I; R= CN), which with sulphuric acid yields 1,3,6,8-tetrahydroxy-2,7- 
naphthyridine (II), m. p. >350°, insoluble in dilute acids or organic solvents. In dilute 
alkali this rapidly undergoes aerial oxidation, accelerated by the addition of perhydrol, 
the oxidation product separating as a high-melting, insoluble blue solid which becomes 
red on treatment with acid. These properties are reminiscent of the polyhydroxy- 
pyridine, -quinoline, and -isoquinoline series,? the potassium salt of 4,5,7-trihydroxy-2,3- 
benzo-1,6-naphthyridine, for instance, becoming violet when dried in air and giving a red 
compound when a perhydrol solution of the salt is acidified.* Aerial oxidation of 4- 
hydroxyisocarbostyril affords the blue carbindigo * and by analogy our oxidation product 
may have a somewhat similar dimeric structure. 
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The tetrahydroxynaphthyridine forms a dibenzoyl and a dinitroso-derivative, the 
latter probably the 4,5-dinitroso-compound, but methylation with Purdie reagents did 
not give satisfactory results. Attempts to remove the hydroxyl groups by zinc-dust 
distillation or heating with red phosphorus and iodine in acetic acid were unsuccessful, 
but heating with phosphoryl chloride at 180° yields 1,3,6,8-tetrachloro-2,7-naphthyridine 
(III), characterised by the red colour it gives with hydrazine hydrate, and a trichloro- 
product, probably 1,3,8-trichloro-6-hydroxy-2,7-naphthyridine (IV), since 1,3-dihydroxy- 
isoquinoline with phosphorus pentachloride yields 1-chloro-3-hydroxyisoquinoline along 
with the dichloro-derivative.5 

Hydrogenation of the tetrachloronaphthyridine in methanol containing potassium 
acetate gives a small quantity of a reduction product (as picrate), probably 1,2,3,4-tetra- 
hydro-2,7-naphthyridine (VI) from analogy of the catalytic hydrogenation of quinoline 
and isoquinoline. Replacement of the potassium acetate by potassium carbonate results 
in a rapid uptake of hydrogen, to yield the tetrahydro-2,7-naphthyridine (VI), 1,8-di- 
methoxy-2,7-naphthyridine (V), and a low-melting substance that was not identified. 
The infrared spectrum of the dimethoxynaphthyridine shows the absence of NH groups 
and the ultraviolet spectrum resembles that of the tetrachloro-2,7-naphthyridine. 

Allen, Chem. Rev., 1950, 47, 286; Iselin and Hoffmann, J. Amer. Chem. Soc., 1954, 76, 3220. 

2 Errera, Ber., 1898, 31, 1241. 

* St. Niementowski and Sucharda, if = Chem., 1916, 94, 193. 

* Gabriel and Colman, Ber., 1900, 33 

5 Gabriel, Ber., 1886, 19, 1653, 2395" 


™ 2” Chemistry ‘of Carbon Compounds,”’ edited by E. H. Rodd, Elsevier, 1957, Vol. IVa, pp. 642, 
5. 
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From a number of experiments it was noted that the tetrachloronaphthyridine under- 
goes hydrogenation in the presence of bases only when solvents such as methanol or ethanol 
are used, i.¢., only when solvolysis can occur,’ no hydrogen being absorbed when ether, 
benzene, or ethyl] acetate is the solvent. The ease of solvolysis under basic conditions is 
shown by the observation that the chloro-compound is unchanged on paper chromatograms 
in neutral or acidic conditions, whereas no colour due to the tetrachloro-compound can be 
detected when chromatograms in ethyl acetate, pyridine, or water are sprayed with dilute 
ethanolic hydrazine hydrate. The tetrachloro-compound is recovered quantitatively by 
addition of water to methanolic solutions or acidified methanolic solutions, but when 
solid potassium carbonate is added to a methanolic solution 3,6-dichloro-1,8-dimethoxy- 
2,7-naphthyridine (VII) separates. This substance is also formed when tetrachloro-2,7- 
naphthyridine is refluxed with 50% aqueous methanol containing potassium carbonate. 
Acid-hydrolysis, however, can be effected by boiling dilute hydrochloric acid—dioxan, and 
gives a chlorine-free product which appears to be 1,3,6,8-tetrahydroxy-2,7-naphthyridine.® 

Diethylamine catalyses the condensation of diethyl acetonedicarboxylate and ethyl 
cyanoacetate, previously effected by piperazine acetate.® The product (I; R = CO,Et) 
with concentrated sulphuric acid undergoes hydration of the cyano-group and cyclisation 
to yield ethyl 3-ethoxycarbonyl-2,6-dihydroxy-4-pyridylacetate 1 (VIII). 

Dimethylamine or morpholine is a useful catalyst for the condensation of malononitrile 
with ketones, but the best yields occur when the product separates rapidly from solution: 
otherwise the reaction is complicated by the polymerisation of malononitrile. 


EXPERIMENTAL 


Ultraviolet spectra were measured for ethanolic solutions by means of a Unicam S.P. 500 
spectrophotometer. ; 

1,3,6,8-Tetrahydroxy-2,7-naphthyridine.—(a) Malononitrile (1-1 g.) was kept for 19 days 
with diethyl acetonedicarboxylate (3 g.) in dry ethanol (25 ml.) containing 4 drops of diethyl- 
amine, distilled over sodium directly into the reaction mixture. The solvent was removed 
under reduced pressure and the residual oil yielded solid diethyl B-(dicyanomethylene)glutarate 
(2-6 g.), pale yellow needles (from benzene), m. p. 166° (Found: C, 57-1; H, 5-6; N, 11-:3%; 
M, 237. Cy.H,,0,N, requires C, 57-6; H, 5-6; N, 11-2%; M, 250). (b) Malononitrile (1-1 g.) 
was condensed with diethyl acetonedicarboxylate as above; after 24 hr. no ketone could be 
detected by 2,4-dinitrophenylhydrazine; after a further 24 hr. the solvent was removed under 
reduced pressure and the residue gently warmed with 70% (by vol.) sulphuric acid (20 ml.) 
until complete dissolution occurred, whereupon a vigorous exothermic reaction resulted. 
After 30 sec. the reaction subsided and the solution was boiled for 30 sec., cooled, and poured 
into water (60 ml.), to yield 1,3,6,8-tetrahydroxy-2,7-naphthyridine (2-7 g.), m. p. >350°, purified 
by washing with water and ethanol (Found: C, 48-9; H, 3-6; N, 13-2. C,H,O,N, requires 
C, 49-5; H, 3-1; N, 14-4%). (It is hard to get good nitrogen analyses in this series; but this 
compound and its benzoate could not be recrystallised and may have been impure.) With 
benzoyl chloride it yielded a dibenzoate, m. p. 234—239° after successive washings with dilute 
hydrochloric acid, sodium carbonate, water, and ethanol (Found: C, 66-4; H, 3-7; N, 61. 
C.,.H,,O,N, requires C, 65-7; H, 3-5; N, 70%). Solid sodium nitrite (0-5 g.) was added to a 
solution of the naphthyridine (0-1 g.) in 2N-sodium hydroxide (10 ml.) at 0°. The solution was 
kept at this temperature and dilute hydrochloric acid was slowly added with stirring until the 
solution was acid. The dinitroso-compound (0-03 g.) separated, and had m. p. >350° after 
being washed with water and ethanol (Found: N, 21-8. C,H,O,N, requires N, 22-2%). 

1,3,6,8-Tetrachloro-2,7-naphthyridine.—The tetrahydroxynaphthyridine (1 g.) was heated 
with phosphoryl chloride (10 ml.) in a sealed tube at 180° for 24 hr. The product was poured 
on ice (150 g.), and the mixture was made alkaline with solid potassium carbonate and extracted 
with ether (3 x 100 ml.). The dried extract (Na,SO,), on evaporation, yielded a yellow solid 
(0-7 g.), which was extracted with boiling light petroleum (b. p. 80—100°) (3 x 10 ml.). The 

7 Hardman and Partridge, J., 1958, 614. 

8 Cf. Tomisek and Christensen, ]. Amer. Chem. Soc., 1945, 67, 2113. 


* Raha, J. Indian Chem. Soc., 1953, 30, 129. 
10 Cf. Togerson and Thorpe, /J., 1906, 89, 631. 





[1960] Some Derivatives of 2,7-Naphthyridine. 3515 


volume of the extract was halved by distillation under reduced pressure; overnight at 0° there 
separated 1,3,6,8-tetrachloro-2,7-naphthyridine (0-5 g.), yellow needles (from aqueous ethanol), 
m. p. 157—161° (Found: C, 36-0; H, 1-0; N, 10-6; Cl, 52:3. C,H,N,Cl, requires C, 35-8; 
H, 0:7; N, 10-4; Cl, 53-0%), Amax, 230, 245, 312, 325 my (log « 4-41, 4-44, 3-82, and 3-81). The 
residue left after the extraction with light petroleum was 1,3,8-trichloro-6-hydroxy-2,7-naph- 
thyridine, needles (0-1 g.), m. p. 295° after crystallisation from benzene and sublimation under 
reduced pressure (Found: C, 39-0; H, 1-4; N, 12-0; Cl, 42-5. C,H,ON,Cl, requires C, 38-4; 
H, 1-2; N, 11-2; Cl, 42-7%). . 

1,2,3,4-Tetrahydrvo-2,7-naphthyridine.—Tetrachloro-2,7-naphthyridine (0:46 g.), fused 
potassium acetate (1 g.), and palladium chloride (0-2 g.) in dry methanol (40 ml.) were shaken 
in hydrogen, 190 ml. being absorbed (replacement of 4 chlorine atoms by hydrogen requires 
154 ml.). The filtered solution was evaporated and the oily residue dissolved in water (15 ml.), 
made alkaline with solid potassium carbonate, and extracted with ethyl acetate. The dried 
extract gave an oil (0-04 g.), yielding 1,2,3,4-tetvahydro-2,7-naphthyridine picrate, orange- 
yellow elongated prisms (from water), m. p. 248—250° [Found: C, 39-6; H, 3-2; N, 17-6. 
CyHypN2,(CgH,O0,N3)2,H,O requires C, 39-3; H, 3-6; N, 184%]. With concentrated aqueous 
ammonia the picrate gave a rapidly decomposing oil, presumably the parent base. 

1,8-Dimethoxy-2,7-naphthyridine.—Tetrachloronaphthyridine (0-36 g.), palladium chloride 
(0-2 g.), and anhydrous potassium carbonate (1 g.) in dry methanol (25 ml.) were shaken in 
hydrogen. After 1 hr, 141 ml. of hydrogen were absorbed (replacement of 4 chlorine atoms 
by hydrogen, 120 ml.). The residue in water (3 ml.) was extracted with ether (3 x 5 ml.), 
which when dried and evaporated gave 1,8-dimethoxy-2,7-naphthyridine as an oil which 
solidified and crystallised from methanol (2 drops) and then water in needles (0-014 g.), m. p: 
108—110° (Found: C, 63-6; H, 5-8; N, 14:3. C,)9H,)O,N, requires C, 63-2; H, 5-3; N, 14:7%), 
Amax, 230, 290, 305, 315 my (log ¢ 4-07, 3-68, 3-72, and 3-86) [picrate, yellow blades (from benzene), 
m. p. 148—150°]. From the methanolic filtrate tetrahydro-2,7-naphthyridine was isolated as 
the picrate, m. p. 248—250°. 

3,6-Dichloro-1,8-dimethoxy-2,7-naphthyridine.—Tetrachloro-2,7-naphthyridine (0-1 g.) in 
dry methanol (5 ml.) with anhydrous potassium carbonate (0-1 g.) afforded after 1 hr. 3,6-di- 
chloro-1,8-dimethoxy-2,7-naphthyridine, needles (from methanol), m. p. 155—157° (Found: 
C, 46-6; H, 3-2; Cl, 26-8. C,)H,O,N,Cl, requires C, 46-3; H, 3-1; Cl, 27-4%). The same 
product (0-08 g.) was obtained when tetrachloro-2,7-naphthyridine (0-1 g.) was boiled for 1 hr. 
in methanol (5 ml.) with 10% aqueous potassium carbonate (5 ml.). 

Ethyl 3-Ethoxycarbonyl-2,6-dihydroxy-4-pyridylacetate.—Ethyl cyanoacetate (2-5 g.), diethyl 
acetonedicarboxylate (4 g.), and ethylamine (6 drops); freshly distilled over sodium were 
kept in dry ethanol (10 ml.) for 7 days. The ethanol was removed by distillation, and at 
150°/8 mm. water and unchanged materials distilled. The residue (3-2 g.) was kept overnight 
in concentrated sulphuric acid (20 ml.), which was then poured into water (60 ml.). Ethyl 
3-ethoxycarbonyl-2,6-dihydroxy-4-pyridylacetate (1-4 g.) separated, forming orange-yellow needles 
(from ethanol), m. p. 176-5° (Found: C, 53-0; H, 5-7; N, 5-3. C,,H,,O,N requires C, 53-5; 
H, 5-6; N, 5:2%). 

Condensation of Ketones with Malononitrile.-—Malononitrile (0-35 g.), diethyl ketone (0-43 g.), 
and diethylamine (2 drops; freshly distilled over sodium) were kept in absolute ethanol (2 ml.) 
for 4 days. 2-Cyano-3-ethylpent-2-enonitrile (0-06 g.) separated; it formed needles (aqueous 
ethanol), m. p. 160—161° (Found: C, 72-5; H, 7-7; N, 19-5. C,H, N, requires C, 71-6; 
H, 7-4; N, 20:9%). Dibenzyl ketone (1-5 g.) similarly gave after 12 hr. 3-benzyl-2-cyano-4- 
phenylbut-2-enonitrile (1-15 g.), plates (from aqueous ethanol), m. p. 49-5° (Found: C, 82-0; 
H, 5-1; N, 10-8. C,,H,,.N, requires C, 83-7; H, 5-4; N, 108%). Acetone (1 hr.) and 
fluorenone gave the corresponding products, m. p. 172—173° (lit., 175—180°) and 234° (lit., 
213°) respectively. 


THE UNIVERSITY, EDINBURGH. [Received, March 3rd, 1960.) 
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705. Silyl Trifluoromethyl Sulphide. 
By A. J. Downs and E. A. V. Espswortn. 


Silyl trifluoromethyl sulphide has been prepared by reaction between 
silyl iodide vapour and solid bis(trifluoromethylthio)mercury, and some of 
its physical properties have been determined. The compound decomposed at 
room temperature in the presence of impurity into silyl fluoride and 
(probably) thiocarbonyl fluoride. Hydrogen iodide and mercuric chloride 
broke the silicon-sulphur bond almost quantitatively; the reactions with 
certain other mercuric and silver salts, and with boron trifluoride and 
trimethylamine, have also been investigated. 


Many silver and mercuric salts react with silyl iodide to form the iodide of the heavy metal 
and the silyl derivative of the original anion.1 Moreover, bis(trifluoromethylthio)mercury 
has been found to react with a number of inorganic and organic chlorides, forming the 
corresponding trifluoromethylthio-derivatives.2, We have prepared silyl trifluoromethyl 
sulphide, SiH,*S*CF;, by passing silyl iodide vapour over solid bis(trifluoromethylthio)- 
mercury suspended on glass wool, and have investigated some of its physical and chemical 
properties. 

The reaction is smooth at room temperature, giving yields up to 90%, but the product 
is very sensitive to the presence of impurity. Some more volatile material is always 
produced at the same time; this must consist of decomposition products of silyl trifluoro- 
methyl sulphide, since it is also formed when crude samples of this compound are allowed 
to stand at room temperature. It is not homogeneous, but attempts to separate its com- 
ponents have been partly successful. It has been identified on the basis of vapour density 
and infrared and nuclear resonance measurements as an équimolar mixture of silyl fluoride 
and thiocarbonyl fluoride—the latter compound has not-yet been characterised, but the 
infrared * and nuclear resonance * spectra of the former compound have been recorded. 
It follows that silyl trifluoromethyl sulphide decomposes according to the reaction: 
SiH,°S-CF, —» SiH,F + SCF,. Disilyl sulphide has been observed to decompose in an 
analogous way, giving monosilane and a solid material believed to be polymeric (*SiH,°S-),.5 

Silyl trifluoromethyl sulphide is stable when pure in the liquid or vapour phase at room 
temperature in clean glass apparatus. The decomposition is, however, catalysed by bis- 
(trifluoromethylthio)mercury, and in a dirty vacuum-line it was rapid even at —46°. 
Satisfactory vibrational assignments for the infrared spectrum of the pure compound 
can be made by using the spectra of disilyl sulphide ® and of trifluoromethanesulphenyl 
chloride ? as analogues. In the nuclear resonance spectra, the proton resonance appears 
at slightly lower field than in disilyl sulphide, suggesting that the sulphur atom is rather 
more electron-withdrawing in the trifluoromethyl derivative. The small change in 
chemical shift, however, does not necessarily mean that this increase in electron- 
withdrawing power is slight; the resonant magnetic field values for protons bound to 
silicon are not very sensitive to the nature of the rest of the molecule. The change in 
J@Si-H) is also small but may be significant; the value of J(@®F-H), however, is 
considerably greater than in methyl trifluoromethyl sulphide*® where the observed 


1 Emeléus, MacDiarmid, and Maddock, J. Inorg. Nuclear Chem., 1955, 1, 194; MacDiarmid, J. 
Inorg. Nuclear Chem., 1956, 2, 88. 
* Emeléus and Pugh, J., 1960, 1108; Man, Coffman, and Muetterties, J. Amer. Chem. Soc., 1959, 81, 
3575. 
* Newman, O’Loane, Polo, and Wilson, J. Chem. Phys., 1956, 25, 855; Onyszchuck, Ph.D. Thesis, 
Cambridge, 1956. 
Ebsworth, Sheppard, and Turner, unpublished work. 
Ebsworth, unpublished observations. 
Ebsworth, Taylor, and Woodward, Trans. Faraday Soc., 1959, 55, 211. 
Nabi and Sheppard, /., 1959, 3439. 
Downs and Emeléus, unpublished work. 
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splitting is ~0-4 c./sec. as against 1-7 c./sec. for the silyl compound. The increased F-H 
coupling in the silicon compound may be brought about by (f->d) x-type bonding between 
silicon and sulphur. So few values for ¢(F) in analogous compounds ® are available that 
no comparison is possible. 

The compound did not react with boron trifluoride or with mercuric sulphide. 
Hydrogen iodide broke the silicon-sulphur bond, giving silyl iodide and trifluoromethane- 
thiol: SiH,*S*CF, +- HI —» SiH,I + CF,-SH. Mercuric chloride also broke the silicon- 
sulphur bond; the complex mixture of products obtained with mercuric bromide at room 
temperature suggests that an equilibrium mixture was set up in which appreciable amounts 
of both silyl bromide and silyl trifluoromethyl sulphide were present; mercuric iodide and 
the sulphide did not react. The order of reactivity of the mercuric halides is that expected 
from a consideration of the relevant bond energies, and is consistent with MacDiarmid’s 
conversion series (though this predicts complete reaction with mercuric bromide); the 
complete reaction with mercuric chloride at —78° suggests that the differences involve 
equilibria rather than reaction rates. With silver chloride, no silyl chloride was formed 
at —78°, and reaction at room temperature was far from quantitative; moreover, the 
reaction with silver cyanide was similarly incomplete. The difference in behaviour 
between silver and mercuric chlorides is unusual, since they have in the past been found 
to react similarly with silyl compounds; it may indicate that the expected trifluoro- 
methylthio-derivative of silver is relatively unstable. A remarkable feature of the 
reactions with mercuric bromide and with the two silver salts is the extent to 
which decomposition products of the starting material were recovered. 

Trimethylamine reacted with silyl trifluoromethyl sulphide in a 2: 1 molar ratio to give 
two solid products. One of these, readily volatile at room temperature, was identified as 
the adduct SiH,F,NMe,, which has not previously been described. As with the mono- 
methylsilyl compounds," it was appreciably more volatile than the corresponding adduct 
of silyl chloride.12 The other solid product was brown, and decomposed when attempts 
were made to investigate its physical properties. On this basis, the reaction may be 
represented: SiH,*S*CF, +- 2NMe, —» SiH,F,NMe, + (SCF,,NMe,). The involatile solid 
is regarded as a polymeric adduct of trimethylamine and thiocarbonyl fluoride. This 
reaction is very similar both to the other decompositions of silyl trifluoromethyl sulphide 
and to the reaction between disilyl sulphide and trimethylamine: !® (SiH,),S + NMe, —» 
SiH, + (SiH,S,NMe,). The trifluoromethyl compound reacted very much the more 
rapidly, in keeping with its greater tendency to decompose. 


EXPERIMENTAL 


Preparation.—In a typical experiment, silyl iodide (1-33 g.) distilled slowly through a U-tube 
packed with bis(trifluoromethylthio)mercury (9-7 g.) sublimed on to glass wool. The form- 
ation of a red solid was observed; the volatile products were collected in a trap at — 197°, care 
being taken to prevent any of the mercury derivative from subliming into the same trap. 
From the volatile products, silyl trifluoromethyl sulphide, involatile at —-118°, was obtained 
(610 mg.) (Found: M, 132; SiH, 2-27; S, 24-05; F, 43-3%. CH,F,SSi requires M, 132; SiH, 
2-29; S, 24-25; F, 43-2%). The remainder was volatile at —132° (450 mg.) (Found: M, 67. 
Calc. for SiH, F: M,50. Calc. for SCF,: M, 82); its infrared spectrum showed that a consider- 
able amount of silyl fluoride was present; * bands were also observed at 1375s (type A), 1310w 
(type A), 1210s (? type B), 1188s (type B), 788m (type A), 624w (type C), and 526m (type A). 
The branch separations in bands of the same contour-type were roughly equal. By repeated 
distillation at —150° a fraction with M = 79 was obtained whose infrared spectrum showed 
the presence of little silyl fluoride, though the bands listed above were more intense. The 


® Filipovitch and Tiers, J. Phys. Chem., 1959, 68, 761. 

10 MacDiarmid, (a) Quart. Rev., 1956, 10, 208; (6) Ph.D. Thesis, Cambridge, 1955. 
11 Ebsworth and Emeléus, J., 1958, 2150. 

12 Emeléus and Miller, ]., 1939, 819. 
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fraction volatile at —150° had M 56. On this basis the other component of the mixture was 
identified as thiocarbonyl fluoride whose infrared spectrum has not previously been reported, 
The observed infrared frequencies are assigned as follows: 1375, v, (C=S stretching); 1310, 
788 + 526; 1210, ?788 + v, (CF, rocking, which would then be at 422 but was not observed); 
1188, v, [CF stretching (a)]; 788, v, [CF stretching(s)]; 624, v, (out-of-plane bending); 526 cm.", 
vg (in-plane CF, bending). The frequencies of carbonyl fluoride are: }* v,, 965; va, 1942; v,, 
626; vs, 1249; v,, 584; v., 774 cm... In each case v, and v, may interact. The proton 
resonance spectrum of the mixture dissolved in cyclohexane consisted of a doublet centred at 
—3-35 p.p.m. (C,H,, = 0) and with separation of 45-8 c./sec. (observed for SiH,F:4 —3-34, 
45-9). Satellite doublets, assigned to **SiH, were also observed. The fluorine resonance 
spectrum consisted of a quartet, with multiplet splitting of 45-9 c./sec., at 217 + 3 p.p.m. 
relative to trichlorofluoromethane as solvent and internal standard (observed for Et,SiF, 
176 p.p.m.) ® together with a single line at —40-5 + 3 p.p.m. Thiocarbonyl fluoride would be 
expected to give a single resonance line, but the probable field value is uncertain. The YF 
resonance of the CF group in (CF;),N*COF was observed at —81-0 p.p.m. relative to trifluoro- 
acetic acid as (presumably) external standard; ™ the latter at infinite dilution in trichloro- 
fluoromethane gave a resonance at 76-5 p.p.m. (CCl,F = 0),® so the CF resonance in (CF;),N-COF 
might be expected at ~—5 p.p.m. in dilute solution in trichlorofluoromethane (CC1,F = 0). 
This suggests that the single line at —40-5 p.p.m. can reasonably be assigned to thiocarbonyl 
fluoride. 

Unchanged bis(trifluoromethylthio)mercury (6-8 g.) was recovered; the yield of silyl tri- 
fluoromethyl sulphide, based on the amount of silyl iodide taken, was about 60%. The 
maximum yield obtained was ~90%. 

Stability. Decomposition was so rapid in a vacuum-line contaminated with mercuric iodide 
and bis(trifluoromethylthio)mercury that a steady vapour pressure could not be obtained at 
— 46°, but in clean glass apparatus pure samples of the compound were usually stable at room 
temperature even in the liquid phase for up to 18 hr. The decomposition products were 
identical with those obtained in the preparation. 

Physical properties. ‘These were determined on samples that had been repeatedly distilled 
at —96° and collected at —118°. The compound melts at —127° + 0-5° and boils at 
13-6° + 0-2°; between —20° and the b. p. the vapour pressure is related to the temperature by 
the expression: log,, p (mm.) = —1339/T + 6-548,, and over the same range the latent heat 
of vaporisation is 6150 + 50cal./mol. Trouton’s constant is 21-4. 

The infrared spectrum was recorded at frequencies between 4000 and 400 cm. with a 
Perkin-Elmer model 21 double-beam spectrometer fitted with sodium chloride or potassium 
bromide prisms. The observed frequencies are set out in Table 1, with vibrational assignments 
and the corresponding values for disilyl sulphide * and trifluoromethanesulpheny]l chloride.’ 

The nuclear resonance spectra were recorded with a Varian Associates V-4300B high- 
resolution nuclear-magnetic resonance spectrometer with flux stabiliser, using the sample- 
spinning technique, and operating at 40 Mc./sec. The samples were contained in Pyrex tubing 
of 5 mm. outside diameter. The pure liquids were used for measuring coupling constants and 
the chemical shift values were obtained from dilute solutions with internal standards; the 
values are summarised in Table 2, with analogous values for disilyl sulphide.* 

Reactions. (i) The compound neither reacted with, nor was decomposed by, mercuric sulphide 
at —78°, mercuric iodide at room temperature, or methyl iodide at room temperature; with 
boron trifluoride, no sign of reaction was observed between — 196° and room temperature. In 
each case the volatile material taken was recovered unchanged. 

(ii) Hydrogen iodide (40 mg.) and silyl trifluoromethyl sulphide (41 mg.) at —78° (18 hr.) 
gave trifluoromethanethiol (35 mg.) (Found: M, 103. Calc. for CHF,S: M, 101) and silyl 
iodide (44-5 mg.) (Found: M, 153; v. p. at —15°, 5-65cm. Calc. for SiH,I: M, 158; v. p.¥ 
5-8cm.). The infrared spectra confirmed this identification. 

(iii) Silyl trifluoromethyl sulphide (64 mg.) and mercuric chloride (155 mg.) at —78° (18 hr.) 
gave silyl chloride (31 mg.) (Found: M, 66; v. p. at —46°, 34-8cm. Calc. for SiH,Cl: M, 67; 
v. p.,4* 36-4 cm.). From the solid residue trifluoromethylthiomercuric chloride was obtained 


18 Nielson, Burke, Woltz, and Jones, J. Chem. Phys., 1952, 20, 596. 

14 Muller, Lauterbur, and Svatos, J. Amer. Chem. Soc., 1957, 79, 1807. 
15 Emeléus, Maddock, and Reid, J., 1941, 353. 

16 Stock and Somieski, Ber., 1919, 52, 695. 
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by sublimation (m. p., found, 125°; lit.,17 120—130°); its identity was confirmed spectro- 
scopically. The amount of silyl chloride recovered corresponds to 95% reaction according to 
the reaction: SiH,*S*CF, + HgCl, —» SiH,Cl + CF,°S:HgCl. 


TABLE 1. Silyl trifluoromethyl sulphide. 


Frequency (cm.~) Assignment Analo 
3150w 940 + 2210 3095 in (SiH;),S 
2210vs SiH stretch 2180 in (SiH;),S 
1885w 1124 + 756 1885 in CF,°SCl 
1304w 756 + 550 1305 in CF,°SCl 
1260w 756 + 510 
1235w 2 x 625 1278 in (SiH,),S 
ett an CF stretch (a) 1189 in CF,SCI 
1124vs CF stretch (s) 1133 in CF,°SCl 

940s, sh SiH, def. 956 in (SiH,),S 


910 
906 Svs SiH, def. 907 in (SiH,),S 
762 
756 }m CF, def. (CS stretch) 764 in CF,-SCl 
635m, sh SiH, rock 2675 in (SiH,),S 
625m, C * SiH, rock (out-of-plane) 635 in (SiH;),S 


555 . 
oe ymw CF, def. 570 in CF,:SCl 


im SiS stretch 517 in (SiH,),S 


t4sh mw SC stretch (CF; def.) 468 in CF,°SCl 
438 
* C = type C-contour. 


TABLE 2. 
(0) 


Laat (c) 
7(H) (p-p.m. + 0-02) J (SiH) J (*FH) 
Compound (p.p.m. + 0-02) (CCl, F: = 0) (c./sec.) (c./sec.) 
SiH,’S-CF, —5-58 31-15 234 + 1 1- A. + 0-10 
(SiH;),S — 5-64 _— 226 + 2 — 
(a) Measured in ~5% solutions in cyclohexane as internal standard and solvent. 
(b) No significant change in chemical shift values was observed between the pure liquid containing 
a drop of internal standard and ~5% solutions in the standard as solvent. 
(c) Mean from #*F and H resonances. 


(a) 


(iv) Silyl trifluoromethyl sulphide and mercuric bromide at —78° (18 hr.) gave a mixture of 
products including a small amount of silyl bromide. At room temperature the sulphide 
(57 mg.) and mercuric bromide (200 mg.}j gave, after 0-5 hr., 49 mg. of a mixture of volatile 
products from which no pure component could be isolated. The infrared spectrum suggested 
that the material contained thiocarbony] fluoride, silyl bromide, silyl fluoride, and unchanged 
sulphide. The mixture was hydrolysed and the bromide content estimated gravimetrically 
(Found: AgBr, 25 mg.), since silyl bromide could not be separated from silyl trifluoromethyl 
sulphide by distillation (b. p.’® 1-9°). If all the bromine in the mixture was present as silyl 
bromide, about 30% of the sulphide had reacted according to an equation such as that given 
above. The involatile solid residue was shown spectroscopically to contain trifluoromethyl- 
thio-groups. 

(v) Silyl trifluoromethyl sulphide (65 mg.) and bis(trifluoromethylthio)mercury (150 mg.) 
at room temperature (2 hr.) gave unchanged silyl trifluoromethyl sulphide (46 mg.) (Found: M, 
131; v. p. at —46°, 4-40cm. Calc. for C,H,F,S: M, 132; v. p., 4-30 cm.) with a more volatile 
material (22 mg.) (M, 87) that was, shown spectroscopically to contain silyl fluoride (M, 50), 
thiocarbony] fluoride (M, 82), and trifluoromethanethiol (M, 102). The solid blackened during 
the reaction, and there appeared to be a little free mercury present when the tube was opened. 


17 Pugh, M.Sc. Thesis, Cambridge, 1959. 
18 Stock and Somieski, Ber., 1917, 50, 1739. 
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(vi) Silver chloride (300 mg.) and the sulphide (77 mg.) at —78° (18 hr.) gave a mixture 
in which no silyl chloride could be detected, and the solid did not contain trifluoromethylthio- 
groups. After 18 hr. at room temperature no unchanged sulphide was recovered; the volatile 
products included silyl fluoride, silyl chloride, a small amount of thiocarbonyl fluoride, and 
~3 mg. of a red liquid whose infrared spectrum indicated that it was a mixture of (CF,°S),CS 
and CF,°S-CSF, common decomposition products of trifluoromethylthio-compounds ?® that are 
probably derived from polymerisation of thiocarbonyl fluoride. On hydrolysis, the chloride 
content of the volatile products was estimated gravimetrically (Found: AgCl, 27 mg.); if all 
the chloride was present as silyl chloride, this corresponds to about 35% reaction according to 
the equation: SiH,°S°CF, + AgCl = SiH,Cl + AgS-CF,. The solid residue was shown spec- 
troscopically to contain trifluoromethylthio-groups. 

(vii) Silyl trifluoromethyl sulphide and silver cyanide did not react at —78° (18 hr.), and the 
starting material was recovered unchanged. At room temperature, the solid became first 
brown and then (after a few minutes) black. A complex mixture of volatile products was 
recovered, whose infrared spectrum indicated the presence of silyl fluoride, some thiocarbonyl 
fluoride, and a very small amount of silyl cyanide, with a red liquid identified spectroscopically 
as (CF,°S),CS.* The black solid residue was shown spectroscopically to contain trifluoro- 
methylthio-groups. Silyl trifluoromethyl sulphide (102 mg.) was passed twice over solid silver 
cyanide; the solid became brown, but no silyl cyanide was detected among the volatile products, 
which consisted of unchanged sulphide and a mixture of silyl fluoride, thiocarbony] fluoride, and 
trifluoromethanethiol. No trifluoromethylthio-groups were detected in the solid residue. 

(viii) Silyl trifluoromethyl sulphide (84 mg.) immediately gave a white solid when mixed 
with trimethylamine (158 mg.) at —78°. Trimethylamine (81 mg.) was recovered (Found: M, 
60; v. p. at 0°, 67-45cm. Calc. for C;H,N: M, 59; v. p.* at 0°, 68-5 cm.); its identity was 
confirmed spectroscopically. The other volatile substance recovered was a white solid (Found: 
M, 55-5; v. p. at room temperature, 7 cm.) whose infrared spectrum was very similar to that 
expected for an equimolar mixture of trimethylamine and silyl fluoride (Calc.; M, 54-5). The 
solid was identified as the equimolar silyl fluoride—trimethylamine adduct. On each distillation 
a little involatile solid was left behind, suggesting that, as in.analogous cases," the dissociation 


is accompanied by irreversible decomposition; accordingly, no analysis was attempted. The 
other solid product, involatile at room temperature, was brown. When the tube in which 
it was contained was filled with dry nitrogen, the colour of the solid deepened considerably, and 
the infrared spectrum of the darkened sample gave no absorption at characteristic Si-H, C-H, 
or C-F frequencies. 

The overall combining ratio, trimethylamine : silyl trifluoromethyl sulphide, was 1 : 1-97. 


We are most grateful to Professor H. J. Emeléus, C.B.E., F.R.S., for his interest, to Dr. N. 
Sheppard and Mr. J. J. Turner for help in recording and interpreting the nuclear magnetic 
resonance spectra, to the Wellcome Foundation who lent the Varian spectrometer to the 
Department, and to the Department of Scientific and Industrial Research for a maintenance 
grant (to A. J. D.). 
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1® Haszeldine and Kidd, J., 1955, 3871. 
© Aston, Sagenkahn, Szasz, Moessen, and Zuhr, J. Amer. Chem. Soc., 1944, 66, 1171. 
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706. Molecular Rearrangement and Fission of Ethers by Alkaline 
Reagents. 


By J. Cast, T. S. STEVENS, and (in part) (Mrs.) J. HoLmes. 


Under the influence of an alkaline reagent, an ether having a mobile 
proton may undergo rearrangement (a) or fission (b): 


CRROH 4? CHR,OR’_? COR, + R’H 


The incidence of these reactions has been examined for phenacyl, 9- 
fluorenyl, and a-cyanobenzyl ethers in butanolic sodium butoxide. But- 
2-enyl, 1-methylallyl, and active a-methylbenzyl ethers of fluoren-9-ol 
showed unexpected behaviour. 


THE rearrangement of ethers, CHR,-OR’ —» CR,R’-OH, under energetic alkaline con- 
ditions has been recorded by Schorigin ! and investigated extensively by Wittig,? Hauser,® 
and Curtin ¢ and their collaborators. This change is often accompanied or superseded by 
a process of fission according to the more detailed scheme: 


H+ 
— > CR,R“O- ——» CR,R”"OH 


CHR,‘OR’ —3> —CR,"OR’ a: 1 
—Ht COR, + R~ —— COR, + R’'H 
H 


Cram, Kingsbury, and Langemann 5 have examined this process of fission in some detail. 

The main driving force for the rearrangement is no doubt the transference of the formal 
charge from carbon to the more electronegative oxygen atom; rearrangement of tertiary 
amines, in which O in the scheme is replaced by NR”, takes place much less readily (follow- 
ing paper); rearrangement of quaternary ammonium compounds: 


+ >» = 
CHR,*NR”’3R’ —— > CRg*NR”3R’ —> CRgR’*NR”s 


in which the formal charges disappear, is effected much more easily. Under the conditions 
used in this study (but not in Wittig’s experiments), migration occurred only with groups 
of allyl or benzyl type. Rearrangement is evidently intrinsically less favoured than 
fission; the latter, though involving the separation of a carbanion, can proceed to the 
exclusion of rearrangement which in an ether would site the anionic charge on oxygen. 
Fission is favoured if R’ can tolerate an anionic charge: thus, in types of ethers in which 
other substituted benzyl groups migrate, 4-nitrobenzyl radicals are split off as p-nitro- 
toluene. 

Phenacyl Ethers.—In most of the experiments now described, the alkaline reagent was 
n-butanolic sodium n-butoxide. This was first applied to benzyl phenacyl ether (I), the 
product being benzylphenylglycollic acid (III), presumably formed by dehydrogenation 
and benzilic transformation from the normal product of rearrangement (II): 


PrCO*CHy? Ph:CO“CH: seg en w co 7° i Po\_/0H 
CH,Ph —| I CH,Ph| PhH,c”  NCO,H 
(I) : on (III) 


When similarly treated, 4-nitrobenzyl phenacyl ether gave no hydroxy-acid, but some 30% 
of p-nitrotoluene. 


1 Schorigin, Ber., 1924, 57, 1634; 1925, 58, 2028; 1926, 59, 2510. 

* Wittig and Léhmann, Amnalen, 1942, 550, 260; Wittig and Happe, ibid., 1947, 557, 205; Wittig 
and Clausnitzer, ibid., 1954, §88, 145; Wittig and Stahnecker, ibid., 1957, 605, 69; Wittig, Déser, 
and Lorenz, ibid., 1949, 562, 192. 

® Hauser and Kantor, J. Amer. Chem. Soc., 1951, 78, 1437. 

* Curtin and Leskowitz, J. Amer. Chem. Soc., 1951, 78, 2630, 2633. 

5 Cram, Kingsbury, and Langemann, J. Amer. Chem. Soc., 1959, 81, 5785. 
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In the same way allyl phenacyl ether afforded an oily acid which by analogy should 
have been 2-hydroxy-2-phenylpent-4-enoic (and/or -3-enoic) acid. By reduction with 
hydriodic acid and red phosphorus the oily acid gave «-phenylvaleric acid: 


CH,2CH*CH,*CPh(OH)°CO,H 


CHy*CHCH*CPh(OH)*CO,H } > SUS ee 


Phenacyl phenyl ether was easily decomposed with liberation of phenol, and no 
rearrangement was observed under any conditions. With sodium butoxide, a major 
product was the secondary alcohol HO-CHPh-CH,°OPh, described by Guss.* Treatment 
of styrene chlorohydrin with sodium phenoxide gave the isomer PhO-CHPh:CH,°OH;; if 
the first stage of this reaction were the production of phenylethylene oxide, Guss’s work 
indicates that the final product would be predominantly the primary alcohol. 

Acetonyl benzyl ether, submitted to the same treatment as the phenacyl ethers, 
darkened rapidly, and no homogeneous product could be isolated. 

Fluorenyl Ethers.—9-Fluorenyl methyl and phenyl ether were unchanged by sodium 
butoxide, although Wittig and Happe ? rearranged the former ether at a lower temperature 
by the use of ethereal phenyl-lithium. Under their conditions the intermediate carbanion 
should be less effectively stabilised by solvation and so more prone to rearrangement. 

Benzyl 9-fluorenyl ether (IV), when warmed with butanolic sodium butoxide,’ 
rearranged smoothly to 9-benzylfluoren-9-ol (V); the 4-bromobenzyl and 4-iodobenzyl 
ethers suffered the same change, but 9-fluorenyl 4-nitrobenzyl ether gave almost entirely 
fluorenone, with much #-nitrotoluene. Diphenylmethyl 4-nitrobenzyl ether behaved like 
the fluorenyl compound. 


a oot CL 


H OR R” “OH 


(IV) R=CH,Ph (V) R=CH,Ph 
(VI) R= CHMePh (VII) R=CHMePh 

(VIII) R= CHyCH:CHMe (X) R = CHyCHICHMe 
(IX) R= CHMe’CH:CH, 


Inactive 9-fluorenyl «-methylbenzyl ether (VI) was rearranged in the same way as the 
benzyl compound. The active ether, unexpectedly, gave the imactive alcohol (VII). This 
is in striking contrast with the rearrangement of a quaternary ammonium ion, 


+ 
Ph-CO-CH,*NMe,*CHMePh, in which the migration of the active «-methylbenzyl radical 
gives an active product, Ph-CO-CH(NMe,)*CHMePh, of high optical purity.® 

Both but-2-enyl 9-fluorenyl ether (VIII) and 9-fluorenyl 1-methylallyl ether (IX) gave 
in large yield 9-but-2’-enylfluoren-9-ol (X). It is not easy to accept a cyclic intramolecular 
mechanism for the rearrangement of ether (VIII) and a non-cyclic one for ether (IX). On 
the other hand, the isolation of the rearrangement products in good yield, in experiments 
with butanol as solvent, makes it improbable that the migrating group is ever kinetically 
free, whether as free radical or as ion, in which the distinction between but-2-enyl and 
1-methylallyl would disappear. This is in contrast with the rearrangement of sulphinic 
esters, Ar-SO-OR, to sulphones, Ar-SO,°R, in which the process is, at least mainly, inter- 
molecular. Cinnamyl 9-fluorenyl ether behaved like the butenyl compound, giving 
9-cinnamylfluoren-9-ol. 


* Guss, J. Amer. Chem. Soc., 1949, 71, 3460; Guss and Williams, J. Org. Chem., 1951, 16, 1809. 

7 Marrian, Thesis, Glasgow, 1941. 

® Campbell, Houston, and Kenyon, J., 1947, 93. 

* Arcus, Balfe, and Kenyon, J., 1938, 485; Cope, Morrison, and Field, J. Amer. Chem. Soc., 1950. 
72, 59; Wragg, McFadyen, and Stevens, /., 1958, 3603. 
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a-Cyanobenzyl Ethers.—a-Cyanobenzy]l ethers contain a suitably placed mobile hydrogen 
atom, and the benzyl ether (XI) with hot sodium butoxide solution gave deoxybenzoin: 


Ph*CH(CN)-O Ph*C(CN)OH —HCN Ph'CO 
ae ~~ 
(XI) CH,Ph CH,Ph CH,Ph 


The methyl and phenyl ethers did not react in this way, giving no cyanide ion; the allyl 
ether gave cyanide ion with a little acetophenone, perhaps formed by way of allyl phenyl 
ketone and phenyl propenyl ketone: 


Ph*CH(CN)*O Ph:CO Ph:CO Ph:CO 


—> —> —> 
CH,°CH*CH, CH,°CH*CH, CHs‘CH:CH CH,°CHO + CH, 


Preparation of Ethers.—Phenacyl and acetonyl ethers were mostly prepared by the 
sequence, RHal + CH,O + KCN —» KHal + RO-CH,°CN; RO-CH,°CN + RMgX 
—» RO-CH,°COR’. Fluorenyl ethers, which also are not effectively obtained by 
Williamson synthesis, were produced, usually in moderate yield, by interaction of 9-bromo- 
fluorene and an alcohol in presence of a silver salt.22 Acetonitrile is here a useful solvent, 
though an excess of alcohol is often necessary in any case. With allylic alcohols, the use 
of silver nitrate led to the formation of much 9-fluorenyl nitrate, and better yields of ether 
were obtained by using silver sulphate; silver perchlorate, applied to the case of bromo- 
fluorene and allyl alcohol, gave only a chlorinated product. This silver salt method was 
not successfully applied to phenacyl ethers; phenacyl bromide with silver nitrate in 
acetonitrile gave phenacyl nitrate even in presence of water, while silver sulphate did not 
react. 

a-Cyanobenzyl ethers were produced from methyl mandelate by the alternative routes: 


RHal 
Ph*CH(OH)*CO,Me ———— Ph°CH(OR)*CO,Me —— Ph*CH(OR)*CO*NH, 


 alonetke,, ' 


Ph*CHCI*CO,Me Ph*CH(OR)*CN 
RONa 





EXPERIMENTAL 


Analytical and other data on ethers are assembled in Table 1. 

Ether A.—Benzyloxyacetonitrile 4 (7 ml.) was added to the Grignard reagent from bromo- 
benzene (10-5 ml.), magnesium (2-45 g.), and ether (50 ml.). After 12 hr. ice and dilute sulphuric 
acid were added. The product, isolated as usual, had b. p. 206°/16 mm.; a lower fraction was 
biphenyl. Benzyl phenacyl ether 2,4-dinitrophenylhydrazone formed fine orange needles (from 
chloroform—methanol), m. p. 182—184° (Found: C, 61-7; H, 4:6. C,,H,,O;N, requires C, 
62:0; H, 44%). 

Ether B.—Diazoacetophenone (6 g.) and 4-nitrobenzyl alcohol (25 g.) in benzene (800 ml.) 
were stirred during addition of boron trifluoride-ether complex !* (1 g.); a vigorous reaction 
ensued, with development of a deep red colour. After 1 hr. the solution was boiled with 
charcoal, filtered, and evaporated, and unchanged alcohol was extracted with boiling water. 
The residue was the ether B. 

Ether C.—Powdered sodium. cyanide (8-2 g.) was added to 38% aqueous formaldehyde 
(15 ml.) in methanol (15 ml.) with cooling. Allyl bromide (20-2 g.) in methanol (20 ml.) was 
added and the mixture heated. After the gentle reaction had subsided, the whole was refluxed 
for 5 min., cooled, diluted with water (50 ml.), and extracted with ether—ligroin (1:1). The 
extract gave allyloxyacetonitrile (10—12 g.), b. p. 149—157° (Found: N, 13-5. C,;H,ON requires 
N, 14-4%). By the method used for ether A, the nitrile gave a crude product, contaminated 
with biphenyl which could not be removed. This material gave 67% of allyl phenacyl ether 

1% Kliegl, Wiinsch, and Weigele, Ber., 1926, 59, 631. 


11 Quarterman and Stevens, J., 1955, 3293. 
™ Cf. Newman and Beale, J. Amer. Chem. Soc., 1950, 72, 5161. 
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TABLE 1. Ethers prepared. 


Found (%) Reqd. (%) 
Solvent M. p. Cc H Formula Cc H 
Phenacyl ethers 
i, FENNEL. seventnaseccasansigblgnincnsa MeOH-H,O 62—64° 79:1 64 C,,H,,0, 79-6 6-2 
B 4-Nitrobenzyl*  .............000. MeOH; EtOH 98—99 66-4 46 C,,H,,0O,N 664 4-7 
Co RIE tes vescepedvedndancrosopsanecesers B. p. 130—143°/14 mm. 
BP SE: caduvoaccabeesequanicstens MeOH; Lig® 117—118 75:5 651 CyH,O, 755 55 
9-Fluorenyl ethers 
Ee ET Gewdctouiscccevsesssuennece MeOH 79—80° 882 652 C,H,,O0 88:3 5-4 
MIDS.  ciintdgasstcesreicrstssicse 68—69 87-3 63 C,.H,,O0 87-9 6-2 
G 4-Bromobenzyl  ............0.000+ MeOH 100—101 684 42 C,.H,,OBr 684 43 
FE G-IOGODEREYL. cocccccccecesceccsese MeOH 116 60-4 3-9 3Ol 603 3:8 
I @Nitrobensyl®  .................- COMe,-MeOH 125—126 75:9 4-7 C,H,,O,N 75:7 4-7 
J (+)-a-Methylbenzyl °............ EtOH 94—95" 881 62 C,,H,,0 88-1 6-3 
K (—)-/ ert) f | Picddiewsee EtOH 94—95" 883 63 
L (+)- halt [i b+! Sadeocescsas MeOH 68—69" 884 6-2 
M p-Nitrophenethyl* ............... MeOH 97—98-5 75:9 53 C,,H,,O,N 76-1 5-2 
BRENT ea cedaussbdcpevsasuscreecsiesn 
DOI 6 idercvecstsciicarconcet MeOH (—50°) 39—40 86-7 68 C,,H,,O 86-4 6:8 
Hi RONEN. gcanccacscnccoseocdse B. p. 160°/0-2 mm. 
CP UNIT etpcdtewnscnccocgrecteneses MeOH 103 88-1 5:7 C,.H,,0 88:5 6-0 
Various 
R et scene 4-nitrobenzyl MeOH 64—65 75-2 54 CyoH,,O,N 75:2 5:3 
S a-Cyanobenzyl methyl ® ...... B. p. 128°/27 mm. 
T a-Cyanobenzyl phenyl ......... Lig 63° (N, 6-8) C,,H,,ON (N, 6-7) 
U Benzyl a-cyanobenzyl ......... B. p. 192—194°/13 mm. (N, 6-5) C,;H,,0N (N, 6-3) 
V Allyl a-cyanobenzyl ............ B. p. 132—134°/16 mm. (N, 8-2) C,,H,,ON (N, 8-1) 


* Found: N, 5-3. Required, 53%. * Ligroin, b. p. 60—80°. * B. p. 78—80°/0-5 mm. 
« Found: N, 4-6. Required, 44%. ¢ [a]p* +169-6° in EtOH. / [a]p* —164-6°in EtOH. ¢ B.p. 
100—140°/0-4 mm. * Found: N, 3-8. Required, 4-2%. 


2,4-dinitrophenylhydrazone, orange-red needles (from ethanol), m. p. 137° (Found: C, 57-0; H, 
4:5. C,,H,,0;N, requires C, 57-3; H, 4-4%). 

Ether D.—Phenacyl bromide (2 g.) was refluxed in toluene (30 ml.) with silver oxide (3 g.) 
for 12hr. The residue from evaporation of the filtered solution was crystallised from methanol 
and from ligroin. 

Phenacyl Nitrate-—Phenacyl bromide (5 g.) in benzene (10 ml.) was mixed with silver nitrate 
(5 g.) in dry acetonitrile (5 ml.) and reaction completed by warming. The filtered liquid was 
diluted with ether, washed with water, and evaporated, giving an oil which was crystallised 
from methanol (cooled in acetone—carbon dioxide) and then from ligroin. The nitvate formed 
plates, m. p. 53-5—54° (Found: C, 53-2; H, 4:2; N, 7-7. C,H,O,N requires C, 53-0; H, 3-9; 
N, 7:°7%). Phenacyl nitrate 2,4-dinitrophenylhydrazone could not be purified by crystallisation; 
well-washed material had m. p. 176—177° (Found: C, 46-8; H, 3-2. C,,H,,0O,N, requires C, 
46-6; H, 3-0%). 

Ether E.*—This was not produced by the silver salt method. Potassium phenoxide ® (3 g.) 
and 9-bromofluorene (5-6 g.) were refluxed for 5 hr. in xylene (20 ml.). The orange mixture 
was washed with water and distilled. 

Ether F.—9-Bromofluorene (1 g.) in warm benzene was added to silver nitrate (1 g.) in 
benzyl alcohol (5 ml.), causing immediate precipitation of silver bromide. Methanol was 
added, and the liquid filtered, washed with water, and distilled in steam, leaving ether F. 

Ether G.—p-Bromotoluene (40 g.) was brominated in carbon tetrachloride (200 ml.) contain- 
ing dibenzoyl peroxide (2 g.); hydrolysis * then gave 4-bromobenzyl alcohol. The alcohol 
(13 g.) with silver nitrate (20 g.) in warm acetonitrile was added to 9-bromofluorene (9 g.) in 
benzene. The filtrate from precipitated silver bromide was washed with water and evaporated, 
and the residual crude ether boiled with successive quantities of water to remove unchanged 
alcohol. 

Ether H.—This preparation was similar to that of G. 

Ether I.—4-Nitrobenzyl chloride (83 g.) was boiled with sodium formate (54 g.) in formic 


18 Jones and Cook, J. Amer. Chem. Soc., 1916, 38, 1537. 
14 Cf. Bodroux, Bull. Soc. chim. France, 1899, 21, 289. 
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acid (60 ml.) and water (45 ml.) for 24hr. Much of the water and formic acid were distilled off, 
and the lower oily layer separated from the cooled residue; the upper layer deposited a little 
alcohol when kept. The oil was boiled with water, most of it dissolving, leaving an oily residue; 
the solution deposited 4-nitrobenzyl alcohol. After recrystallisation from water the alcohol 
weighed 50 g. and had m. p. 92—93°. It was converted as above into the fluorenyl ether. 

Ethers J, K, and L.—Active a-methylbenzyl alcohol * had [aj,*> +10-6° and —11-09°. 
An excess of each severally was used as solvent with bromofluorene and silver sulphate, and 
the mixtures were diluted with ethanol, filtered, and distilled. 

Ether M.—9-Bromofluorene (1 g.) and p-nitrophenethy] alcohol (7 g.) in acetonitrile (10 ml.) 
reacted with silver sulphate; the ether was extracted by ligroin from an aqueous-methanolic 
solution of the filtered reaction mixture. 

Ether N.—This* was obtained in improved yield by the use of silver sulphate. Silver 
perchlorate (2-1 g.) was added to 9-bromofluorene (2-4 g.) in allyl alcohol (2 ml.), and the 
filtered mixture was diluted with water and methanol and extracted with ligroin (b. p. 60—80°). 
The residue obtained on evaporation of the ligroin was crystallised repeatedly from methanol, 
giving an oxygen-free substance, m. p. 98°, which became pink when kept (Found: C, 61-5; H, 
3-5; Cl, 34:5. C,,H,,Cl, requires C, 62-1; H, 3-5; Cl, 34-4%). 

Ether O.—Silver sulphate was used, with excess of but-2-enyl alcohol as solvent (recovered 
by distillation). Water was added to the residue and the ether extracted with ligroin. This 
(b. p. 120—130°/0-5 mm.), when hydrogenated at room temperature over palladium-charcoal, 
gave fluorenol. The dibromide, prepared in carbon tetrachloride, crystallised from ethanol in 
needles, m. p. 83—-84° (Found: C, 51-3; H, 3-9; Br, 40-0. C,,H,,OBr, requires C, 51-5; H, 
4-0; Br, 40-4%). 

Ether P.—Similarly prepared from 1-methylallyl alcohol,’® this could not be crystallised 
even after chromatography over alumina. Its identity was confirmed by preparation of the 
dibromide, m. p. 146—148° (Found: C, 51-5; H, 41; Br, 40-0%), and by its behaviour on 
ozonolysis.1?7_ Ozonised oxygen (2%) was passed into the ether (0-2 g.) in ethyl bromide at 
—12°, the solvent removed in a vacuum below room temperature, and the ozonide dropped into 
a boiling mixture of water (20 ml.), zinc dust (0-3 g.), quinol (0-01 g.), and 1% silver nitrate 
solution (1 ml.). Water was added as the mixture was distilled and 50 ml. were collected. 
Formaldehyde was determined (37%) in the distillate by the chromotropic acid method,” and 
treatment with dimedone gave 31% of pure derivative, m. p. 186°. The crude dimedone 
derivative was unchanged after being refluxed with acetic acid, and still completely soluble 
in alkali, showing the absence of the acetaldehyde derivative. But-2-enyl fluorenyl ether 
gave similarly 3% of formaldehyde (chromotropic acid) and 60% of acetaldehyde (dimedone 
derivative, m. p. and mixed m. p. 137—139°). Allyl fluorenyl ether gave 39% of formaldehyde. 

Ether Q.—Preparation as in case M, with silver nitrate or sulphate. 

Ether R.—Preparation was as in case G, but with silver sulphate. 

Ether S.—Phosphorus oxychloride (4 ml.) was added to a-methoxy-a-phenylacetamide 
(4 g.) in pyridine (10 ml.), at<100°. The mixture was kept at this temperature for 15 min., 
then diluted with water, and the nitrile *° (2-7 g.) was isolated. 

Ether T.—Phenol (5-5 g.) was allowed to react with sodium dust (1-15 g.) in toluene (25 ml.), 
and methyl «-chloro-«-phenylacetate *4 (8 ml.) was added. After 1 hr. at 100°, the mixture 
was shaken with ether and sodium hydroxide solution, and the methyl phenoxyphenylacetate 
distilled (b. p. mainly 208—210°/23 mm.). Without further purification, it was heated with 
methanolic ammonia for 18 hr. at 68—70°, affording phenoxyphenylacetamide, m. p. 154° (from 
benzene-ligroin) (Found: C, 73-6; H, 5-8; N, 6-7. C,,H,,;0,N requires C, 74-0; H, 5-8; N, 
62%). As above, this afforded the ether T. 

Ether U.—Methy1 «-chloro-a-phenylacetate (9-6 g.) was added to a hot solution of sodium 
(1-4 g.) in benzyl alcohol (22 ml.), and the mixture heated on the steam-bath for 1-5 hr. The 
mixture was diluted with water and extracted with ether, the dried extract evaporated, and the 
residue heated with saturated methanolic ammonia for 22 hr. at 220°. After evaporation of the 

18 Downer and Kenyon, J., 1939, 1156. 

16 Delaby, Compt. rend., 1922, 175, 969. 

1” Cf. Church, Whitmore, and McGrew, J]. Amer. Chem. Soc., 1934, 56, 178. 

18 MacFadyen, J. Biol. Chem., 1945, 158, 107. 

1 McKenzie, Martin, and Rule, J., 1914, 105, 1587. 
* Hess and Dorner, Ber., 1917, 50, 392. 
"| Cf. Darzens, Compt. rend., 1911, 152, 1601. 
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TABLE 2. Transformations of ethers. 


Reagent Temp. Time Products 
Phenacyl ethers 
Benzyl n-BuONa 120° 45 min. HO-CPh(CH,Ph)-CO,H ¢ (25%) 
ol os as 5 min. ais + unchanged ester 
4-Nitrobenzyl 0-5N-BuONa 100 2hr. p-Nitrotoluene (30%); BzOH (6%) 
Allyl n-BuONa 120 lhr. BzOH (little); 
CH,:CH-CH,°CPh(OH)-CO,H * 
(little); much tar 

Phenyl in. Much PhO-CH,°CHPh:-OH;* BzOH; 
no HO-CPh,°CO,H 

Fluorenyl ethers 

Methyl ? n-BuONa . Almost 100% recovery 

Phenyl ” . » * 

Benzyl i - . . 9-Benzylfluoren-9-ol * (70%) 

a KNH,-NH,-Et,0 —30to +10 . Benzylfluorenol; fluorenone 2,4-di- 

nitrophenylhydrazone (30%) 

4-Bromobenzyl n-BuONa 120 . . 9-4’-Bromobenzylfluoren-9-ol ¢ 
(61%); fluorenone dinitrophenyl- 
hydrazone 

4-Iodobenzyl . 9-4’-lodobenzylfluoren-9-ol/ (45%); 
fluorenone dinitrophenylhydr- 
azone 

4-Nitrobenzyl 0-4n-BuONa 3hr. p-Nitrotoluene (55%); fluorenone 
dinitrophenylhydrazone (95%) 

(—)-a-Methylbenzyl 1-4n-BuONa 2hr. (+)-9-«-Methylbenzylfluoren-9-ol 
(80%) * 

- PhLi-Et,0 4 min. ” - »* (60%) 
(+)-a-Methylbenzyl n-BuONa 2 hr. a ai va 
4-Nitrophenethyl 0-7N-BuONa 10 min. Insol. yellow solid;/ fluorenone 

dinitrophenylhydrazone 
Allyl n-BuONa 2hr. 9-Allylfluoren-9-ol * ? 
But-2-enyl ‘a 2hr. , 9-But-2’-enylfluoren-9-ol 
1-Methylallyl - 2 hr. “is ‘i 
Cinnamyl ds 20 min. 9-Cinnamylfluoren-9-ol * (70%) 
a PhLi-Et,O 1 min.* am os » (90%) 


Various 
Diphenylmethy]l 4-nitro- 0-05n-BuONa 2hr. Benzophenone 2,4-dinitrophenyl- 
benzyl hydrazone (35%); p-nitrotoluene 
(12%) 
a-Cyanobenzyl methyl 0-5n-BuONa lhr. NoCN- 
a-Cyanobenzyl phenyl oe lhr. NoCN- 
Allyl a-cyanobenzyl 7 3 min. CN~! (40%); little acetophenone 
2,4-dinitrophenylhydrazone 
Benzyl a-cyanobenzyl we 10 min. CN~ (43%); deoxybenzoin ™ (30%) 
Acetonyl benzyl ™ N-BuONa lhr. Much tar; little oily acid ¢ 


* Identical with a specimen prepared? from 1,3-diphenylpropylene oxide; oxidised by sodium 
dichromate in acetic acid to deoxybenzoin, identified as 2,4-dinitrophenylhydrazone. No non-acidic 
individual substance could be isolated, but presence of benzyl phenyl diketone was suspected. ° The 
oily «-hydroxy-«-phenylpent-4-enoic acid, not volatile in steam, did not crystallise, and was boiled 
for 20 hr. with hydriodic acid and red phosphorus. Steam-distillation gave «-phenylvaleric acid,’ m. p. 
and mixed m. p. 44—47° (from ligroin; identified as amide, m. p. 82—84°). * M. p. 61° (lit.,7 63— 
64°) (from ligroin) (Found: C, 78-7; H, 6-6. Calc. for C,,H,,O,: C, 78-5; H, 66%). 4 Did not 
crystallise, even when seeded with benzylmethylglycollic acid.* When boiled with cadmium carbonate 
in methanol, this acid gave no crystallisable salt; under these conditions benzylmethylglycollic acid 
readily gave a cadmium salt, very hygroscopic needles from methanol containing a little acetic acid 
(Found: C, 50-7; H, 4:8. C, 9H,,0,Cd requires C, 51-0; H, 4:7%). * New; m. p. 144—145° (from 
benzene-ligroin) (Found: C, 67-9; H, 4-7. C,)H,,OBr requires C, 68-4; H, 4-3%). 4 New; m. p. 
153—154° (from ligroin) (Found: C, 59-8; H, 3-9. C.9H,,OI requires C, 60-3; H, 3-8%). 9% New; 
needles, m. p. 78—80°, from ligroin (Found: C, 88-0; H, 6-8. C,,H,,O requires C, 88-1; H, 6-3%). 
* M. p. 79—82°. ‘ M. p. 78-5—79°. Products g, h, i were inactive in alcohol and in chloroform; after 
several months each specimen had m. p. 105°; the substance is evidently dimorphous. 4/4 Could not 
be purified; m. p. 220° (Found: C, 75-6; H, 5-4; N, 5-3%). * New; m. p. 85—86-5° (from ligroin) 
(Found: C, 88-7; H, 6-0. C,,H,,O requires C, 88-5; H, 6-1%). The alcohol (0-15 g.) in cold acetic 
acid, was treated with sulphuric acid (2 drops); a yellow colour developed, followed by a precipitate 
(0-11 g.), recognised as 9-cinnamylidenefluorene.! ! By titration with silver nitrate. ™ Identified as 
2,4-dinitrophenylhydrazone. The same rearrangement was effected by other reagents, including 
sodium acetate in boiling ethylene glycol; but under all effective conditions, deoxybenzoin is partially 
destroyed. * Ullmann and von Wurstemberger, Ber., 1905, 38, 4108. »” Backer and Strating, Rec. 
Trav. chim., 1941, 60, 402. ¢* Widman, Ber., 1916, 49,477. * Pickard and Yates, J., 1909, 95, 1017; 
Baeyer and Co., G.P. 249,241, Chem. Zenir., 1912, II, 396. ‘* Michael and Gabriel, Ber., 1879, 12, 
815. ‘* Kuhn and Winterstein, Helv. Chim. Acta, 1928, 11, 116. 
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methanol, a-benzyloxy-a-phenylacetamide (~15%) separated, which crystallised from methanol 
in needles, m. p. 134—135° (Found: N, 5-6. C,,H,,0,N requires N, 58%). It gave, as above, 
the ether U. 

Ether V.—Silver oxide (29 g.) was added to methyl mandelate (20-5 g.) in allyl bromide 
(15 g.) with cooling, and the mixture was heated on the steam-bath for 4 hr. The silver salts 
were filtered off and washed with methanol, and the residue from evaporation of the filtrates 
was kept in methanolic ammonia for 16 hr. The methanol was distilled and the residue shaken 
with water, ligroin, and a little ether. The solid allyloxyphenylacetamide which separated 
crystallised from water in needles, m. p. 74° (Found: C, 69-0; H, 6-3. C,,H,,0,N requires 
C, 69-1; H, 68%). It was converted as above into ether V. 

«-Allyloxyacetamide.—Silver oxide (34 g.) was added slowly to ethyl lactate (10 g.) and allyl 
bromide (17 ml.), and the initially vigorous reaction completed on the steam-bath (4 hr.). The 
filtered mixture was distilled, giving diallyl ether and a higher-boiling fraction which was shaken 
with 5% potassium hydroxide solution to remove ethyl lactate. Distillation then gave ethyl 
a-allyloxypropionate (2 g.), b. p. 50°/15 mm. (Found: C, 60-7; H, 8-95. C,H,,O, requires C, 
60:7; H, 89%). With methanolic ammonia in the cold it gave the amide, b. p. 107°/20 mm., 
m. p. 41° (from ligroin) (Found: C, 55-8; H, 8-4; N, 10-9. C,H,,O,N requires C, 55-8; H, 
8-6; N, 10-9%). The low yields discouraged further work in this series. 

Transformations of the Ethers.—Identification of known solids implies in general the use of 
mixed m. p.s. Steps were usually taken to exclude air during the reactions. The products 
were separated into acidic and non-acidic, steam-volatile and non-volatile portions. Reaction 
conditions and products are assembled in Table 2. The products of rearrangement of fluorenyl 
ethers were often contaminated with fluorenol, best removed by refluxing ethanolic potassium 
ethoxide solution, with exposure to air, which effected oxidation to fluorenone.®* 

(a) To sodium (1-2 g.) in ethanol (30 ml.) were added phenol (6 g.) and styrene chloro- 
hydrin ** (5-2 g.), and the whole was refluxed for 5hr. After dilution with water, 2-phenoxy-2- 
phenylethanol was extracted with ligroin and had m. p. 78—79° (lit.,* 80—81°) after recrystal- 
lisation (Found: C, 78-2; H, 6-7. Calc. for C,,H,,0,: C, 78-5; H, 66%). 

(b) But-2-enyl 9-fluorenyl ether gave a crude solid (80%), m. p. 85—100°; after being 
refluxed with ethanolic potassium ethoxide, this 9-but-2’-enylfluoren-9-ol had m. p. 106—108° 
(Found: C, 86-0; H, 6-6. C,,H,,O requires C, 86-4; H, 6-8%). Hydrogenated over Raney 
nickel at room temperature in ethanol for 2-5 hr., the crude rearrangement product gave 65% 
of 9-n-butylfluoren-9-ol,24 m. p. 124—126°; the pure 9-but-2’-enylfluoren-9-ol gave 65% of 
pure butylfluorenol, m. p. and mixed m. p. 129—130°. On ozonisation, as described for fluorenyl 
l-methylallyi ether, the crude product of rearrangement gave 4-3% of formaldehyde (chromo- 
tropic acid method) and 34% of acetaldehyde (as dimedone derivative). In a comparative 
experiment, allylfluorenol gave 26% of formaldehyde (chromotropic acid) and 28% of formal- 
dehyde dimedone derivative, with no evidence of acetaldehyde. 

(c) 9-Fluorenyl 1-methylallyl ether gave crystalline but-2’-enylfluorenol (80%), which afte1 
purification had m. p. and mixed m. p. 109—110° (Found: C, 86-2; H, 68%). The pure 
product gave on hydrogenation 9-n-butylfluoren-9-ol in good yield; the crude material gave 
80% of material, m. p. 121—124°, and thence after three crystallisations 50% of material, m. p. 
125—126°. Ozonolysis of the crude rearrangement product gave 3% of formaldehyde (chromo- 
tropic acid) and 43% of acetaldehyde (as above). 

(d) Attempts to prepare 9-s-butylfluoren-9-ol by Grignard reaction gave only fluorenol, and 
the rearrangement of 9-fluorenyl s-butyl ether could be effected neither by ethereal phenyl- 
lithium nor by potassium amide in liquid ammonia. The ether was prepared from 9-bromo- 
fluorene (6 g.) in butan-2-ol (100 ml.) and acetonitrile (5 ml.) with silver sulphate. It was 
purified by chromatography on.alumina from ligroin (b. p. 40—60°), and crystallised from 
ligroin or methanol (cooling with acetone-carbon dioxide). 9-Fluorenyl s-butyl ether formed 
needles, m. p. 27—28° (Found: C, 85-0; H, 7-4. C,,H,,O requires C, 85-7; H, 7-6%). 


We thank the Department of Scientific and Industrial Research for a Maintenance Grant 
(to J. C.) and the Carnegie Trustees for a Research Scholarship (to J. H.). 
THE UNIVERSITIES OF GLASGOW AND SHEFFIELD. [Received, December 30th, 1959.] 


*2 Cf. Cohen, Rec. Trav. chim., 1919, 38, 119. 
3 Detoeuf, Bull. Soc. chim. France, 1922, $1, 176. 
* Sprinzak, J. Amer. Chem. Soc., 1952, '74, 2116. 
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707. Some Alkyl p-Phenylazobenzoates and Ferrocenecarboxylates. 
By N. Baccett, A. B. Foster, A. H. Hangs, and M. Stacey. 


The preparation and light-sensitivity of various p-phenylazobenzoates 
are recorded. From the chromatographic properties of such esters of 1,3- 
dioxan derivatives, and of certain ferrocenecarboxylates, the réle of ring- 
oxygen atoms and other groupings in adsorption on alumina is deduced. 


THE p-phenylazobenzoates in the Table were obtained during preparation of a series of 
alcohols for infrared spectroscopic examination. Their crystallinity makes them useful * 


Alkyl p-phenylazobenzoates and ferrocenecarboxylates. 


Data on Ester Derivatives 





Se eeal. gait *> 
Vield Found (%) Required (%) , 
Alkyl (%) M. p. Formula Cc H N Cc _ (10-3 e) 
p-Phenylazobenzoates 
aE © cc cncdesosccsoneavess 75 85° C,,H,,N,O, 324 (26-0) 
BEE ccccccpoccscece 59 §©85—86 C,,H,,N,O, 323 (24-2) 
Cyclohexyl ® ............... 68 85—87 C,,H,.N,O, 325 (29-2) 
Tetrahydropyran-3-yl... 60 114—115 C,,H,,N,O, 69-85 58 88 69-7 58 9-0 325 (26-9) 
Tetrahydropyran-4-yl... 30 129—131 C,,H,,N,O, 69°85 5-7 89 69-7 58 9-0 324 (22-6) 
1,3-O-Methyleneglycerol 64 175—176 C,,H,,N,O, 656 5-1 88 65-4 5-1 9-0 325 (23-8) 
Tetrahydropyran-2-yl- 

GNOUIIS | cccvecsceccisccese 66 80—82 C,,H..N,O, 70-3 62 85 70-4 62 8-6 325 (27-4) 
4-Formylbuty] ............ 31 65—66 C,,H,,N,0O, 696 61 89 69:7 58 9-0 325 (26-8) 
Cyclopentylmethyl ...... 30 72—73 CyHN,O, 74:15 63 89 740 655 91 
Tetrahydrofurfury] ...... 70 84—85 C,,H,,N,O, 698 5:7: 91 69-65 59 9-0 
1,2-O-Methyleneglycerol 70 108—110 C,,H,,.N,O, 65-55 54 88 654 52 90 
cis-4-Phenylcyclohexyl 68 109—110 C,,H,,N,O, 78:2 65 --6-7 781 63 7:3 
trans-4-Phenylcyclo- 

RANE wecseseivecesersseese 80 156—157 C,,H,,N,O, 77-9 6-3 78-1 63 
5a-Cholestan-3a-yl ...... 60 107—109 CyH,N,O, 80:2 94 44 8045 95 4-7 
5a-Cholestan-3f-yl ...... 50 187—194 C,H,.N,O, 80-6 94 50 80-45 95 4-7 
Ethylene (bisester) ...... 79 211—214 C,,H,.N,O, 69-95 43 11-9 70:3 46 11-7 325 (20-5)¢ 
Glycerol (l-ester) ...... 90 150—151 C,,H,,N,0, 63-6 5-2 64-0 5-4 
cis-1,3-O-Benzylidene- 

SETORTOR 0500ccrcetecccces 65 209—210 C,,H,N,O, 71-1 49 7:15 71-1 52 7:2 
1,2-O-Isopropylidene- 

glycerol ............2-+++ 63 81—82 C,,H,,N,O, 67-0 59 81 67:0 59 82 

Ferrocenecarboxylates 
Cc H Fe Cc H Fe 
1,3-O-Methyleneglycerol 35 110—112 C,,H,,FeO, 57-0 5-0 57-0 5-1 
cis-4-Phenylcyclohexyl 34 88 C,,H,,FeO, 70:8 65 142 71-1 62 144 
trans-4-Phenylcyclohexyl 35 175—176 C,,H,,FeO, 71:7 6-3 71-1 6-2 
* In EtOH. * Cf. Woolfolk et al.* ¢ In CHC\. 


for characterisation,? e¢.g., for tetrahydropyran-3-ol for which other methods failed.™ 
Tetrahydropyran-2-ol (5-hydroxypentanal) gave mainly 5-p-phenylazobenzoyloxypentanal, 


* Other reagents have also been used for labelling alcohols * * 5 and acids * with azobenzene-contain- 
ing residues. 

1 (a) Brimacombe, Foster, Stacey, and Whiffen, Tetrahedron, 1958, 4, 351; (b) Barker, Brimacombe, 
Foster, Whiffen, and Zweifel, ibid., 1959, 7, 10; (c) Brimacombe, Foster, and Haines, J., 1960, 2582. 

* Woolfolk, Beach, and McPherson, J. Org. Chem., 1955, 20, 391; Bergel and Cohen, J., 1941, 795; 
Baxter, Robeson, Taylor, and Lehman, J. Amer. Chem. Soc., 1943, 65, 918; Bohlmann, Winterfeld, and 
Brackel, Chem. Ber., 1958, 91, 2194. 

3 Reich, Compt. rend., 1939, 208, T48; Biochem. J., 1939, 38, 1000. 

* Craw and Sutherland, Univ. Queensland Papers, Dept. Chem., 1948, 1, No. 31; Chem. Abs., 1950, 
44, 3945. 

® Hurd and Zelinsky, J. Amer. Chem. Soc., 1947, 69, 243; Nasuyama, J. Chem. Soc. Japan, 1949, 
70, 232. 

* Silberman and Silberman-Martyncewa, J. Biol. Chem., 1946, 165, 351. 
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a surprising result since the alcohol exists in solution predominantly as the cyclic hemi- 
acetal»? The authentic open-chain ester was obtained by acylation of 5-hydroxy- 
pentanal diethyl thioacetal followed by demercaptalation. 

The p-phenylazobenzoate of cis-1,3-O-benzylideneglycerol was readily obtained but 
under similar conditions trans-1,3-O-benzylideneglycerol gave mainly the cis-ester, 
illustrating further the tendency of the ¢rans-alcohol to isomerise on esterification.® 
A possible route to the trans-ester would be by condensation of benzaldehyde with 
glycerol 2-ester (cf. Bergmann and Carter *), but removing the benzylidene residue 1 from 
cis-1,3-O-benzylideneglycerol 2-p-phenylazobenzoate resulted in acyl migration ™ 
and yielded glycerol 1-p-phenylazobenzoate. The authentic l-ester was obtained by 
treating 2,3-O-isopropylideneglycerol 1-f-phenylazobenzoate with 2,4-dinitrophenyl- 
hydrazine.” 

The photosensitivity of the trans-p-phenylazobenzoates listed in the Table is not 
inconveniently high since chromatographically homogeneous products were usually 
obtained providing that the preparations were performed in subdued diffuse light. 
However, short exposure to sunlight or ultraviolet radiation caused the formation of 
cis-esters which had a much higher affinity for alumina than did the ¢rans-isomers (cf. 
Cook and Jones 3), 

Brief irradiation of ethylene di-(f-phenylazobenzoate), which presumably has the 
trans,trans-configuration, gave a mixture of three components: A, the trans,trans-com- 
pound which had the lowest affinity for alumina; B, with Amax, 325 (¢ 14,000) and 267 my 
(e 6200); C, which had the greatest: affinity for alumina and max. 325 and 268 my. Birn- 
baum ef al.4 found Amax, 263 my for the cis-forms of ethyl and isopropyl #-phenylazo- 
benzoate. Products B and C were not obtained crystalline and only a trace of C was 
formed. It is probable that A, B, and C have respectively the trans,trans-, cis,trans-, 
and cis,cis-configuration at the azo-linkages. 

A complex mixture of stereoisomers could result on irradiation of sugar poly-p-phenyl- 
azobenzoates, with consequent complication of the chromatographic behaviour; hence 
precautions should be taken to minimise isomerisation if maximum resolution is to be 
obtained in their chromatography. 

trans-1,3-O-Benzylideneglycerol (equatorial hydroxyl group) has a greater affinity for 
alumina in chromatography * than does the cis-isomer (axial hydroxyl group); similar 
behaviour is exhibited by the structural analogues cis- and trans-4-phenylcyclohexanol.% 
However, with the acetates,® benzoates,!* and methyl 1® and benzyl ethers ® of the 1,3-0- 
benzylideneglycerols the cis-isomer in each case, surprisingly, has the greater affinity for 
alumina. That the ring-oxygen atoms are involved to an important extent in the 
adsorption of the cyclic acetals on alumina is shown by the much firmer adsorption of the 
p-phenylazobenzoate of cis-1,3-O-benzylideneglycerol than of cis-4-phenylcyclohexanol. 
Further, the ring-oxygen atoms are apparently not simultaneously important since a mixture 
of tetrahydro-3-p-phenylazobenzoyloxypyran (one ring-oxygen atom) and 1,3-O-methylene- 
glycerol 2-p-phenylazobenzoate (two ring-oxygen atoms) could not be resolved. Similar 
results were obtained with the #-phenylazobenzoates of cyclopentylmethanol, tetra- 
hydrofurfuryl alcohol, and 2,3-methyleneglycerol. Further analysis of the phenomenon 
is complicated by the fact that the six-membered cyclic acetals are flexible, so that the 


7 Hurd and Saunders, J. Amer. Chem. Soc., 1952, '74, 5324. 

8 Baggett, Brimacombe, Foster, Stacey, and Whiffen, J., 1960, 2574. 

® Bergmann and Carter, Z. physiol. Chem., 1930, 191, 211. 

10 Karrer, Helv. Chim. Acta, 1954, 37, 379; Martin, J. Amer. Chem. Soc., 1953, 75, 5482. 

1 Cf. Daubert and King, J. Amer. Chem. Soc., 1938, 60, 3003. 

12 Cf. Fischer, Ber., 1920, 58, 1589. - 

8 Cook, J., 1938, 876; Cook and Jones, J., 1939, 1309; Burawoy, J., 1937, 1869; Cook, Jones, and 
Polya, J., 1939; 1315. 

4 Birnbaum, Linford, and Style, Trans. Faraday Soc., 1953, 49, 735. 

18 Ungnade, J. Org. Chem., 1948, 18, 361. 

18 Dobinson and Foster, unpublished results. 
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conformation of the adsorbed molecules is unknown but might be different from that 
which predominates in solution. 


Although the chromatographic properties of #-phenylazobenzoates may depend on 
various structural features *-417.18 they are not often affected by stereochemical variations 
in the alkyl residue although mixtures of some of the isomeric carbohydrate polyesters 
can be resolved.7 We have found that mixtures of 5«-cholestan-3«- and -38-yl and of 
cis- and trans-4-phenylcyclohexyl p-phenylazobenzoate cannot be separated on alumina 
whereas the parent alcohols and other esters are readily separable. This effect may 
be due to the bulk of the azo-ester group and/or its dominance in the array of polar centres 
involved in adsorption. To distinguish between these possibilities, chromatography of some 
ferrocenecarboxylates was examined since they have a molecular weight similar to that 
of the analogous azo-esters and, moreover, ferrocene itself is less strongly adsorbed than 
trans-azobenzene. A mixture of cis- and trans-4-phenylcyclohexyl ferrocenecarboxylate 
could not be resolved so that their use is not advantageous in this case. When mixtures 
of (a) cyclohexyl ferrocenecarboxylate and -phenylazobenzoate and (b) trans-4-phenyl- 
cyclohexyl ferrocenecarboxylate and #-phenylazobenzoate were chromatographed on 
alumina the azo-ester was eluted first in both cases. This behaviour may be explained if 
largely the ester-carbonyl groups are assumed to be involved in adsorption. The K, 
values of f-phenylazobenzoic and ferrocenecarboxylic acid (1-41 x 10° and 1-35 x 10* 
respectively in 50% aqueous ethanol at 18°) indicate that the azobenzene group has a 
greater —I effect. Thus, in the esters, the dipolar character of the carbonyl group, and 
hence the affinity for alumina, would be less for the azo-esters than for the ferrocene- 
carboxylates. 


EXPERIMENTAL 


Preparation of p-Phenylazobenzoates—Commercial p-phenylazobenzoyl chloride, after 
recrystallisation from light petroleum (b. p. 60—80°), had‘m. p. 93° and (in Nujol mull) vy; 
1740 and 1770 cm. (C=O); benzoyl chloride *° has v,,, 1736 and 1773 cm.}. 

The azo-esters in the Table were prepared essentially by the method of Woolfolk e¢ al. 
The tetrahydropyran, tetrahydrofuran, 1,3-dioxan, and 1,3-dioxolan derivatives were prepared 
as previously described,” and the remaining alcohols as follows: 4-phenylcyclohexanols, 
ref. 15; 5a-cholestan-3«-ol, ref. 21, and -38-ol, ref. 22; cyclopentylmethanol, ref. 23. 

Recrystallisation of the crude product from tetrahydropyran-2-ol gave 5-p-phenylazobenzoyl- 
oxypentanal (31%), m. p. 65—66°, vax (KCl disc) 1725 (C=O) and 2740 cm. (aldehyde-CH). 
Chromatography of the mother-liquors on alumina gave A (ca. 2 mg., 0-3%), m. p. 83—84°, 
Vmax. (KCI disc) 1702 cm.~? (C=O) (no absorption for aldehyde CH), followed by a further amount 
5-p-phenylazobenzoyloxypentanal; traces of several other components were also present. 

tvans-1,3-O-Benzylideneglycerol reacted with -phenylazobenzoyl chloride much less 
readily than did the cis-isomer. A solution of ¢vans-1,3-O-benzylideneglycerol (80 mg., m. p. 
64—65°) in dry pyridine (4 ml.) was treated with a slurry of the acyl chloride (170 mg., 3 mol.) 
in dry pyridine (4 ml.) at 40° for 3 days, yielding a crude product (58-3 mg., 34%) from which 
was separated cis-azo-ester (34-3 mg.), m. p. and mixed m. p. 210°. Chromatography of the 
mother-liquor on alumina gave material (16 mg.; eluted with ether), m. p. 185°, raised to 
191—192° by recrystallisation from benzene-light petroleum (b. p. 60—80°), and then the 
cis-azo-ester (14 mg.), m. p. 205°, raised by recrystallisation to 209—210°. On slight change 
of the conditions the cis-ester predominated but the m. p. of the second component varied 
widely. 

17 Coleman et al., J. Amer. Chem. Soc., 1942, 64, 1501; 1943, 65, 1589; 1945, 67,381; Mertzweiller 
Carney, and Farley, ibid., 1943, 65, 2367; Boissonnas, Helv. Chim. Acta, 1947, 30, 1689, 1703. 

18 Umberger and Curtis, J. Biol. Chem., 1949, 178, 265; Coffman, J. Biol. Chem., 1941, 140, xxviii; 
ne and Wallis, J. Org. Chem., 1939, 3, 294; Schroeder, Ann. New York Acad. Sci., 
1948, 49, . 

1® Brooks, Klyne, and Miller, Biochem. J., 1953, 54, 212. 

#0 Rasmussen and Brattain, ]. Amer. Chem. Soc., 1949, 71, 1073. 

#1 Vavon and Jakubowicz, Bull. Soc. chim. France, 1933, 58, 584. 


22 Nace, J. Amer. Chem. Soc., 1951, 78, 2379. 
23 Noller and Adams, J]. Amer. Chem. Soc., 1926, 48, 1080. 
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Careful chromatography on alumina of the crude product obtained on acylation of cis-1, 3-0- 
benzylideneglycerol revealed a single component. 

A solution of cis-1,3-O-benzylideneglycerol 2- -p-phenylazobenzoate (19 mg.) in dry chloroform 
(2 ml.) was treated with a trace of sodium methoxide in dry methanol (1 ml.) at room tem- 
perature overnight. Water (0-5 ml.) was then added and the mixture neutralised with carbon 
dioxide. After evaporation the residue was chromatographed on alumina. Methyl p-phenyl- 
azobenzoate (12 mg.), m. p. 125° [from light petroleum (b. p. 60—80°)}, was eluted with benzene, 
followed by cis-1,3-O-benzylideneglycerol (9 mg.; m. p. 80°) on elution with ether. 

Synthesis of 5-p-Phenylazobenzoyloxypentanal.—A solution of 5-hydroxypentanal diethyl 
thioacetal? (1 g.; b. p. 134—136°/~8 mm.) in dry pyridine (20 ml.) was treated with 
p-phenylazobenzoyl chloride (1-4 g., 1-1 mol.) at room temperature for 15 hr. On dilution 
with ice-water an oil, presumably 5-phenylazobenzoyloxypentanal diethyl thioacetal, was 
formed. Extraction with chloroform and concentration of the extract gave a residue (1-8 g.) 
which was dissolved in water (2 ml.) and acetone (10 ml.). After addition of cadmium 
carbonate (2 g.) the mixture was vigorously stirred and treated with mercuric chloride (2-7 g.) 
in acetone (3 ml.) during 15 min. After a further 24 hours’ stirring the mixture was diluted 
with acetone, filtered, and evaporated. Recrystallisation of the residue from light petroleum 
(b. p. 60—80°) gave 5-p-phenylazobenzoxypentanal (0-44 g., 30%), m. p. 67—68° alone or in 
admixture with the product obtained on acylation of tetrahydropyran-2-o0l; the two esters 
gave indistinguishable infrared spectra (KCl discs and ~10% solutions in CHCl). A second 
product (0-13 g., 9%), m. p. 78—80°, was obtained from the mother-liquors, apparently a 
dimorph since the infrared spectra (KCl discs) were indistinguishable. 

Glycerol 1-p-Phenylazobenzoate.—A solution of 2,3-O-isopropylideneglycerol p-phenylazo- 
benzoate (60 mg.) in dioxan (10 ml.) was heated with 2,4-dinitrophenylhydrazine (65 mg.) in 
methanol (15 ml.) containing concentrated hydrochloric acid (0-25 ml.) at 80° for 2 hr., then 
evaporated in vacuo. The residue was passed in chloroform through a short column of alumina. 
After dilution with chloroform elution with methanol—chloroform (1:4 v/v) isolated glycerol 
1-p-phenylazobenzoate (48 mg.), m. p. 150—151° [from ether-light petroleum (b. p. 60—80°)]. 

Preparation of Ferrocenecarboxylates——A solution of ferrocenecarboxylic acid * [0-1 g.; 
m. p. 160—170° (decomp.)] in dry benzene (1-1 ml.) was stirred at room temperature for 2 hr. 
with phosphorus pentachloride (100 mg.), then filtered; benzene was removed from the filtrate 
by freeze-drying, yielding syrupy acid chloride. (The acid chloride has recently been obtained 
crystalline.**) A solution of 1,3-O-methyleneglycerol (84 mg.) in dry pyridine (1-1 ml.) was 
added and the mixture was stored overnight at room temperature, then poured into water and 
extracted with chloroform, and the chloroform extract washed with ice-cold N-hydrochloric 
acid, 10% aqueous cadmium chloride, and water. Ferrocenecarboxylic acid was removed by 
passage of the chloroform solution through a short column of alumina and elution with the 
same solvent. Evaporation of the eluate gave 1,3-O-methyleneglycerol 2-ferrocenecarboxylate 
(100 mg.). 

The ferrocenecarboxylates included in the Table were prepared essentially by the above 
method. 

Chromatography.—Alumina of activity Brockmann III was used.* The ratio of adsorbent 
to adsorbed material was usually ~6:1. It was necessary to protect the columns from the 
direct sunlight or fluorescent light for both the azo-esters and the ferrocenecarboxylates. The 
identity of components eluted from the columns was established wherever possible by their 
m. p.s and infrared spectra. 


The authors thank Drs. D. H. Whiffen and K. J. Morgan for assistance with infrared spectro- 
scopy. One of them (N. B.) thanks D.S.I.R. for a grant. 


CHEMISTRY DEPARTMENT, THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM, 15. (Received, February 2nd, 1960.} 


* Rinehart, Motz, and Sung Moon, J. Amer. Chem. Soc., 1957, 79, 2753. 
*5 Lan and Hart, J. Org. Chem., 1959, 24, 280. 
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708. Periodate Oxidation. Part V1 Further Reactions of Periodate- 
oxidised Methyl 4,6-O-Benzylidene-«-D-glucoside and of Some Related 
Compounds.* 

By R. L. CotBran, R. D. GUTHRIE, and MARGARET A. PARSONS. 


Reactions of periodate-oxidised methyl 4,6-O-benzylidene-a-p-glucoside 
with ethylene glycol, piperidine, ethylenediamine, and substituted hydrazines 
have confirmed that in solution there is an equilibrium between its dialdehyde 
and hemialdal forms. The periodate oxidation products of methyl 4,6-0-0- 
and 4,6-O-p-chlorobenzylidene- and methyl 4,6-O-o-bromobenzylidene-«-p- 
glucosides are similar to that from methyl 4,6-O-benzylidene-«-p-glucoside. 
A hemialdal structure has been proved for 2-(4-carboxy-5-methyl-2-furyl)di- 
glycollic aldehyde and the corresponding 4-acetyl compound. 

Reduction of periodate-oxidised methyl 4,6-O-benzylidene-«-D-glucoside 
gave the corresponding diprimary alcohol (XIV), whose analysis has led to a 
study of Gran’s method for methoxyl determination. 


REACTION of periodate-oxidised methyl 4,6-O-benzylidene-a-D-glucoside with amines has 
shown that derivatives of either the dialdehyde (I; R = Ph) or the hemialdal hydrate 
(II; R = Ph) are formed.? These findings are now substantiated. Derivatives (III) of 
the hemialdal form have been obtained with piperidine, the first derivative obtained from 
this type of compound and a secondary amine, and (IV; » = 2) with ethylenediamine; 


pr —CH, CH, 
“as ‘= RCH AK is 
Me ‘OMe, H,O 
CHO CHO oe thou «ly 
| aa CH, ae CH2 


Be ~< es dn Ph-CH es os 
(111) C) () a (IV) 


the latter compound, which contains a new heterocyclic system, was hydrolysed by picric 
acid to yield ethylenediamine picrate. The structures of these new derivatives and of 
others now reported were based on infrared and elemental analyses. Reaction of the 
periodate-oxidised sugar (II; R = Ph) with trimethylenediamine did not give the hetero- 





— ——_—een — r aie ‘ 
\ 4 = \OX SZ SES \ KI ae. A{cH] On 4 
CHO CHO CH CHO HO” CH HC 5 

fe) Oo _ OH OH " 
(I; R= Ph) [CH,],-OH [CH,],-OH 
(v) (VI) (VII) 


cyclic compound (IV; = 83), but only starting compound, suggesting the possible 
instability of the fused ring system in the expected product. Reaction of the compound 

* Part of this Pei was presented at the 135th Meeting of the American Chemical Society, April, 
1960, at Cleveland, Ohio. 


1 Part IV, Honeyman and Shaw, J., 1959, 2454. 
* Guthrie, Honeyman, and Parsons, J., 1959, 2449. 
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(II; R = Ph) with ethylene glycol could give rise to two products (VI or VII), depending 
on the ring closure of the intermediate aldehydo-hemiacetal (V). Acetylation of the 
product gave a compound with two absorption bands in the >C=O stretching region at 
1760 and 1743 cm.1. This is evidence in favour of formulation (VI), which would give a 
derivative with one primary and one glycosidic acetoxy-group, whereas formulation (VII) 
contains two of the latter. The diacetates of (II; R = Ph) and of periodate-oxidised 
methyl a-L-rhamnoside both have carbonyl absorption at a higher frequency than those 
quoted for aliphatic acetates (1750—1735 cm.*).8 Hence the diacetate of (VII) should 
have carbonyl absorption at frequencies greater than 1750 cm. , whilst the diacetate of 
(VI) would have one greater and one less than this value. Crystallisation of (VI) from 
water gave the hemialdal hydrate (II; R = Ph), a characteristic reaction of hemialdal 
alcoholates.* 

The reaction of periodate-oxidised methyl 4,6-O-benzylidene-«-D-glucoside with sub- 
stituted hydrazines was studied in an attempt to prepare compounds analogous to that 
obtained with phenylhydrazine.* 

O—CH, p-Nitrophenylhydrazine hydrochloride in water gave only 


/ re) the dialdehyde bis-f-nitrophenylhydrazone (VIII; R= 
Ph:CH p-NO,°C,H,) even with a 1 : 1 proportion of reactants, or when 
od OMe the reaction was carried out in methanol. Similar results were 


1 i obtained with excess of 2,4-dinitrophenylhydrazine and of 


in isonicotinoylhydrazine, giving the products [VIII; R= 
R'NH NHR (VIII) 2.4-(NO,).°CgH] and [VIII; R = C,H,N-CO], respectively. 
The dialdehyde bis-semicarbazone (VIII; R = NH,°CO) was obtained when (II; R = Ph) 
was treated with excess of semicarbazide hydrochloride in water or ethanol. 

(II; R= Ph) dissolved readily in ethanolamine and a crystalline derivative was 
obtained whose structure has not yet been deduced. A molecular-weight determination 
by X-ray crystallography and elemental analysis indicated that one molecule of ethanol- 
amine had condensed with one molecule of (II; R = Ph) with the elimination of three 
molecules of water. However, the infrared spectrum of the product had no -OH, >NH, 
‘C=O, or >C=N- absorption. Reaction of (II; R = Ph) with ammonia or with hydrazine 
yielded derivatives whose structures are now being studied. 

For X-ray study a series of analogues of (II; R = Ph) have been prepared, each 
containing a halogen atom in the arylidene group. Methyl 4,6-O-0- and 4,6-0-f-chloro- 
benzylidene- and methyl 4,6-O-o-bromobenzylidene-«-D-glucosides had infrared absorptions 
about 1600—1500 cm."!, due to the benzylidene group, whereas most 4,6-O-benzylidene 
derivatives of aldoses are anomalous in not absorbing in this region.5 The three com- 
pounds reduced one molecular proportion of periodate and gave crystalline dialdehyde 
dihydrates to which hemialdal hydrate structures have been assigned (II; R = 0-Cl-C,H,, 
p-Cl’C,H,, or o-Br-C,H,). The oxidations were carried out in aqueous methanol because 
of the insolubility of the starting compound in water. Isolation of the dialdehyde 
methanolates was avoided by removal of the methanol at the end of the reaction. Methyl- 
ation, benzoylation, and reaction with methanol, cyclohexylamine, or aniline have shown that 
these products are similar to periodate-oxidised methyl 4,6-O-benzylidene-a-p-glucoside.*-4 

On analytical and infrared spectral evidence a hemialdal structure has been suggested © 
for the periodate oxidation me (X; R? = OH or Me, R? = OH) of 5-(1,4-anhydro-p- 
arabinotetrahydroxybutyl)-2-methyl-3-furoic acid (IX; R = OH), and of 5-(1,4-anhydro- 
D-arabinotetrahydroxybutyl)-2-methyl-3-furyl methyl ketone (IX; R= Me). Polaro- 
graphic data’ show that equilibrium exists between reducible and non-reducible forms in 


* Bellamy, “ Infrared Spectra of Coniplex Molecules,” Methuen, London, 1958. 

* Guthrie and Honeyman, J., 1959, 2441. 

* Barker, Bourne, and Stephens, Methods of Biochim. Analysis, 1956, 3, 213. 
- * Garcia Gonzalez, Lépez Aparicio, and Ortiz Rizo, Anales real Soc. espan. Fis. Quim., 1956, 52, B, 
7 Lépez Aparicio and Piazza Molin, ibid., p. 723. 
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solution. These periodate-oxidation products have now been methylated to yield products 
(X; R! = OMe or Me, R? = OMe) with two methyl ether groups, proving that these com- 
pounds have reacted in their hemialdal forms. As would now be expected, the hemi- 
aldals showed complex mutarotations in water and pyridine. 

Jones ® suggested structure (XI) for the compound formed by dehydration of the 
hydrolysed condensation product of D-glucose and ethyl acetoacetate, and hence (XII; 
R! = CO,H, R? = CHO) for its periodate-oxidation product. The latter had the analysis 
of the anhydrous dialdehyde, and when methylated with Purdie’s reagents gave a 
derivative which, on the basis of methoxyl content, was considered to be the triester (XII; 
R! = R? = CO,Me). When Garcia Gonzalez e al.® later showed that the compound 
assumed by Jones to have structure (XI) was (IX; R = OH), it was assumed ® that the 
methylated oxidation product was the corresponding triester (XIII). By means of 
elemental and infrared analysis we have shown that the methylation product is (X; R! = 
R? = OMe). The latter compound and (XIII) have similar methoxyl contents, but in the 
carbonyl region of the infrared spectrum the methylated oxidation product had only 
a8-unsaturated ester absorption, and lacked saturated ester absorption expected for 
(XIII). The periodate-oxidation product of (IX; R= OH) has been found to be a 
“ dialdehyde hydrate’ by Garcia Gonzalez ® and by the present authors, contrary to 
Jones’s findings; * no anhydrous dialdehydes of this type have yet been isolated directly 
from a periodate oxidation. 


HO OH ° 

R*CO ¥-005 on S 

al H 
*No ° OH 


(IX) xn H OH 


O—CH?2 


oi _* on DG CO,Me CO,Me / io 
Ph:CH 
R? [ Dt Re >. 


ie) OMe 


HO-CH, CH2°OH 
(XII) (XIII) (XIV) 


Reduction of periodate-oxidised methyl 4,6-O-benzylidene-«-D-glucoside with potass- 
ium borohydride has yielded the corresponding diprimary alcohol (XIV), further charac- 
terised as its diacetate. We have isolated the diprimary alcohol, previously reported to be 
anhydrous,!® only as a crystalline monohydrate having the broad absorption band at 
1640 cm." characteristic of hydrates.5 Drying the compound to constant weight over 
phosphorus pentoxide caused a loss in weight equivalent to one molecule of water of 
crystallisation; exposing the dried solid to a damp atmosphere was followed by the ap- 
propriate increase in weight. The anhydrous compound had a different spectrum from 
that of the hydrate; in particular, the broad 1640 cm.+ band disappeared, and the 
hydroxyl band was narrower and shifted to a slightly higher frequency. 

Methoxyl determinations on the reduced product (XIV) and its diacetate by a modific- 
ation of Zeisel’s method," gave values much higher than expected. Smith and Van Cleve ™ 
have already drawn attention to similar abnormal methoxyl values in the case of p’- and 
L’-1'-hydroxymethyl-l-methoxydiethylene glycol and for p’- and L’-1-methoxydiethylene 
glycol #2 and suggested that these high values arose from the glycollaldehyde formed by 

8 Jones, J., 1945, 116. 
on * Garcia Gonzalez, Lépez Aparicio, and Vazquez, Anales real Soc. espan. Fis. Quim., 1948, 44, B, 

10 Lewis, Ph.D. Thesis, University of Minnesota, 1957. 


11 Samsel and McHard, Ind. Eng. Chem. Anal., 1942, 14, 750. 
12 Smith and Van Cleve, J. Amer. Chem. Soc., 1955, 77, 3091. 
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hydrolysis during the Zeisel determination. Later, evidence 13 was presented which 
suggested that the high values were due to the polyol, which is formed simultaneously 
with the glycollaldehyde, and which gives rise to a volatile higher alkyl iodide. 
von Rudloff ## has also shown that several polyols including sorbitol and mannitol gave a 
considerable apparent methoxyl content by Zeisel’s method. Acid hydrolysis of (XIV) 
and its diacetate would give rise to erythritol and glycollaldehyde. We have now shown 
that erythritol has an apparent methoxyl content of 11-3%, whereas glycollaldehyde has 
one of only 0-:2%. 

To overcome the abnormal methoxyl results a modified technique due to Gran ® was 
used (cf. ref. 13) in which the volatile iodides from the Zeisel distillation are passed into a 
solution of trimethylamine in propan-2-ol. The alkyl iodides form quaternary ammon- 
jum salts with the trimethylamine, and Gran claimed that tetramethylammonium iodide 
alone is completely insoluble in propan-2-ol; it can thus be separated and determined 
independently of other volatile alkyl iodides. We have applied this method to vanillin 
and methyl! «-D-glucoside, two substances not forming any other alkyl iodides, and in each 
case a methoxyl content slightly below the theoretical values was obtained. The 
discrepancy between the observed and the theoretical values could always be accounted 
for by titrating the propan-2-ol filtrate. On the basis of these experiments, and contrary 
to Gran’s findings, it is suggested that tetramethylammonium iodide is slightly soluble in 
the trimethylamine—propan-2-ol solvent. 

Because no fixed correction could be made, this difficulty was avoided by carrying out 
a series of methoxyl determinations for each substance, extending over a weight range of 
20—120 mg. A plot of titre against sample weight should be a straight line passing 
through the origin, the slope of which should be directly proportional to the methoxyl 
content. The straight lines actually obtained were parallel to those expected, with small 
negative intercepts on the titre axis, equal to the experimentally observed titres of the 
propan-2-ol filtrates. Since the theoretical and experimentally observed slopes were equal, 
the true methoxyl content could be calculated from the latter. 


EXPERIMENTAL 


All solutions were concentrated in vacuo; those in chloroform and ether were previously 
dried with inorganic desiccants. The identity of compounds was proved where necessary by 
mixed m. p. determination and infrared spectrometry; all compounds had infrared spectra 
consistent with the assigned structures. 

Reactions of 17,9-Dihydroxy-6a-methoxy -2-phenyl-trans-m -dioxano[5,4-e]-[1,4]-dioxepan 
hydrate * (II; R = Ph).—(a) With ethylene glycol. The hemialdal hydrate (2 g.) was heated 
with ethylene glycol (30 ml.) at 100° until dissolution occurred (about 30 min.). The solution 
was concentrated to about 4 ml. and cooled, and the resulting white mass was crystallised from 
chloroform-light petroleum. The gel-like solid was collected, washed thoroughly with water, 
and recrystallised from the same solvents to yield 7(or 9)-hydroxy-9(or 7)-(2-hydroxyethoxy) -6a- 
methoxy-2-phenyl-trans-m-dioxano[5,4-e]-[1,4]-dioxepan (VI) (58%), m. p. 141—144°, [aj,,24 
+48-9° (5 min.) —» + 52-1° (21 hr.) constant for a further 24 hr. (c 2-65 in pyridine) (Found: 
C, 56-2; H, 6-3. C,.H,.O, requires C, 56:1; H, 6-5%). The product reduced Fehling’s solution 
and on crystallisation from hot water yielded the hemialdal hydrate (II; R = Ph). 

Acetylation of the product (VI) with pyridine—acetic anhydride at room temperature for 
24 hr. gave a white solid when the reaction solution was poured into ice-water. Three recrystal- 
lisations gave a gel-like product, which when thoroughly dried was the 7(or 9)-acetoxy-9(or 
1)-(2-acetoxyethoxy)-derivative (63%), m. p. 156—158°, {aJ,,** + 65-6° (c 1-1 in chloroform) (Found: 
C, 56-8; H, 6-2. C,9H,,0,,. requires C, 56-3; H, 61%). The product had acetate absorptions 
at 1760 and 1743 cm.*}. . 

(b) With piperidine. The hemialdal hydrate (5 g.) in freshly distilled piperidine (35 ml.) 

% Cadotte, Dutton, Goldstein, Lewis, Smith, and Van Cleve, J. Amer. Chem. Soc., 1957, 79, 691. 

# von Rudloff, Analyt. Chim. Acta, 1957, 16, 294. 

6 Gran, Svensk Papperstid., (a) 1952, 55, 255; 1953, 56, 179; (b) 1954, 57, 702. 
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was heated on a steam-bath for 10 min. The clear solution obtained was poured, with stirring, 
into ice-cold dilute acetic acid, and the crystalline product which separated was collected, 
washed with sodium hydrogen carbonate solution and with water, and dried im vacuo (P,O,) 
(66%). Three recrystallisations from aqueous acetone gave needles of 6a-methoxy-2-phenyl-7,9- 
dipiperidino-trans-m-dioxano[5,4-e]-[1,4]-dioxepan (III), m. p. 130-5—131-5° (decomp.), [aj,% 
-+-46-9° (c 0-5 in pyridine) (Found: C, 66-7; H, 8-5; N, 6-1. C,H,,0,N, requires C, 66-6; H 
8-4; N, 65%). 

(c) With ethylenediamine. The hemialdal hydrate (5 g.) was heated on a steam-bath with 
freshly distilled ethylenediamine (100 ml.). The clear solution obtained after 10 min. was 
concentrated until crystallisation began. The product was collected and a second crop was 
obtained on further concentration. The combined crops were suspended in water (20 ml), 
filtered, washed with water, and dried. Two recrystallisations from methanol gave needles of 
perhydrvo-6a-methoxy-2-phenyl-trans-m -dioxano[5’,4’ - 5,6)[1,4] -dioxepano[2,1,7-ag]}-[1,3,6] - oxadi- 
azepine (IV; n = 2), m. p. 148-5—149-5°, [a),74 +110° (c 0-3 in chloroform) (Found: C, 59-8; 
H, 6-6; N, 8-5. C,gH,,O0,N, requires C, 59-6; H, 6-9; N, 8-7%). 

A solution of picric acid in methanol was added to a hot concentrated solution of the above 
compound (IV; m = 2) in methanol. On cooling, a yellow solid was deposited which after 
recrystallisation from ethanol was shown to be ethylenediamine picrate. 

(d) With trimethylenediamine. The reaction was carried out as in (c), but evaporation of 
the solution gave a colourless syrup. When ethanol or methanol was added to a solution of the 
syrup in dilute acetic acid, the methanolate * or ethanolate * of the hemialdal was isolated; 
when t-butyl alcohol was added, the hemialdal hydrate (II; R = Ph) was isolated. 

(e) With ethanolamine. The reaction was carried out as in (c) above, and evaporation of 
the clear solution gave a pale yellow syrup. Dilute acetic acid was added, and the solid 
collected, washed with sodium hydrogen carbonate solution and with water, and dried (P,0O,). 
Three recrystallisations from aqueous methanol gave the product, m. p. 125—127°, {a],,2" + 116° 
(c 0-5 in pyridine), as needles [Found: C, 60-4; H, 6-7; N, 5-1%; M (X-ray), 326]. 

(f) With p-nitrophenylhydrazine. A hot aqueous solution of p-nitrophenylhydrazine hydro- 
chloride (1-4 g., 1-2 mol.) and sodium acetate (4 g.) was added to a hot solution of the hemialdal 
hydrate (2 g., 1 mol.) in water (550 ml.). The orange solution was cooled rapidly and stored 
at 0° overnight. The solid (91%, based on the p-nitrophenylhydrazine hydrochloride) was 
collected. Three recrystallisations from ethanol gave orange-yellow needles of 2,4-O-benzyl- 
idene-3-O-(1-methoxy-2-oxoethyl)-b-erythrose bis-p-nitrophenylhydrazone (VIII; R = p-NO,°C,H,), 
m. p. 164—165° (decomp.) (Found: C, 56-6; H, 5-0; N, 15-5. C,,H,,O,N, requires C, 56-7; 
H, 4:8; N, 15-3%). 

The same product was obtained when using excess of p-nitrophenylhydrazine hydrochloride; 
or by adding p-nitrophenylhydrazine to a hot methanolic solution of the hemialdal hydrate, 
boiling under reflux for 10 min., and isolating the product as above. 

(g) With isonicotinoylhydrazine. Isonicotinoylhydrazine (5 g.) was added to a hot solution 
of the hemialdal hydrate (5 g.) in water (1250 ml.) at 80—90°; a gel separated on rapid cooling, 
which was collected. This gel was difficult to dry thoroughly on the filter and hence it was 
crystallised from methanol whilst moist, yielding a more easily filterable gel, which after drying 
gave a white powder, m. p. 220—221° (decomp.) (60%). Two further recrystallisations gave 
2,4-O-benzylidene-3-O-(l-methoxy-2-oxoethyl)-p-erythrose bisisonicotinoylhydrazone (VIII; R= 
CO-C,;H,N), m. p. 221—222° (decomp.) (Found: C, 60-6; H, 5-4; N, 16-5. C,..H,,0,N, 
requires C, 60 2; H, 5-1; N, 16-2%). 

The same product was obtained when isonicotinoylhydrazine was added to a hot methanolic 
solution of the hemialdal hydrate. 

(h) With 2,4-dinitrophenylhydrazine. A solution of the hemialdal hydrate (2 g.) and 2,4-di- 
nitrophenylhydrazine (2-5 g.) in NN-dimethylformamide (50 ml.) was heated at 80° for 5 min. 
and then poured into ice-water. The orange-red precipitate was dissolved in chloroform, and 
the solution chromatographed on bentonite-kieselguhr (4:1). Elution with chloroform and 
two crystallisations from n-butanol gave 2,4-O-benzylidene-3-O-(1-methoxy-2-oxoethyl)-p- 
erythrose bis-2,4-dinitrophenylhydrazone [VIIL; R = 2,4-(NO,),C,H,], m. p. 114—119° (decomp.) 
(Found: C, 49-2; H, 4:2; N, 18-2. C,,H,,0,.N, requires C, 48-8; H, 3-8; N, 17-5%). 

(i) With semicarbazide. A hot solution of semicarbazide hydrochloride (2 g.) and sodium 
acetate (5 g.) in water (10 ml.) was added to a solution of the hemialdal hydrate (2 g.) in ethanol 
(150 ml.) which was boiling under reflux; heating was continued for a further 10 min. The 
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solution was cooled rapidly, and stored at 0° overnight; the deposited solid (60%) was recrystal- 
lised from a large volume of acetone to give 2,4-O-benzylidene-3-O-(1-methoxy-2-oxoethyl)-p- 
erythrose bis-semicarbazone (VIII; R = CO-NH,), m. p. 185—189° (decomp.) (Found: C, 48-2; 
H, 5-3; N, 21-5. CygH,,O,N, requires C, 48-7; H, 5-6; N, 21-3%). A less pure product was 
obtained by using an aqueous solution of the hemialdal hydrate. 

(j) With potassium borohydride. To a suspension of the hemialdal hydrate (7-5 g.) in water 
(350 ml.) was added potassium borohydride (1-25 g.). The clear solution which resulted after 
shaking for 45 min. was adjusted to pH 5 with dilute hydrochloric acid. The solution was 
evaporated to dryness (bath temp. <40°), the solid that separated being removed from the 
mixture from time to time. The crude product (90%) had m. p. 54—56°. Two recrystallis- 
ations from cold chloroform-light petroleum gave 2,4-O-benzylidene-3-O-(2-hydroxy-1-meth- 
oxyethyl)-b-erythritol monohydrate (as XIV), m. p. 56—57°, [a],,24 —49-2° (c 1-66 in water), [aJ,™ 
—30° (c 1-4 in ethanol) [Found: C, 55-9; H, 7-4; OMe, 17-9 (Zeisel), 10-2 (modified Gran); 
H,O (in vacuo over P,O;), 5-8. .CygH9O,,H,O requires C, 55-6; H, 7-3; OMe, 10-3; H,O, 
60%]. The loss in weight on drying was reversible. The dried compound was (XIV), m. p. 
40—42° (Found: C, 59-8; H, 7-2. Calc. for C,,H,.0,: C, 59-1; H, 7-1%). Lewis ” reported 
m. p. 55—55-5°, [a],, —31° (c 1-8 in ethanol). 

The monohydrate (as XIV) was acetylated with acetic anhydride—pyridine at 0° for 18 hr. 
Pouring into ice-water gave a white solid which, after three recrystallisations from aqueous 
ethanol gave 2,4-O-benzylidene-3-O-(2-acetoxy-1-methoxyethyl)-p-erythritol 1-acetate as needles, 
m. p. 49-5—50-5°, [a],24 —53-4° (c 2-17 in chloroform) [Found: C, 58-8; H, 6-5; OMe, 15-1 
(Zeisel), 8-35 (modified Gran). C,,H,,O, requires C, 58-7; H, 6-6; OMe, 8-4%]. 

Methyl 4,6-O-p-Chlorobenzylidene-a-D-glucoside.—Methyl «-p-glucoside (14 g.), anhydrous 
zinc chloride (11 g.), and p-chlorobenzaldehyde (50 g.) were shaken at 55° for 6-5 hr., and then 
left overnight at room temperature. The reaction mixture was extracted with hot ether 
(3 x 150 ml.), and the residue was washed with hot water (80 ml.) before being dissolved 
in methanol—water (200 ml., 1:1). The solution was concentrated until crystals separated. 
After cooling, the product (26%) was dried. Three recrystallisations from aqueous methanol 
gave methyl 4,6-O-p-chlorobenzylidene-a-D-glucoside (13%), as needles, m. p. 166—167°, [aJ,,™4 
+654:-5° (c 0-5 in pyridine) (Found: C, 52-5; H, 5-5. C,,H,,O,Cl requires C, 53-1; H, 5-4%). 

Benzoylation with benzoyl chloride in pyridine for 24 hr. at 0° gave a pale yellow sticky solid 
after excess of benzoyl chloride had been decomposed and the reaction mixture poured into 
ice-water. The solid was washed with water and recrystallised twice from ethanol to give 
needles of methyl 4,6-O-p-chlorobenzylidene-x-D-glucoside 2,3-dibenzoate (61%), m. p. 130—131° 
(Found: C, 64-4; H, 5-2. C,,H,,0,Cl requires C, 64-0; H, 48%). 

Periodate Oxidation of Methyl 4,6-O-p-Chlorobenzylidene-u-p-glucoside.—(a) Quantitative. 
The glucoside (0-11 g.) was oxidised in methanol—water (1 : 4) which was 0-004m with respect to 
sodium metaperiodate. The consumption of periodate 4 was 0-75 (65 hr.), 0-95 (89 hr.), 1-05 
(110 hr.), and 1-08 mol. (131 hr.). The product crystallised as the reaction proceeded. 

(b) Preparative. The glucoside (1 g.) was dissolved in warm methanol (250 ml.), and water 
(about 450 ml.) added almost to turbidity. Sodium metaperiodate (0-7 g.) was added, and the 
solution set aside in the dark at room temperature for 10 days. The methanol was removed 
im vacuo, and the product collected, washed with water, and dried. Two recrystallisations 
from aqueous acetone gave needles of 2-p-chlorophenyl-7 ,9-dihydroxy-6a-methoxy-trans-m-dioxano- 
[5,4-e]-[1,4]-diovepan hydrate (Il; R = p-Cl-C,H,) (81%), m. p. 152—153° (Found: C, 47-6; 
H, 5-5. C,,H,,0,Cl,H,O requires C, 47-9; H, 5-4%). 

This was boiled under reflux with methanol, and the clear solution concentrated and then 
cooled to give 2-p-chlorophenyl-T(or 9)-hydroxy-6a,9(or 7)-dimethoxy-trans-m-dioxano[5,4-e]- 
[1,4]-dioxepan, m. p. 158—160° (Found: C, 51-5; H, 5-4. (C,;H,,0,Cl requires C, 51-9; H, 
55%). 

The oxidation product (II; R = p-Cl-C,H,) (0-23 g.) and aniline (5 ml.) were warmed on a 
steam-bath for 15 min. Water was added to the cooled solution, followed by acetic acid. The 
syrup that separated was washed by decantation with sodium hydrogen carbonate solution and 
with water. Two crystallisations from aqueous acetone gave needles of 17,9-dianilino-2-p- 
chlorophenyl-6a-methoxy-trans-m-dioxano[5,4-e}-[1,4]-dioxepan (32%), m. p. 167—168°, [a], 
+9-2° (c 0-3 in pyridine) (Found: C, 64-1; H, 5-5; N, 5-5. C,,H,,O,CIN, requires C, 64-7; H, 
5-6; N, 5-8%). 

A solution of the oxidation product (II; R = p-Cl-C,H,) (0-1 g.) in cyclohexylamine (4 ml.) 
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was heated on a steam-bath for 15 min., cooled, and poured into ice-water (50 ml.). The 
product was washed with water, dried, and recrystallised twice from light petroleum (b. p. 
40—60°), giving needles of 2,4-O-p-chlorobenzylidene-3-O-(1-methxoy-2-oxoethyl)-D-erythrose 
bis-N-cyclohexylaldimine (81%), m. p. 134—136°, [a],24 —41-0° (c 0-3 in pyridine) (Found: C, 
65-6; H, 7-7; N, 6-1. C,,.H,,O,CIN, requires C, 65-5; H, 7-8; N, 5-9%). 

Methyl 4,6-O-0-Chlorobenzylidene-a-D-glucoside.—Methyl «-p-glucoside (14 g.), anhydrous 
zinc chloride (10 g.), and o-chlorobenzaldehyde (38 ml.) were shaken at room temperature in a 
dark, stoppered bottle for 7-5 hr. After storage at 0° overnight, the solution was mixed with 
a small volume of ice-cold water, and filtered. The residue was washed quickly with ice-cold 
10% aqueous sodium hydrogen sulphite, sodium hydrogen carbonate solution, and water. It 
was then suspended in ether, stirred, and collected. The solid was dissolved in methanol- 
water (1:1), the solution was concentrated until crystals separated, and after cooling, the 
product (56%) was collected and dried. Recrystallisation from aqueous methanol gave needles 
of methyl 4,6-O-0-chlorobenzylidene-a-D-glucoside (40%), m. p. 190—191°, [aJ,?4 +85-4° (c 0-5 
in pyridine) (Found: C, 53-0; H, 5-3. C,,H,,O,Cl requires C, 53-1; H, 5-4%). 

Benzoylation as described above gave needles of the 2,3-dibenzoate (57%), m. p. 99—100° 
(Found: C, 63-7; H, 4-8. C,,H,,O,Cl requires C, 64-0; H, 4-8%). 

Acetylation as described above gave, after two crystallisations from aqueous ethanol, the 2,3- 
diacetate (40%), m. p. 174° (Found: C, 54:1; H, 5-6. C,,H,,O,Cl requires C, 53-9; H, 5-3%). 

Periodate Oxidation of Methyl 4,6-O-0-Chlorobenzylidene-a-D-glucoside.—(a) Quantitative. 
The consumption of periodate by the compound (0-1 g.) in aqueous 0-004m-sodium metaperiodate 
(250 ml.) was 0-40 (25 hr.), 0-53 (42 hr.), 0-76 (90 hr.), 0-95 (187 hr.), 0-99 (258 hr.), and 1-00 mol. 
(306 hr.). The product crystallised as the reaction proceeded. 

(b) Preparative. The oxidation product, isolated as described above after 12 days at 
room temperature, was 2-0-chlorophenyl-7,9-dihydroxy-6a-methoxy-trans-m-dioxano[5,4-e][1,4]- 
dioxepan hydrate (Il; R = o-Cl-C,H,) (54%), m. p. 141—142° (Found: C, 48-4; H, 5-6. 
C,,H,,0,Cl,H,O requires C, 47-9; H, 5-4%). 

Benzoylation of the methanolate (prepared as above but not characterised) gave, after 
recrystallisation from ethanol, 7(or 9)-benzoyloxy-2-0-chlorophenyl-6a,9(or 7)-dimethoxy-trans- 
m-dioxano[5,4-e}[1,4]-dioxepan, m. p. 256—257°, [aJ,,2* +13-5° (c 0-29 in pyridine) (Found: C, 
58-6; H, 5-1. C,,H,,0,Cl requires C, 58-6; H, 5-1%). 

Benzoylation of the oxidation product (II; R = o-Cl-C,H,) gave, after two crystallisations 
from ethanol, 7,9-dibenzoyloxy-2-0-chlorophenyl-6a-methoxy-trans-m-dioxano[5,4-e][1,4]-dioxepan, 
m. p. 166—168°, [a],,24 + 22-3° (c 0-29 in pyridine) (Found: C, 62-2; H, 4-8. C,,H,,O,Cl requires 
C, 62:2; H, 46%). 

Methylation of the oxidation product with Purdie’s reagents gave, after crystallisation from 
methanol, 2-0-chlorophenyl-6a,7,9-trimethoxy-trans-m-dioxano[5,4-e][1,4]-dioxepan (49%), m. p. 
239—240°, [a),,** +77-6° (c 0-3 in pyridine) (Found: C, 53-0; H, 6-0. C,,H,,O,Cl requires C, 
53-3; H, 58%). 

Methyl 4,6-O-0-Bromobenzylidene-a-D-glucoside.—o-Bromobenzaldehyde (30 g.) was con- 
densed with methyl «-p-glucoside (10 g.) by the method described for o-chlorobenzaldehyde. 
Methyl 4,6-O-o-bromobenzylidene-a-D-glucoside was obtained as needles (26%), m. p. 205—206°, 
{aJ,,2* +91-5° (c 0-5 in pyridine) (Found: C, 46-1; H, 4:9. C,,H,,O,Br requires C, 46-5; H, 
4:7%). 

Benzoylation as described above gave the 2,3-dibenzoate, m. p. 95—96°, [a],,** + 106° (c 1-02 
in chloroform) (Found: C, 58-4; H, 4-7. C,,H,,O,Br requires C, 59-1; H, 4:4%). 

Periodate Oxidation of Methyl 4,6-O-0-Bromobenzylidene-a-D-glucoside.—(a) Quantitative. 
The consumption of periodate by the compound (0-1 g.) in aqueous 0-002m-sodium metaperiodate 
solution (500 ml.) was 0-37 (72 hr.), 0-63 (190 hr.), 0-82 (245 hr.), 0-97 (509 hr.), 1-02 (598 hr.), 
and 1-02 mol. (667 hr.). The product crystallised as the reaction proceeded. 

(b) Preparative. The compound (1-5 g.), oxidised as described above but by use of water- 
methanol (1 : 2) and a reaction time of 21 days, gave 2-0-bromophenyl-7,9-dihydroxy-6a-methoxy- 
trans-m-dioxano[5,4-e][1,4]-dioxepan hydrate (II; R = o0-BrC,H,) (55%), m. p. 134—136° 
(Found: C, 42-7; H, 4-5, C,,H,,O,Br,H,O requires C, 42-5; H, 4:8%). 

Methylation of the oxidised compound with Purdie’s reagents gave, after two crystallisations 
from methanol, 2-O-0-bromophenyl-6a,7,9-trimethoxy-trans-m-dioxano[5,4-e][1,4]-dioxepan, m. p. 
241-5—243-5° (Found: C, 47-7; H, 5:2; OMe, 22-0. C,,H,,0,Br requires C, 47-4; H, 5-2; 
OMe, 23-0%). 
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Periodate Oxidation of 5-(1,4-Anhydro-p-arabinotetrahydroxybutyl)-2-methyl-3-furoic Acid 
(IX; R = OH).—This compound was prepared and oxidised as previously described.” The 
2-(4-carboxy-5-methyl-2-furyl)-3,5-dihydroxy-1,4-dioxan (X; R! = R* = OH), m. p. 134— 
140°, had an infrared spectrum and m. p. identical with those recorded in the literature; * 
[aJ,22 —0-5° (7 min.) —» —51-0° (4 hr.) —» —10-4° (335 hr.) (¢ 1-0 in pyridine); the solution 
darkened after 12 hr.; [{a],24 —18-7° (19 min.) —» —9-8° (311 hr.) (c 0-25 in water) (Found: 
C, 49-3; H, 5-1. Calc. for CygH,,0,: C, 49-2; H, 5-0%). 

The oxidation product was methylated with Purdie’s reagents to give a pale yellow syrup 
that crystallised on trituration with light petroleum. Three crystallisations from aqueous 
methanol gave 3,5-dimethoxy-2-(4-methoxycarbonyl-5-methyl-2-furyl)-1,4-dioxan (X; Ri= 
R? = OMe), m. p. 128—129°, [aJ,? +16-9° (c 1-0 in chloroform) (Found: C, 54-7; H, 6-2; 
OMe, 32:4. C,3H,,O, requires C, 54-5; H, 6-3; OMe, 32-5%). Jones’s methylation product ® 
had m. p. 119°. 

Periodate Oxidation of 5-(1,4-Anhydro-p-arabinotetrahydroxybutyl)-2-methyl-3-furyl Methyl 
Ketone (IX; R = Me).—Periodic acid (19 ml.; 0-28m) was added to a solution of the above 
compound * (13 g.) in water (25 ml.) at <5° and the solution was kept at 0° for 50min. The 
resulting white solid (8-5 g., 61%) was crystallised three times from acetone-—light petroleum 
to yield 2-(4-acetyl)-5-methyl-2-furyl)-3,5-dihydroxy-1,4-dioxan (X; R! = Me, R* = OH), m. p. 
126—127-5°, [aJ,*4 —40-0° (6 min.) —» —54-2° (25 hr.) —» —47-9° (53 hr.) (c 1-0 in 
pyridine) (Found: C, 54-1; H, 5-9. Calc. for C,,H,,0,: C, 54-5; H, 5-8%). Jones * reported 
m. p. 128—129°. 

Methylation of this oxidation product as described above, followed by crystallisation from 
methanol-light petroleum, gave 2-(4-acetyl-5-methyl-2-furyl)-3,5-dimethoxy-1,4-dioxan (X; 
R! = Me, R? = OMe), m. p. 101-5—102-5°, [aJ,,2° + 25-2° (c 1-0 in chloroform) (Found: C, 57-5; 
H, 6-2. C,,;H,,0O, requires C, 57-8; H, 6-7%). 

Methoxyl Determinations.—Gran’s method ' was used. For a given substance a weight of 
20—120 mg. was used and a graph of titre (from the precipitate only) against sample weight 
was plotted. 0-1N-Sodium thiosulphate was used in the final titrations, so that the methoxyl 
content equals 0-0517 x slope. 

(a) Methyl «-p-glucoside. By use of the above method a line was obtained approximately 
parallel to the theoretical line, but with a small negative intercept on the titre axis. If the 
small titre (ca. 0-5 ml.) obtained from the filtrate was added to that from the precipitate the 
points then fitted on to the theoretical line quite well. An example of such a run is shown 
below. 


Wiekatet of cnmnelln TAG) esis evnncdiensds cntarnesnenae ds 22:1 40:8 57-4 75-1 
Titre from precipitate (ml.) .............ceccceccsscsececs 6-42 12-08 17-27 22-31 
BOO TNS BN  ciivncnccesesascscsensiguesencens 0-50 0-50 0-51 0-74 


The methoxyl content found from the slope of the plot of titre (from the precipitate) against 
sample weight was 15-9% [Calc. for C,H,,O,(OMe): 16-0%]. 

(b) Vanillin. The results obtained were similar to those in (a) (Found: OMe, 20-3. Calc. 
for C,H,0O,: OMe, 20-4%). 

(c) Monohydrate of (XIV) and its diacetate. Results calculated from the graphical method 
have been listed above. 

(d) Evythritol. No precipitate was obtained, but titration of the propan-2-ol filtrate gave an 
apparent methoxyl content of 11-:3%. 

(e) Glycollaldehyde. An apparent methoxyl content of 0-2% was found as in (d). 


The authors thank Miss A. M. Dodge and Mr. B. Hesp for assistance with the experimental 
work. The molecular weight (X-ray method) was kindly determined by Dr. J. O. Warwicker. 
Part of this work was sponsored by the Office, Chief of Research & Development, U.S. Depart- 
ment of Army, through the European Office. 
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709. Cyclic Amidines. Part X.1 2-Aminoquinazoline Derivatives. 
By R. J. Grout and M. W. PARTRIDGE. 


2-(Substituted amino)- and 3-substituted 2-amino-quinazolines have 
been produced by interaction of a urea, an arenesulphonyl chloride, and 
methyl] anthranilate. 

Rearrangements of 3-substituted 2-amino-3,4-dihydro-4-oxoquinazolines 
to their 2-(substituted amino)-isomers, aminolyses, alkylations, and trans- 
alkylations of quinazoline derivatives have been examined. None of the 
compounds reported was of therapeutic interest. 


GUANIDINES have been prepared from cyanamides, formed in pyridine, by interaction of a 
urea with an arenesulphonyl chloride.2_ The production of their cyclic analogues, 2-amino- 
quinazolines, is now described; the cyanamide, without isolation, is brought into reaction 
with methyl anthranilate. 

The scope of this procedure was examined by the preparation of a series of 2-amino- 
quinazolines from seven alkyl-, an aralkyl-, and four aryl-ureas. As expected, the usual 
product was a mixture of the two isomers (I) and (II), resulting from the cyclisation, in both 
possible ways, of an intermediate guanidine derivative. These products were readily 
separable by exploiting the alkali-solubility of the 4-hydroxyquinazoline (I). When R 
was isopropyl, cyclohexyl, or o- or #-tolyl, the method afforded only the 4-hydroxy- 


OH 


CO,Me CO,Me » NR 
+ R-NH-CN —> age: AY a J 


(1) (II) 


quinazoline (I). For confirmation of the structure (II), assigned to the alkali-insoluble 
isomers, certain examples were converted into the corresponding, known 2-hydroxy- 
quinazolines. The properties of the unidentified material obtained by Deck and Dains® 
by interaction of S-methylphenylthiourea and anthranilic acid are in agreement with its 
being an analogous mixture of two isomers. 

Methylphenylcyanamide, prepared from the urea, similarly furnished 4-hydroxy-2- 
N-methylanilinoquinazoline, but from 2-diethylaminoethyl-p-methoxyphenylcyanamide 
no recognisable product was obtained. In spite of the reported reactivity of 2-chloro- 
quinazolines with alkylanilines,* and of a successful preparation of 4-ethoxy-2-N-methyl- 
anilinoquinazoline from 2-chloro-4-ethoxyquinazoline and methylaniline, NN-diethyl-N’-p- 
methoxyphenylethylenediamine could not be brought into reaction with 2-chloro-4- 
ethoxyquinazoline. 

The production, from the corresponding urea, of o-methoxycarbonylphenylcyanamide 
for reaction with an amine salt did not appear to be a useful, alternative route to 2-amino- 
quinazolines, since, in addition to the required cyanamide (28%), its benzenesulphonyl 
derivative and 2,4-dihydroxyquinazoline were formed. 

2-Amino-3,4-dihydro-3-methyl-4-oxoquinazoline (II; R= Me) is reported® to be 
unaffected by acids and alkalis, whereas we found that with alkali, but not with acid, it 
was almost quantitatively isomerised to the 2-methylaminoquinazoline (I; R = Me). 
The analogues (II; R = Et, Pr®, Ph, p-MeO-C,H,) behaved similarly, whereas the 3-benzyl 


1 Part IX, J., 1959, 2396. 

* Partridge and Turner, J. Pharm. Pharmacol., 1953, 5, 103. 
3 Deck and Dains, J. Amer. Chem. Soc., 1933, 55, 4986. 

* Curd, Landquist, and Rose, J., 1947, 775. 

5 Griess, Ber., 1880, 18, 977. 
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analogue (II; R = Ph-CH,) afforded only a low yield of its isomer (I; R = Ph-CH,). 
Since thermal rearrangements have not been effected in this series,® it is suggested that the 
foregoing rearrangement involved intermediate formation of an o-guanidinobenzoate 
anion. Isomerisations which are formally similar have previously been encountered with 
pyridine,’ glyoxaline,® pyrimidine,® and triazole derivatives. 

Direct alkylation of 2-amino-4-hydroxyquinazoline was inefficient for the production 
of its 3-n-butyl and 3-benzyl derivatives, and during alkylation with 2-chloroethy] acetate 
the deacetylated product, 2-amino-3,4-dihydro-3-2’-hydroxyethyl-4-oxoquinazoline (II; 
R = CH,°CH,"OH), was obtained. 

Because of the low reactivity of certain 2-chloroquinazolines with aliphatic amines," 
other routes to 2-alkylaminoquinazolines were investigated; ¢.g., although 4-hydroxy-2- 
mercaptoquinazoline did not react with 2-diethylaminoethylamine, the 2-methylthio- 
derivative readily gave 2-2’-diethylaminoethylamino-4-hydroxyquinazoline, previously 
prepared from 2-chloro-4-hydroxyquinazoline.* Reaction of 2-amino-4-hydroxyquin- 
azoline with aniline was slow, and with o-toluidine failed to yield a pure product, whereas 
with ethanolamine it gave the required 4-hydroxy-2-2’-hydroxyethylamino- together 
with 2,4-di-2’-hydroxyethylamino-quinazoline. Formation of the latter amine recalls 
similar replacements in quinolines * and naphthyridines.* For a similar reaction with 
a simple alkylamine, a mixture of the amine and its salt was used. 

Transalkylation, known to occur with 2,4-dialkoxyquinazolines * and alkoxyamino- 
pyrimidines,!® appeared to offer a prospect of a route to 4-alkoxy-2-aminoquinazolines. 
Thus 2-anilino-4-benzyloxy-, -4-butoxy-, and -4-pentyloxy-quinazoline were prepared in 
this way from 2-anilino-4-ethoxyquinazoline. The butyl ether was also produced by 
alkylation of 2-anilino-4-hydroxyquinazoline and unequivocally from 2-anilino-4-chloro- 
quinazoline and sodium butoxide. In contrast, the sodium derivative of ethanolamine 
with 2-anilino-4-ethoxyquinazoline afforded the 4-hydroxyethylamino-derivative, an 
authentic specimen of which was obtained from 2-chloro-4-2’-hydroxyethylamino- 
quinazoline * and aniline. 

Many of the foregoing compounds were examined for schistosomicidal, molluscicidal, 
and viricidal activity; none was detected. The spasmolytic action observed at 1 : 100,000 
especially in 3-alkyl-2-amino-3,4-dihydro-4-oxoquinazolines was too weak to be of practical 
significance. 


EXPERIMENTAL 


2-Ethylamino-4-hydroxy- and 2-Amino-3-ethyl-3,4-dihydro-4-ox0-quinazolines.—Ethylurea 
(8-8 g.), suspended in dry pyridine (30 ml.), was treated during 10 min. at 0° with benzene- 
sulphonyl chloride (17-7 g., 1 mol.) and kept at 0° overnight. Methyl anthranilate (15-1 g., 
1 mol.) was added and the mixture was heated on a steam-bath for 4 hr. The 4-hydroxy- 
quinazolinium chloride (6-1 g.) which separated crystallised from 2-ethoxyethanol as needles, 
m. p. 293° (decomp.) (Found: N, 19-8; Cl, 8-0. 2C,)9H,,N,O,HCl requires N, 20-3; Cl, 8-5%). 
The base crystallised from acetone as prisms, m. p. 232°, Amex, 228, 267, and 322 my (e 32,800, 
14,200, and 3280) [Found: C, 60-5; H, 65; N, 21-3; H,O (Karl Fischer), 4-4. 
CyoH,,N,0,0-5H,O requires C, 60-6; H, 6:1; N, 21-2; H,O, 46%]. Its picrate (needles from 
acetic acid) had m. p. 274—275° (decomp.) (Found: C, 46-0; H, 3:2. C,,H,,N,O, requires 


® Wheeler, Johnson, and McFarland, J. Amer. Chem. Soc., 1903, 25, 787. 
? Tschitschibabin and Kirssanow, Ber., 1928, 61, 1223. 

§ Johnson and Nicolet, J. Amer. Chem. Soc., 1915, 37, 2416. 

* Carrington, Curd, and Richardson, J., 1955, 1858; Brown, Hoerger, and Mason, ibid., p. 4035. 
1 Dimroth, Annalen, 1909, 364, 183. 

4 Bunnett, J. Amer. Chem. Soc., 1946, 68, 1327. 

% Curd, Hoggarth, Landquist, and Rose, ]., 1948, 1766. 

% Curd, Raison, and Rose, J., 1947, 899. 

™ Oakes and Rydon, J., 1958, 204. 

%® Lange and Sheibley, J]. Amer. Chem. Soc., 1932, 54, 1994, 4305. 

18 Rose and Tuey, J., 1946, 81. 
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C, 45-9; H, 34%). The acetyl derivative separated as prisms, m. p. 121—122, from benzene- 
light petroleum (Found: N, 18-6. (C,,H,,;N,O, requires N, 18-2%). 

The pyridine mother-liquor from the isolation of the foregoing chloride was evaporated to 
dryness in vacuo and the residue, after being co-distilled with aqueous ammonia (130 m1), 
dissolved in chloroform, and dried (K,CO,), furnished the 4-ovoguinazoline (3 g.) which 
crystallised from water as prisms, m. p. 186—187°, Amax. 227, 268, and 329 my (e 32,000, 13,200, 
3800) (Found: C, 63-7; H, 5-8; N, 22-5. Cy 9H,,N,O requires C, 63-5; H, 5-9; N, 22-2%), 
Its picrate formed prisms, m. p. 282—284° (decomp.) (from acetic acid) (Found: C, 45-9; 
H, 31%). Its acetyl derivative crystallised from benzene-light petroleum as prisms, m. p. 
158—159° (Found: C, 62-3; H, 5-7. C,,H,,;N,O, requires C, 62-3; H, 5-7%). 

Quinazolines listed in the Table were prepared analogously. 

n-Pentylurea.—n-Pentylamine (17-4 g.) in concentrated hydrochloric acid (20 ml.) and 
water (50 ml.) was treated with sodium cyanate (13 g.) in water (100 ml.). After being concen- 
trated to 100 ml., the solution gave the urea (17-5 g.), m. p. 99-5° (from ethyl acetate) (Found: 
N, 21:3. C,H,,N,O requires N, 21-5%). 

Methylphenylcyanamide.—N-Methyl-N-phenylurea (15 g.) was refluxed for 3 hr. with 
benzenesulphonyl] chloride (17-7 g.) in dry benzene (50 ml.) containing triethylamine (30 g.). 
Solvent was removed from the filtered mixture, and the cyanamide (6-5 g.) was recovered from 
a steam-distillate of the residue by extraction with ether. It had b. p. 137—139°/17 mm. and 
gave an oxime, m. p. and mixed m. p. 102°.!® 

4-Hydroxy-2-N-methylanilinoquinazoline.—An aqueous alkaline solution of the product of 
interaction of methylphenylcyanamide (3 g.) and o-methoxycarbonylanilinium toluene-p- 
sulphonate (7-4 g.) at 210° for 2 hr. furnished, after being washed with ether and neutralised, 


Quinazolines (I) and (II). 


Yield ' Found (%) Reqd. or Calc. (%) 

M. p. (%) Formula Cc H N Cc H N 
Compounds (1) 

276° 7 C,H,N,O 
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TABLE. (Continued.) 
Yield Found (%) Reqd. or Cale. (%) 
M. p. (%) Formula Cc H N Cc H N 
Compounds (II) 
23-9 


bo 


62-0 

282—283 * 
156—157 H,,N,O 60-9 
186—188 , C,,H,,N,O0 65-0 
picrate 261 46-8 
acetyl 151—152 H,;N,O0 63-8 
Bu®/ 192 66-0 
228—229 C,,H,.N,O 48-4 
140—141 H,;N,0 64-6 
177 C,3H,;N,O 67-3 
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52-9 

189—190 
252 C,4H,,N,O 71-2 
291—292 Cy4H,,N,O,HC] 61-7 
268—269 * CoH 4NeOs 515 
209 CygHy3N3O, 67-4 
234—236 CysHy3N,O, 67-1 
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sulphonate 258—259 C,,H,,N,0;S 59-9 
picrate 271—272 C.,H,.N,O, 50-9 16-9 16-9 
diacetyl 206—208 C,9H,,N;0, 12-2 12-0 


* With decomp. 

* Griess 5 records no m. p. for this compound. * The same compound (57%) was obtained as the 
amphoteric product, when 2-amino-4-hydroxyquinazoline, n-butylamine (1 mol.), and n-butylamine 
toluene-p-sulphonate (1 mol.) were heated together at 210° for 16 hr. © Mixed ** m. p. 261°. # Mixed 4 
m. p. 271—272°. ¢ Griess * records no m. p. for this compound; 1,2,3,4-tetrahydro-3-methyl-2,4-di- 
oxoquinazoline (90%), m. p. and mixed !” m. p. 234—-236°, was obtained by addition of sodium nitrite 
to a boiling solution in 2N-hydrochloric acid. 4 2-Amino-4-hydroxyquinazoline alkylated with 
n-butyl bromide in ethanolic sodium ethoxide gave the same compound (11%). 9% Benzylation of 
2-amino-4-hydroxyquinazoline gave 28% of this compound. * Wheeler, Johnson, and McFarland * 
record m. p. 237—238°; 1,2,3,4-tetrahydro-2,4-dioxo-3-phenylquinazoline (70%), m. p. and mixed !* 
m. p. 280—281°, was obtained by the addition of sodium nitrite to a boiling solution in 2N-hydrochloric 
acid. 


- oO 
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the qguinazoline (1-3 g.), which crystallised from ethanol as prisms, m. p. 197-5—198-5° (Found: 
C, 71:8; H, 5-1; N, 16-9. C,,H,,N,O requires C, 71-7; H, 5-2; N, 16-7%). Its toluene-p- 
sulphonate (prisms from ethanol-ether) had m. p. 173—174° (Found: N, 9-7. C,,H,,;N,;0,5 
requires N, 9-9%). 

(2-Diethylaminoethyl)-p-methoxyphenylcyanamide.—p-Methoxyphenylcyanamide * (98 g.) 
and 2-diethylaminoethyl chloride hydrochloride (11-4 g.), when refluxed in ethanol (150 ml.) 
containing sodium (3 g.) for 1 hr., furnished the cyanamide (11-3 g.), m. p. 31—33°, b. p. 184°/4 
mm. (Found: N, 16-8. C,,H,,N,O requires N, 17-0%), and tri-p-methoxyphenylisomelamine 
(1-4 g.), m. p. 212° (Found: C, 64-4; H, 5-4; N, 19-3. Calc. for C,gH,,N,O,: C, 64-9; H, 5-4; 
N, 18-9%); King and Tonkin * recorded m. p. 218°. 

4-Ethoxy-2-N-methylanilinoquinazoline, formed when 2-chloro-4-ethoxyquinazoline ** and 
methylaniline were boiled in ethanol for 1 hr., crystallised from light petroleum as prisms, 
m. p. 87—88° (Found: C, 73-4; H, 5-7; N, 15-0. C,,H,,N,O requires C, 73-1; H, 6-1; N, 
150%). Its picrate separated from ethanol as prisms, m. p. 189—190° (decomp.) (Found: 
N, 16-2. C,3H.9N,O, requires N, 16-5%). 

2-p-A nisidino-4-ethoxyquinazoline.—2-Chloro-4-ethoxyquinazoline (2-3 g.) and p-anisidine 
(1-2 g.) were boiled in ethanol (20 ml.) for 1 hr. and the base (2-9 g.), liberated with sodium 
carbonate, crystallised from light petroleum as prisms, m. p. 98—99° (Found: C, 69-1; H, 5-5. 


Bogert and Scatchard, J. Amer. Chem. Soc., 1919, 41, 2052. 
Pawlewski, Ber., 1905, 38, 130. 

von Braun and Schwarz, Ber., 1903, 36, 3660. 

King and Tonkin, J., 1946, 1063. 

Lange, Roush, and Ashbeck, J. Amer. Chem. Soc., 1930, 52, 3696. 
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C,,H,,N,O, requires C, 69-1; H, 58%). Its picrate formed prisms, m. p. 179—180°, from 
acetone (Found: C, 52-4; H, 3-9. C,,;H.)N,O, requires C, 52-7; H, 3-8%). 

Interaction of Methyl o-Ureidobenzoate and Benzenesulphonyl Chloride.—Benzenesulphony] 
chloride (17-7 g.) was slowly added at 0° to methyl o-ureidobenzoate 1” (19-4 g.), suspended in 
pyridine (30 ml.), and the mixture was kept at 0° overnight. The water-insoluble residue 
obtained by removal of the solvent furnished, as an alkali-soluble fraction, methyl o-cyanamido- 
benzoate, m. p. and mixed m. p. 105—106° * (4-9 g.), and 2,4-dihydroxyquinazoline (3-5 g.), 
m. p. and mixed m. p. 349—350° (Found: C, 59-1; H, 3-7; N, 16-8. Calc. for C,H,N,O,: 
C, 59-3; H, 3-7; N, 17-3%). The alkali-insoluble fraction yielded methyl o-benzenesulphonyl- 
cyanamidobenzoate (8-1 g.) which crystallised from propan-2-ol as prisms, m. p. 108° (Found: 
C, 57-0; H, 4:3; N, 8-8. (C,;H,,N,O,S requires C, 57-0; H, 3-8; N, 8-9%). 

Rearrangement of 3-Substituted 2-Amino-3,4-dihydro-4-oxoquinazolines.—2-Amino-3,4-di- 
hydro-4-oxo-3-phenylquinazoline (1 g.) was boiled with 10N-sodium hydroxide (20 ml.) for 8 hr. 
Decomposition of the resulting sodium salt with acetic acid gave 2-anilino-4-hydroxyquinazoline 
(1 g.), m. p. 261°, undepressed on admixture with a specimen prepared by Lange and Sheibley’s 
method."® Its acetyl derivative had m. p. and mixed m. p. 202—204°. 

The same product was formed (74%) when 2-amino-4-hydroxyquinazoline was boiled with 
aniline (10 mol.) for 24 hr. 

The following compounds were similarly produced by analogous rearrangements and 
identified by comparison of the base and appropriate derivatives with specimens already 
described: 4-hydroxy-2-methylaminoquinazoline (95%); 2-ethylamino-4-hydroxyquinazoline 
(75%); 4-hydroxy-2-n-propylaminoquinazoline (50%); 2-benzylamino-4-hydroxyquinazoline 
(11%); 4-hydroxy-2-p-methoxyanilinoquinazoline (100%), also produced by boiling 4-ethoxy- 
2-p-methoxyanilinoquinazoline with 3N-hydrochloric acid for 5 hr. 

2-Guanidino-4-hydroxyquinazoline.—Dicyandiamide (8-4 g.), o-methoxycarbonylanilinium 
toluene-p-sulphonate (32-3 g.) and toluene-p-sulphonic acid (19 g.), when boiled together in 
water (200 ml.) for 3 hr. and cooled, gave the toluene-p-sulphonate (15-3 g.) which crystallised 
from dilute aqueous toluene-p-sulphonic acid as needles, m. p. 291—292° (Found: C, 51-1; H, 
4-4; N, 18-4. C,,H,,N,0,S requires C, 51-2; H, 4-6; N, 18-7%). The base liberated from this 
salt had m. p. 310—311° (decomp.), undepressed on admixture with a sample prepared by Cohn’s 
method; ** Cohn recorded m. p. above 280° and regarded this compound as 3-amidino-2-amino- 
3,4-dihydro-4-oxoquinazoline, although it is soluble in aqueous alcoholic alkali without 
decomposition. 

2-Amino-4-hydvroxyquinazoline.—(i) 2-Guanidino-4-hydroxyquinazoline (2 g.), when boiled 
for 2 hr. with potassium hydroxide (4 g.) in ethylene glycol (20 ml.), diluted with water, and 
neutralised, gave the aminoquinazoline (1-3 g.) which crystallised from water or ethanol as 
needles, m. p. 315° (decomp.) (Found: N, 25-8. Calc. for C,H,N,O: N, 26-1%). Its picrate 
(needles from aqueous acetic acid) had m. p. 258—260° (decomp.) (Found: C, 43-2; H, 2-7. 
CigHyyN,O, requires C, 43-1; H, 2-6%). The acetyl derivative crystallised from 2-ethoxy- 
ethanol as prisms, m. p. 277—280° (Found: N, 20-7. C, »H,N,O, requires N, 20-7%). 

(ii) Anthranilic acid (137 g.) in concentrated hydrochloric acid (93 ml.) and water (1 1.) was 
kept for 7 weeks with cyanamide prepared from calcium cyanamide (400 g.). The product 
was completely precipitated with ammonia, dissolved in aqueous sodium hydroxide, recovered 
(86 g.) by the addition of carbon dioxide, and recrystallised from glacial acetic acid (1-9 1.). 

2-A mino-3,4-dihydro-3 - 2’- hydroxyethyl -4-oxoquinazoline.—2-Amino-4-hydroxyquinazoline 
(6-4 g.) and 2-chloroethyl acetate (5-4 g.) were boiled for 45 min. in ethanol (100 ml.) containing 
sodium (0-92 g.) and sodium iodide (0-6 g.). Next day, the suspension was filtered and 
evaporated to dryness. The alkali-insoluble residue yielded the 3-2’-hydroxyethyl derivative (0-8 
g.) as prisms, m. p. 224°, on crystallisation from ethanol (Found: C, 58-4; H, 5-0; N, 20-4; 
Ac, 0. Cy 9H,,N;O, requires C, 58-5; H, 5-4; N, 20-5%). The picrate (prisms from ethanol) 
had m. p. 220—221° (Found: C, 44:7; H, 3-1. C,,H,,N,O, requires C, 44-2; H, 3-3%). 
Ethylene chlorohydrin did not effect alkylation. Attempted alkylation of 2-acetamido-4- 
hydroxyquinazoline with 2-chloroethyl acetate gave only 2-amino-4-hydroxyquinazoline (93%). 

2-2’-Diethylaminoethylamino-4-hydroxyquinazoline (4-1 g.) was formed when 4-hydroxy- 
2-methylthioquinazoline ™ (3-8 g.) and 2-diethylaminoethylamine (4-6 g.) were heated together 

% McKee, J. prakt. Chem., 1911, 84, 821. 


*° Cohn, J. prakt. Chem., 1911, 84, 394. 
*4 Douglass and Dains, J. Amer. Chem. Soc., 1934, 56, 719. 
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at 180° for 75 min. and it crystallised as needles, m. p. 94—96°, from aqueous ethanol; Curd, 
Hoggarth, Landquist, and Rose * record m. p. 96—98° [Found: C, 60-9; H, 7-8; H,O (Karl 
Fischer), 6-9. Calc. for C,,H,N,O,H,O: C, 60-4; H, 8-0; H,O, 65%]. The picrate (needles 
from aqueous acetic acid) had m. p. 234—235° (decomp.) (Found: C, 49-1; H, 5-1. C,gH,,N,O, 
requires C, 49-1; H, 47%). Its methiodide was formed when the tertiary base was kept in 
methyl iodide for 48 hr. and crystallised from aqueous acetone as needles, m. P. 191—192° 
(Found: C, 42-2; H, 6-1; I, 29-8; loss at 100°/vac., 6-3. C,sH,sIN,O,1$H,O requires C, 42-0; 
H, 6-1; I, 29-6; H,O, 63%). The methopicrate separated as needles, m. p. 194—196°, from 
water (Found: C, 50-0; H, 5-2; N, 19-5. C,,H,,;N,O, requires C, 50-1; H, 5-0; N, 19-5%). 

4-Hydroxy-2-2'-hydroxyethylaminoquinazoline (1-15 g.) separated when 2-amino-4-hydroxy- 
quinazoline (3-2 g.) and ethanolamine (12-2 g.) were boiled together for 6 hr. and poured into 
water. It crystallised as needles, m. p. 249-5—250°, from water (Found: N, 20-1. C, 9H,,N,;O, 
requires N, 20°5%). Its picrate separated as needles, m. p. 212—213°, from glacial acetic acid 
(Found: C, 44-5; H, 3-1; N, 18-9. C,,H,,.N,O, requires C, 44-2; H, 3-3; N, 194%). A basic 
water-soluble by-product (1-65 g.), possibly 2,4-di-(2-hydroxyethylamino)quinazoline, crystallised 
from water as prisms, m. p. 162—-163° (Found: C, 58-4; H, 6-6; N, 22-7. C,,H,,N,O, requires 
C, 58-1; H, 6-5; N, 22-6%), and formed a picrate (prisms from ethanol), m. p. 226—229° (Found: 
C, 45-0; H, 4:3; N, 20-2. C,,H, N,O, requires C, 45-3; H, 4-0; N, 20-5%). 

n-Butylamine Toluene-p-sulphonaie, prepared in propan-2-ol, crystallised as needles, m. p. 
122° from ethyl acetate (Found: C, 54-1; H, 7-8. C,,H,,NO,S requires C, 53-9; H, 7-8%). 

2-A nilino-4-n-butoxyquinazoline.—(i) 2-Anilino-4-ethoxyquinazoline % (2-7 g.) was boiled 
for 1 hr. in n-butanol (30 ml.) containing sodium (0-23 g.) and poured into water. The butyl 
ether (2-4 g.) which separated crystallised from ethanol as prisms, m. p. 82—83° (Found: 
C, 73-8; H, 6-2; N, 14:1. C,sH,,N,O requires C, 73:7; H, 6-5; N, 143%). The picrate 
(prisms from ethanol) had m. p. 182—183° (Found: N, 16-3. C,,H,,N,O, requires N, 16-1%). 

(ii) Crude 2-anilino-4-chloroquinazoline (1-1 g.), formed from 2-anilino-4-hydroxyquinazoline 
and phosphoryl chloride, furnished the same compound (0-2 g.), m. p. and mixed m. p. 82—83°, 
when boiled for 16 hr. with butan-l-ol (25 ml.) containing sodium (0-1 g.). 

(iii) 2-Anilino-4-hydroxyquinazoline (5 g.) afforded the butyl ether (2 g.) when refluxed for 
16 hr. with n-butyl bromide (5 g.) in ethanol (60 ml.) containing sodium (0-5 g.). 

The following ethers were obtained by transalkylation similar to that described above: 

2-Anilino-4-n-pentyloxyquinazoline (70%), plates, m. p. 61—62°, from propan-2-ol (Found: 
744; H, 6-6. C,,.H,,N,O requires C, 74-2; H, 69%); picrate, m. p. 183—185° (Found: 
N, 15-5. C,;H.,.N,O, requires N, 15-7%). 

2-A nilino-4- -benzyloxyquinazoline (78%), needles, m. p. 118—119°, from propan-2-ol (Found: 
C, 76-9; H, 5-0. C,,H,,N,O requires C, 77-0; H, 52%); picrate,m. p. 215—216° (decomp.) 
(Found: N, 14-8. C,,H, 9N,O, requires N, 15-1%). 

2-Anilino-4-2’-hydroxyethylaminoquinazoline.—(i) The precipitate formed when 2-anilino-4- 
ethoxyquinazoline (5-3 g.) was boiled for 1 hr. with ethanolamine (60 ml.) containing sodium 
(0-5 g.) and poured into water, afforded the 4-2’-hydroxyethylamino-derivative (5 g.), which 
crystallised from toluene as needles, m. p. 147—149° (Found: N, 19-9. C,,H,,N,O requires 
N, 20:0%). Its picrate crystallised as prisms, m. p. 185°, from water (Found: C, 52-2; H, 3-7. 
C,,H,,N,O, requires C, 51-9; H, 38%). At 20°, the reaction yield was 5-15 g. This compound 
was stable to alcoholic alkali and with nitrous acid at 10° gave its nitrite (needles from propan- 
2-ol), m. p. 163—165° (decomp.) (Found: N, 21-1. C,g.H,,N;O, requires N, 21-4%). 

(ii) 2-Chloro-4-2’-hydroxyethylaminoquinazoline* (1 g.) and aniline (0-42 g.) in water 
(10 ml.) and hydrochloric acid (0-2 ml.) were boiled for 45 min. to yield, after basification, the 
same compound (1-14 g.), m. p. and mixed m. p. 148—149°. 


The authors gratefully acknowledge their indebtness to Miss G. L. M. Harmer for the 
pharmacological tests and Dr. G. Woolfe for the chemotherapeutic tests. 
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710. Cyclic Amidines. Part XI.1_ Rearrangements of 
Quinazoline Ethers. 


By R. J. Grout and M. W. PARTRIDGE. 


Certain basic ethers of 2,4-dihydroxyquinazoline have been shown to 
undergo a thermal rearrangement not hitherto recognised. Evidence has 
been obtained for a cyclic mechanism for the formally similar rearrange- 
ments shown to occur with 2-chloro-4-chloroalkoxyquinazolines on distillation, 
and with analogous 4-hydroxyalkyl ethers when these were treated with 
thionyl chloride. 

3-Substituted 3,4-dihydro-2-hydroxy~-4-oxoquinazolines have been 
prepared from methyl o-ethoxycarbonylaminobenzoate and an amine. 


QUATERNARY Salts of 2,4-di(alkylaminoalkoxy)quinazolines were required for testing as 
muscle relaxants. Rearrangements observed in syntheses of these and related ethers are 
now recorded. 

2,4-Dichloroquinazoline and sodium 2-diethylaminoethoxide furnished an oil which 
was evidently 2,4-bis-(2-diethylaminoethoxy)quinazoline (I; R = NEt,) since, as its 
dimethiodide, it was readily hydrolysed to 2,4-dihydroxyquinazoline. The isomer 
obtained on distillation of this ditertiary base was assigned the structure (II; R = NEt,), 


O°CH,:CH,R 


oO 
SN N-CH>-CH2R 
2 O-CH,°CH,R yo 


(I) (II) CHy*CH,R 


since it was stable to boiling hydrobromic acid and afforded a different dimethiodide 
(II; R = NEt,Me}I). Similar results were obtained with the corresponding dimethyl- 
amino-derivatives; in one experiment, the distilled ditertiary base gave a mixture of the 
two dimethiodides, separable by fractional crystallisation. 

In previous investigations »* of these compounds, the isomerisation of the ditertiary 
bases was not observed, but products described as ethers were apparently identical with 
the foregoing 1,3-disubstituted quinazolines. Similar thermal isomerisations have been 
reported for certain 4-alkoxyquinazolines,* but not for 2,4-dialkoxyquinazolines.5 

The reactivity of both chlorine atoms in 2,4-dichloroquinazoline was insufficient for 
the production of a bisquaternary ether from a 2-hydroxyethyltrialkylammonium iodide; 
only one ether link was formed. 

Examination of further possible routes to these quaternary compounds disclosed a 
second type of rearrangement. The product from 2,4-dichloroquinazoline, ethylene 
chlorohydrin, and potassium carbonate was presumed to be 2-chloro-4-2’-chloroethoxy- 
quinazoline (III; R= R’ = Cl) because of the known difference in reactivity of the 
chlorine atoms in 2,4-dichloroquinazoline,® and since it afforded 2,4-dihydroxyquinazoline 
on hydrolysis. On distillation, the ether (III; R= R’ = Cl) rearranged to its isomer 
(IV; R= R’ = Cl), converted by hydrolysis into the 2-hydroxyquinazoline derivative 
(IV; R=OH, R’=Cl). The structure of the last compound was unequivocally 
established by a direct synthesis; it was produced by interaction of thionyl chloride and 

Part X, preceding paper. 

Donleavy and Kise, J. Amer. Chem. Soc., 1935, 57, 753. 
Hohmann, Univ. Microfilms, Publ. No. 6519, 1953. 
Bogert and Seil, J. Amer. Chem. Soc., 1907, 29, 517. 
Abt, J. prakt. Chem., 1889, 39, 140. 


Lange and Sheibley, J. Amer. Chem. Soc., 1931, 58, 3867; 1933, 55, 1188; Curd, Landquist, and 
Rose, J., 1947, 775. 
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the 3-2’-hydroxyethylquinazoline (IV; R= R’ = OH) that was itself arcemneearneed 
obtained from methyl o-ethoxycarbonylaminobenzoate and ethanolamine. 


Oo: RH -CH,R’ ° 


(111) a 8 (IV) 


2-Chloro-4-2’-hydroxyethoxyquinazoline (III; R = Cl, R’ = OH) and the homologous 
4-3'-hydroxypropoxy-derivative underwent similar rearrangements when treated with 
thionyl chloride. In each instance, the 3-chloroalkylquinazoline (e.g., IV; R = R’ = Cl) 
was obtained. 2,4-Di-(2-hydroxyethoxy)quinazoline? (I; R=OH) was _ readily 
hydrolysed by dilute acid to 2,4-dihydroxyquinazoline, and likewise gave, with thionyl 
chloride, a dichloro-derivative which was stable to hydrobromic acid and therefore con- 
sidered to be the 1,3-disubstituted quinazoline (II; R = Cl). This compound could not 
be converted into a quaternary salt with triethylamine at temperatures up to 130°. In 
the reaction of 2-anilino-4-2’-hydroxyethoxyquinazoline (III; R= NHPh, R’ = OH) 
with thionyl chloride to yield the compound (III; R = NHPh, R’ = Cl), no rearrangement 
occurred. 

4-Allyloxy-2-chloro-, 4-benzyloxy-2-chloro-, and 2-chloro-4-ethoxy-quinazoline did not 
undergo isomerisation on being heated. Accordingly, it appeared likely that the isomeris- 
ation of 4-chloroalkoxyquinazolines proceeded via an oxazolinium chloride analogously 
to the rearrangement of 2-chloroethyl benzimidate.§ Collateral evidence for this was 
provided by an examination of an unsymmetrically substituted ether. 2-Chloropropan-1-ol 
with 2,4-dichloroquinazoline gave 2-chloro-4-2’-chloropropoxyquinazoline (V; R = Cl), 


.@) —CH) 
O-CH,-CHCI-CH; ! Oo 


+ CH:CH; 
“SN SN “ N-CH(CH;)-CH,Cl 
ie, hordava econ Jr 

F g 
N7 N N 


(V) (VI) 
fe) 


GF ennien 
2 OH (VII) 


which was distilled to effect isomerisation to compound (VI; R = Cl) and then hydrolysed 

to the corresponding hydroxyquinazoline (VI; R = OH). Inagreement with the supposed 

mechanism (V —» VI; R = Cl), the compound (VI; R = OH) was shown to be identical 

with that formed when 2-aminopropan-l-ol was brought into reaction with methyl 

o-ethoxycarbonylaminobenzoate and the product was treated with thionyl chloride; the 

isomer (VII; R = Cl), analogously synthesised from l-aminopropan-2-ol, was different. 
No muscle-relaxant properties were observed for the bisquaternary compounds. 


EXPERIMENTAL 


Interaction of 2,4-Dichloroquinazoline and Sodium 2-Diethylaminoethoxide.—2,4-Dichloro- 
quinazoline (10 g.) reacted exothermicaliy when added during 15 min. to a solution of sodium 
(2-3 g.) in 2-diethylaminoethanol (50 ml.). The mixture was heated at 115° for 90 min. An 
ethereal extract on evaporation under reduced pressure furnished an oil, converted by methyl 
iodide into 2,4-bis-2’-diethylaminoethoxyquinazoline dimethiodide (I; R = NMeEt,}I); this 
crystallised from ethanol as needles, m. p. 207—208° (decomp.) (Found: C, 40-7; H, 5-9; 


? Lange and Sheibley, J. Amer. Chem. Soc., 1932, 54, 4305. 
8 Gabriel and Neumann, Ber., 1892, 25, 2383; Wislicenus and Korber, ibid., 1902, 35, 164. 
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I, 39-4. C,,H,,I,N,O, requires C, 41-0; H, 5-9; I, 39-4%). Hohmann ® cites m. p. 247—24° 
for the dimethiodide said to be this compound. This dimethiodide when boiled for 1 hr. with 
concentrated hydrochloric acid gave 2,4-dihydroxyquinazoline, m. p. and mixed m. p. 350°. 

The foregoing oil distilled as 1,2,3,4-tetrahydro-1,3-bis-2’-diethylaminoethyl-2,4-dioxoquinazol- 
ine (Il; R = NEt,) (13-6 g., 75%), b. p. 227°/1-5 mm. (Found: C, 66-4; H, 9-1; N, 15-6, 
CypH3,N,O, requires C, 66-6; H, 9-0; N, 15-5%); Hohmann ® records b. p. 225—226°/4 mm., 
and Donleavy and Kise ® record b. p. 209—210°/5 mm. for the compound said to be the diether, 
Its dipicrate separated from 2-ethoxyethanol as prisms, m. p. 212° (decomp.) (Found: C, 46-9; 
H, 4:9; N, 16-8. C,H3,N,90,, requires C, 46-9; H, 4-7; N, 17-1%). The same dipicrate, 
m. p. and mixed m. p. 212° (decomp.), was prepared from the distilled ditertiary base which 
had been boiled for 4 hr. with hydrobromic acid (47-5%). The dimethiodide of the distilled 
ditertiary base crystallised from methanol as needles, m. p. 254—255° (decomp.) (Found: 
C, 41-2; H, 5-8; N, 82. C,,H3,I,N,O, requires C, 41-0; H, 5-9; N, 87%). 

2,4-Dichloroquinazoline and sodium 2-dimethylaminoethoxide, when treated as in the above 
experiment, afforded an oil whose dimethiodide (I; R = NMe;}I) crystallised as prisms (from 
methanol), m. p. 242° (decomp.) [Hohmann ® gives m. p. 299—301°)] (Found: C, 36-6; H, 5-3, 
CygHgIgN,O, requires C, 36-7; H, 5-1%); on acid hydrolysis, this dimethiodide afforded 
2,4-dihydroxyquinazoline, m. p. and mixed m. p. 350°. 

The foregoing oil (9-3 g., 62%) distilled mainly as 1,3-bis-2’-dimethylaminoethyl-1,2,3,4- 
tetrahydro-2,4-dioxoquinazoline (Il; R = NMe,) at 202°/1 mm. (lit.,3 b. p. 234—236°/9 mm.) 
(Found: C, 62-8; H, 7-8; N, 18-2. C,,H,,N,O, requires C, 63-1; H, 8-0; N, 18-4%). This 
distillate (3 g.) in ethanol (25 ml.) furnished with methyl iodide (3-2 g.), after 1 hr. at room 
temperature, a solid (5-5 g.) which, by fractional crystallisation from aqueous ethanol, was 
separated into the same dimethiodide, m. p. and mixed m. p. 242° (decomp.) (Found: C, 36-3; 
H, 5:3; I, 44-0. Calc. for C,gHygI,N,O,: C, 36-7; H, 5-1; I, 43-1%), and 1,3-bis-2’-dimethyl- 
aminoethyl-1,2,3,4-tetrahydro-2,4-dioxoquinazoline dimethiodide, prisms, m. p. 305° (decomp.) 
(Found: C, 36-8; H, 4:8; I, 44-8; N, 9-6. C,,H39I,N,O, requires C, 36-7; H, 5-1; I, 43-1; 
N, 9°5%). 

In other experiments the distillate behaved as a single-compound. It furnished a single 
dipicrate, which crystallised from glacial acetic acid as prisms, m. p. 213—-214° (Found: C, 44-4; 
H, 4:0. CygH 3—9Ny90,, requires C, 44-1; H, 4-0%), and a dihydrobromide as hygroscopic prisms 
(from acetonitrile), m. p. 124° (effervescence) (Found, on dried material: Br, 34-0. 
C,,H..Br,N,O, requires Br, 34:-3%). On being boiled for 4 hr. with hydrobromic acid (47-5%), 
the distilled oil furnished the same dihydrobromide, m. p. and mixed m. p. 124° (effervescence). 

Diethyl-2-hydroxyethylmethylammonium iodide had m. p. 269° (decomp.); Emde and 
Runne ® record m. p. 249°. Its picrate crystallised from ethanol as needles, m. p. 239—241° 
(Found: C, 43-4; H, 5-5. C,3;H. N,O, requires C, 43-3; H, 5-6%). 

2-(2-Chloro-4-quinazolinyloxy)ethyldiethylmethylammonium fTIodide (III; R=Cl, R’= 
NMeEt,}I).—The solid obtained by boiling together 2,4-dichloroquinazoline (1-95 g.), diethyl- 
2-hydroxyethylmethylammonium iodide (5 g.) and triethylamine (2 g.) in acetone (100 ml.) for 
5 days furnished this ether (2-2 g., 52%) as prisms, m. p. 200° (decomp.) (from ethanol) (Found: 
C, 42-7; H, 4:8; N, 9-7. C,;H,,CIIN,O requires C, 42-7; H, 5-0; N, 10-0%). 

2-Chlovo-4-2’-hydroxyethoxyquinazoline (III; R= Cl, R’ = OH).—2,4-Dichloroquinazoline 
(25 g.) and ethylene glycol (15-5 g.) were boiled in acetone (350 ml.) for 4 hr. with potassium 
carbonate (35 g.). The acetone-soluble ether (III; R=Cl, R’ = OH) (246 g., 87%), 
precipitated by water, crystallised from benzene as needles, m. p. 125° (Found: C, 53-7; H, 3-8; 
N, 12-5. C,,H,CIN,O, requires C, 53-5; H, 4-0; N, 12-5%). 1,2-Di-(2-chloro-4-quinazolinyloxy)- 
ethane (1-6 g.), needles, m. p. 208°, from 2-ethoxyethanol, was the acetone-insoluble product 
[Found: C, 56-2; H, 3-3; N, 14:1%; M (Rast), 356. C,,H,,Cl,N,O, requires C, 55-8; H, 3-1; 
N, 145%; M, 387]. 

2-Chloro-4-2’-chloroethoxyquinazoline (III; R= R’ = Cl).—A solution of 2,4-dichloro- 
quinazoline (25 g.) and ethylene chlorohydrin (20 g.) in acetone (350 ml.) was boiled for 5 hr. 
with potassium carbonate (35 g.), filtered, evaporated, and diluted with water. The precipitated 
ether (25-4 g., 84%) crystallised from light petroleum as plates, m. p. 101—103° (Found: C, 49-8; 
H, 3-6; N, 11-1. C,H,Cl,N,O requires C, 49-4; H, 3-3; N, 115%). When boiled with 
concentrated hydrochloric acid for 1 hr., this compound gave 2,4-dihydroxyquinazoline, m. p. 
and mixed m. p. 349°. 


® Emde and Runne, Arch. Pharm., 1911, 249, 371. 





[1960] Cyclic Amidines. Part XI. 3549 


2-Chlovo-3-2’-chloroethyl-3,4-dihydro-4-oxoquinazoline (IV; R= R’ = Cl).—({i) 2-Chloro- 
4-2’-chloroethoxyquinazoline when distilled at 166°/1-1 mm. yielded the isomeric 3-2’-chloro- 
ethyl derivative which crystallised from light petroleum as needles, m. p. 91—92° (Found: 
C, 49-5; H, 3-6; Cl, 29-4; N, 11-3. C,9H,Cl,N,O requires C, 49-4; H, 3-3; Cl, 29-2; N, 11-5%). 
This compound, when boiled for 30 min. with concentrated hydrochloric acid, gave the 
2-hydroxyquinazoline (IV; R= OH, R’=Cl), m. p. 195-5—196°, not depressed by an 
unambiguously synthesised specimen (see below) (Found: C, 53-1; H, 4-4; Cl, 16-3; N, 12-2. 
CygH,CIN,O, requires C, 53-5; H, 4-4; Cl, 15-8; N, 12:5%). 

(ii) 2-Chloro-4-2’-hydroxyethoxyquinazoline (1 g.) was boiled for 30 min. with thionyl 
chloride (10 ml.) and poured on ice. The precipitate was the same 3-2’-chloroethyl derivative, 
m. p. and mixed m. p. 91—92°. 

Methyl 0-Ethoxycarbonylaminobenzoate-—A mixture of methyl anthranilate (30-2 g.) and 
ethyl chloroformate (21-7 g.), after the initial exothermic reaction, was heated on a steam-bath 
for 15 hr. and distilled at 172°/14 mm., m. p. 62° (yield 43 g., 97%). Heller # gives m. p. 62°. 

3,4-Dihydro -2-hydroxy-3-2’ -hydroxyethyl-4-oxoquinazoline (IV; R = R’ = OH).—Methyl 
o-ethoxycarbonylaminobenzoate (11-2 g.) and ethanolamine (6-2 g.) were heated together at 
160° for 40 min. The paste resulting furnished the guinazoline (7-4 g., 72%) when digested with 
chloroform; it crystallised as prisms, m. p. 253-5—254°, from aqueous acetic acid (Found: 
C, 58-6; H, 5-0; N, 13-5. CoH )N.O, requires C, 58-3; H, 4:9; N, 13-6%). With 1 mol. of 
ethanolamine the yield was 54%. 

3-2’-Chloroethyl-3,4-dihydro-2-hydroxy-4-oxoquinazoline (IV; R= OH, R’=Cl) was 
quantitatively produced when the foregoing alcohol was refluxed with thionyl chloride for 
30 min., and crystallised from methanol as plates, m. p. and mixed m. p. 195-5—196°. 

2-Chloro-4-3'-hydroxypropoxyquinazoline (III; R=Cl, R’ = CH,°OH), prepared from 
trimethylene glycol and 2,4-dichloroquinazoline, crystallised from benzene-light petroleum as 
prisms, m. p. 99—100° (Found: C, 55-4; H, 4-4; N, 11-6. C,,H,,CIN,O, requires C, 55-4; 
H, 4-6; N, 11:7%), and gave 2,4-dihydroxyquinazoline when boiled for 2 hr. with concentrated 
hydrochloric acid. 

2-Chloro-3-3’-chloropropyl-3,4-dihydro-4-oxoquinazoline (IV; R=Cl, R’ =CH,Cl) was 
obtained (28%) by interaction of the foregoing hydroxy-ether and thionyl chloride; it 
crystallised from light petroleum as needles, m. p. 114-5—115° (Found: C, 51-2; H, 4-1; 
N, 10-7. C,,HyCl,N,O requires C, 51-4; H, 3-9; N, 10-9%). Hydrolysis (0-5 g.) with boiling 
concentrated hydrochloric acid furnished the corresponding 2-hydroxyquinazoline (IV; R = OH, 
R’ = CH,Cl) (0-4 g.) which formed plates, m. p. 176—177°, from ethanol (Found: C, 55-4; 
H, 4:7; N, 11-7. C,,H,,CIN,O, requires C, 55-4; H, 4-6; N, 11-7%). 

1,3-Di-(2-chloroethyl) -1,2,3,4-tetrahydro-2,4-dioxoquinazoline (II; R = Cl).—2,4-Di-(2- 
hydroxyethoxy)quinazoline 7 (3 g.) was boiled with thionyl chloride (20 ml.) for 45 min. An 
ethanol solution of the residue obtained on removal of the excess of thionyl chloride im vacuo 
deposited the 1,3-di-(2-chloroethyl) derivative as prisms, m. p. 127—128° (Found: C, 50-6; 
H, 4-4; Cl, 25-1; N, 9-9. C,.H,,Cl,N,O, requires C, 50-2; H, 4:2; Cl, 24-7; N, 98%). This 
compound was inert to boiling hydrobromic acid (47-5%). 

2-Anilino-4-2’-hydroxyethoxyquinazoline (III; R= NHPh, R’ = OH).—(i) 2-Anilino-4- 
ethoxyquinazoline “ (5-3 g.) was kept for 42 hr. in ethylene glycol (60 ml.) containing sodium 
(0-46 g.). The material precipitated by the addition of water afforded the hydroxyethyl ether 
(2-2 g., 39%) as prisms, m. p. 116—116-5° (from propan-2-ol) (Found: C, 68-8; H, 5-7; N, 14-7. 
C,gH,,N,O, requires C, 68-3; H, 5-4; N, 149%). Its picvate, prisms from ethanol, had m. p. 
188—188-5° (Found: N, 16-2. C,,H,,N,O, requires N, 16-5%). When the reaction was 
performed in boiling ethylene glycol, the product was 2-anilino-4-hydroxyquinazoline. 

(ii) 2-Chloro-4-2’-hydroxyethoxyquinazoline (III; R = Cl, R’ ='OH) (4-5 g.) and aniline 
(1-9 g.), when boiled in ethanol (30 ml.) for 1 hr., furnished the hydrochloride (6 g., 94%) which 
crystallised from methanol as prisms, m. p. 187° (Found: C, 60-3; H, 5-2. C,,H,,CIN,O, 
requires C, 60-5; H, 5-1%). The liberated base had m. p. and mixed m. p. 116—117°. 

2-Anilino-4-2’-chloroethoxyquinazoline (III; R= NHPh, R’ = Cl). The foregoing hydro- 
chloride (2 g.) was boiled in thionyl chloride (15 ml.) for 15 min. and the solution was evaporated 
under reduced pressure. Crystallisation of the residue from methanol gave the chloroethoxy- 
hydrochloride (1-6 g., 76%), m. p. 169—170° (effervescence) (Found: C, 54-7; H, 4-6; N, 11-7. 

%” Heller, Ber., 1918, 51, 424; Heller and Lauth, J. prakt. Chem., 1928, 118, 226. 

1 Lange and Sheibley, J. Amer. Chem. Soc., 1932, 54, 1994. 
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C,gH,,Cl,N,O,H,O requires C, 54-2; H, 4-8; N, 119%). Its picrate separated as prisms, m. p, 
196—197° (decomp.), from glacial acetic acid (Found: C, 49-9; H, 3-1. C,.H,,;CIN,O, requires 
C, 50-0; H, 3-2%). This hydrochloride, on hydrolysis, yielded 2-anilino-4-hydroxyquinazoline, 
m. p. and mixed ™ m. p. 261°, characterised as its acetyl derivative, m. p. and mixed! m, p, 
202—204°. 

4-Benzyloxy-2-chloroquinazoline (6-6 g., 98%) was obtained when 2,4-dichloroquinazoline 
(5 g.) was added during 15 min. to sodium (0-58 g.) in benzyl alcohol (50 ml.) at below 10°, and 
the mixture was kept for 2 hr., evaporated, and treated with water. It formed prisms (from 
light petroleum), m. p. 95—97°, b. p. 202°/1'5 mm. (Found: C, 66-6; H, 4:1; N, 10-3, 
C,,H,,CIN,O requires C, 66-5; H, 4:1; N, 10-4%). The distilled material furnished 2,4-di- 
hydroxyquinazoline, m. p. and mixed m. p. 350°, when boiled for 1 hr. with concentrated 
hydrochloric acid. 

4-Allyloxy-2-chloroquinazoline, prepared analogously from sodium allyloxide, crystallised 
from light petroleum as laths, m. p. 76-5—77°, b. p. 220°/54 mm. (Found: C, 60-1; H, 4-4; 
N, 12-1. C,,H,CIN,O requires C, 59-9; H, 4-1; N, 12-7%). The distilled compound was later 
hydrolysed to 2,4-dihydroxyquinazoline. 

2-Chloro-4-2'-chloropropoxyquinazoline (V; R= Cl).—2,4-Dichloroquinazoline (10 g), 
2-chloropropan-1-ol 12 (9-5 g.), potassium carbonate (14 g.), and acetone (140 ml.) were boiled 
together for 54 hr. The filtered suspension on evaporation in vacuo gave an oil which partly 
solidified. By recrystallisation of the solid from light petroleum below room temperature the 
quinazoline ether (4-7 g.) was obtained as prisms, m. p. 64° (Found: C, 51-3; H, 4:1; N, 10-6. 
C,,HyCl,N,O requires C, 51-4; H, 3-9; N, 10-9%). 

2-Chloro-3-(2-chloro-1-methylethyl)-3,4-dihydro-4-oxoquinazoline (VI; R= Cl) was formed 
when the foregoing ether was heated at 200° for 5 min., then distilled at 130°/0-1 mm., and 
crystallised from light petroleum as prisms, m. p. 98° (Found: C, 51-4; H, 3-9; N, 10-9. 
C,,H,,Cl,N,O requires C, 51-4; H, 3-9; N, 10-9%). On acid-hydrolysis, it afforded 
the corresponding 2- ~hydroxyquinazoline (VI; R= OH),:m. p. 183—184°, undepressed by 
an unambiguously synthesised specimen (see below) (Found: C, 55:2; H, 45; N, 119. 
C,,H,,CIN,O, requires C, 55-4; H, 4:6; N, 11-7%). 

3,4-Dihydro-2-hydroxy -3-(2-hydroxy-1-methylethyl) -4- oxoquinazoline.—Methyl] o-ethoxy- 
carbonylaminobenzoate (11-2 g.) and 2-aminopropan-l-ol }* (7-5 g.), heated together at 140° 
for 75 min., gave a gum from which the quinazoline was extracted with benzene (4 x 20 ml.) 
(0-75 g.) and with ethyl acetate (20 ml.) (1-75 g.); it formed prisms, m. p. 214-5°, from aqueous 
ethanol (Found: C, 59-7; H, 5-6; N, 13-0. C,,H,,N,O, requires C, 60-0; H, 5-5; N, 12-7%). 

3-(2-Chloro-1-methylethy])-3,4-dihydro-2-hydroxy-4-oxoquinazoline (VI; R= OH) was 
formed quantitatively from the foregoing alcohol and thionyl chloride, and crystallised from 
methanol as prisms, m. p. and mixed m. p. 182—183°. 

3,4-Dihydro-2-hydroxy-3-2'-hydroxypropyl-4- oxoquinaz zoline (VII; R= OH).—(i) Heating 
methyl o-ethoxycarbonylaminobenzoate and 1l-aminopropan-2-ol (2 mol.) at 160° for 75 min. 
afforded this guinazoline (50%) which formed prisms, m. p. 205—206°, from ethanol (Found: 
C, 59-8; H, 5-4; N, 12-4. C,,H,,N,O, requires C, 60-0; H, 5-5; N, 12-7%). 

(ii) 2,4-Dihydroxyquinazoline (8-1 g.) in 50% aqueous ethanol (150 ml.) containing sodium 
(1-2 g.) was boiled with 1-chloropropan-2-ol (4-7 g.) for 4 hr. The solid (0-8 g.) obtained on 
filtration and concentration of the suspension yielded the same compound, having m. p. and 
mixed m. p. 205—206° on crystallisation first from water and then from ethyl acetate. 

3-2’-Chloropropyl-3,4-dihydro-2-hydroxy-4-oxoquinazoline (VII; R=Cl) was_ prepared 
(94%) by refluxing the foregoing alcohol with thionyl chloride and crystallised from ethanol 
as plates, m. p. 205-5—206°, depressed to 190° by the original alcohol (Found: C, 55-1; H, 4-7; 
N, 11-7. C,,H,,CIN,O, requires C, 55-4; H, 4-6; N, 11-7%). 


The authors gratefully acknowledge their indebtness to Miss G. L. M. Harmer for the 
pharmacological tests. 


Tue UNIvERsItTy, NOTTINGHAM. (Received, February 16th, 1960.) 


#2 Fickett, Garner, and Lucas, J. Amer. Chem. Soc., 1951, 78, 5063. 
13 Attenburrow, Elks, Hems, and Speyer, J., 1949, 510. 
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711. Cyclic Amidines. Part XII Imidazo[2,1-b|quinazolines ° 
and Oxazolo[2,3-b|quinazolines. 


By R. J. Grout and M. W. PARTRIDGE. 


Basic ethers of 2-chloro-4-hydroxyquinazoline have been shown to 
undergo a thermal rearrangement, followed by cyclisation to imidazo[2,1-b]- 
quinazolines (I). The latter were also obtained by a direct synthesis, which 
with modification led to oxazolo[2,3-b]quinazolines (II). No useful chemo- 
therapeutic activity was observed in these compounds. 


EXPERIMENTS on rearrangements of basic ethers of quinazolines led to the production of a 
derivative of 5-oxoimidazo[2,1-b]quinazoline (I). The work now described relates to 
compounds of this type and to analogous oxazolo[2,3-b]quinazoline derivatives (II). 
2,4-Dichloroquinazoline and sodium 2-diethylaminoethoxide at 10° afforded a chloro- 
ether, easily hydrolysable to 2,4-dihydroxyquinazoline, and which, in view of the difference 
in reactivity of the halogens in 2,4-dichloroquinazoline,? was assigned the structure (III; 
R=NEt,). On distillation, this ether (III; R= NEt,) lost the elements of ethyl 
chloride to give 1-ethyl-1,2,3,5-tetrahydro-5-oxoimidazo[2,1-b]quinazoline (I; R = Et) 


ie Nae O-CH,-CH,R i) 
RO CCD So) 28 ae 
8 amr 1/2 ~ a~'1 7/2 cl R’ 
NT ON ~~ “N7 So ‘ N* 
10 R 10 
(I) 


(IT) (IIT) (IV) 


which was unambiguously synthesised from 2-chloro-3-2’-chloroethyl-3,4-dihydro-4-oxo- 
quinazoline 1 (IV; R = R’ = Cl) and ethylamine and, as expected, was stable to concen- 
trated hydrochloric acid and to permanganate in acetone. It was spectroscopically very 
similar to both 2-amino-3-ethyl-3,4-dihydro-4-oxo- (IV; R = H, R’ = NH,) and 2-ethyl- 
amino-4-hydroxy-quinazoline.® ; 

The 1-methylimidazoquinazoline (I; R = Me) was analogously produced when the 
quinazoline ether (III; R = NMe,) was heated at 140°; 1,2,3,4-tetrahydro-3-methyl-2,4- 
dioxoquinazoline was an additional product of this reaction. This result, together with 
our observations on the rearrangements of basic ethers of quinazolines,! implied that 
3-aminoalkylquinazolines (IV; R = NEt, or NMe,, R’ = Cl), formed by an intramole- 
cular rearrangement of the ethers (III; R = NEt, or NMe,), were intermediates in the 
cyclisation. 

A direct synthesis of this type of intermediate was not achieved. The corresponding 
2-hydroxyquinazoline (IV; R = NEt,, R’ = OH) was produced by alkylation of 2,4-di- 
hydroxyquinazoline with 2-diethylaminoethy] chloride, by treatment with hot nitrous acid 
of the product (IV; R = NEt,, R’ = NH,) of a similar alkylation of 2-amino-4-hydroxy- 
quinazoline, and unambiguously from methyl o-ethoxycarbonylaminobenzoate and 
2-diethylaminoethylamine. However this 3-substituted 2-hydroxyquinazoline (IV; R = 
NEt,, R’ = OH) could not be caused to react with a phosphorus chloride. We are not 
aware of a previous example of this type of reaction. 

The imidazoquinazolines (I; R= H, OH, Bu®, [CH,],-OH, C,H,,, CH,Ph, Ph, 
p-C,H,Me, -MeO-C,H,, p-HO-C,H,, p-Me,N-C,Hy, p-Et,N°C,Hy, 6-C,)H,) were synthesised 
from the appropriate amine and 2-chloro-3-2’-chloroethyl-3,4-dihydro-4-oxoquinazoline 
(IV; R=R’=Cl). 2-Aminopyridine afforded two products; the spectroscopic 

1 Part XI, preceding paper. 

* Lange and Sheibley, J. Amer. Chem. Soc., 1931, 58, 3867; 1933, 55, 1188; Curd, Landquist, and 


Rose, J., 1947, 775. 
* Grout and Partridge, /., 1960, 3540. 
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similarity between the colourless product and its phenyl analogue favoured the structure 
(I; R = 2-pyridyl). Either of the possible tetracyclic compounds having a seven-mem- 
bered ring was consistent with the composition of the yellow product; its high-intensity 
absorption band at 365—400 my appears to be referable to an extended chromophore as 
in (V), and not to a displaced and intensified » —» x-band of a simpler quinazoline. 

Interaction of 2-aminoethylammonium toluene-f-sulphonate and methyl o-ethoxy- 
carbonylaminobenzoate appeared to offer an alternative route to the imidazoquinazoline 
(I; R=H). However, its isomer (VI) was formed in low yield. 


4 on 


(VI) (VII) 


1,2,3,5-Tetrahydro-5-oxoimidazo[2,1-b]quinazoline (I; R= H) was not dehydro- 
genated by palladised charcoal, and the hydrobromide of a bromo-derivative could not be 
fully dehydrobrominated. Ethyl hydantoate, benzenesulphonyl chloride, and methyl 
anthranilate, possibly by interaction of intermediately formed ethoxycarbonylmethyl- 
cyanamide * with the methyl anthranilate, afforded an acidic substance C,)H,N,O, which 
may have been a 2- or 3-hydroxy-derivative of (VII), but it could not be converted into a 
chloro-derivative for reduction to the imidazoquinazoline (VII). However, the cyclic 
secondary hydroxylamine (I; R = OH) with benzenesulphonyl chloride in pyridine did 
yield the dehydrogenated imidazoquinazoline (VII) (a similar dehydration has recently 
been described *). The presumption of elimination of benzenesulphonic acid from an 
intermediate ester (I; R = Ph’SO,°O) makes the provess consistent with other decom- 
positions involving elimination of an arenesulphonic acid.5 This imidazoquinazoline 
(VII) was amphoteric and furnished two isomeric N-methyl] derivatives. 

The oxazolo[2,3-b]quinazoline (II) was produced by cyclization of 3-2’-chloroethyl- 
3,4-dihydro-2-hydroxy-4-oxoquinazoline (IV; R=Cl, R’ = OH) with alkali, or by 
alkylation of 2,4-dihydroxyquinazoline with ethylene dibromide. The possibility of the 
formation of the angular isomers (VIII), or the corresponding oxazolo[3,2-a]quinazoline, 
was not excluded by these syntheses. However, the assigned linear structure was 
confirmed by alkaline hydrolysis to 3,4-dihydro-2-hydroxy-3-2’-hydroxyethyl-4-oxo- 
quinazoline* (IV; R= R’ = OH) and by direct synthesis from 2-chloro-4-hydroxy- 
quinazoline and ethylene oxide. 2- and 3-Methyl derivatives of compound (II) were 
analogously formed by the cyclisation of appropriate 3-2'-chloroalkyl-2-hydroxy- 
quinazolines. 

A number of projected syntheses of the oxazoloquinazoline (II) were unsuccessful. 
2-Chloro-4-hydroxyquinazoline failed to react with ethylene chlorohydrin. Cyclisation 


12) ic Oo a) ° 
O~wn SN Br N-CH,*CH2R 


(VIII) (IX) (X) 


of the cyclic imidoate (IV; R = Cl, R’ = OEt) by elimination of ethyl chloride could not 
be effected. Attempted syntheses of the angular isomer (VIII) by thermal cyclisation of 
the substituted oxazolines (IX; R = Et or Ph) furnished no recognisable product. 


* Bonnett, Brown, Clark, Sutherland, and Todd, J., 1959, 2094. 
* Cooper and Partridge, J., 1954, 3429; Partridge and Turner, /J., 1958, 2086. 
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Bromination of the oxazoloquinazoline (II) resulted in fission of the oxazolidine ring, 
yielding the dibromoquinazoline (X; R = Br), the orientation of which was deduced by 
comparison of the product of its alkaline hydrolysis (X; R= OH) with a specimen 
unequivocally synthesised from methyl 5-bromoanthranilate. The dibromoquinazoline 
(X; R = Br) with dimethylaniline afforded the tertiary base (X; R = NMePh). 

A number of the foregoing compounds were examined for schistosomicidal, molluscicidal, 
and viricidal activity; none was observed. 


EXPERIMENTAL 


1-Ethyl-1,2,3,5-tetrahydvo-5-oxoimidazo[2,1-b]quinazoline (I; R = Et).—(i) 2-Diethylamino- 
ethanol (50 ml.) containing sodium (0-58 g.) was treated at 5—10° during 25 min. with 2,4-di- 
chloroquinazoline (5 g.), stirred at 5—10° for 30 min., kept at room temperature for 1 hr., and 
filtered. The oil resulting from the removal of 2-diethylaminoethanol in vacuo was collected 
in ether, washed with water, dried (K,CO,), and recovered as 2-chloro-4-2’-diethylamino- 
ethoxyquinazoline (III; R = NEt,) (5-6 g.) which was characterised as its picrate, m. p. 152° 
(Found: C, 47-2; H, 4-3; N, 16-5. C, 9H,,CIN,O, requires C, 47-2; H, 4-2; N, 16-5%), as its 
hydrochloride, m. p. 190° (from ethanol) (Found: C, 53-6; H, 6-1. C,,H,,Cl,N,O requires 
C, 53-2; H, 6-1%), and by its hydrolysis with concentrated hydrochloric acid to 2,4-dihydroxy- 
quinazoline, m. p. and mixed m. p. 350°. 

On distillation at 211°/1-3 mm., this oil gave the imidazoquinazoline (I; R = Et) (3 g., 56%), 
which crystallised from benzene-light petroleum as prisms, m. p. 105—106°, Amax, 232, 273, and 
331 mp (e 35,200, 17,600, and 3200) [Found: C, 67-4; H, 5-9; N, 19-9%; M (Rast), 214. 
C,gH,,;N,O requires C, 67-0; H, 6-1; N, 19-5%; M, 215]. Its picrate crystallised from ethanol 
as prisms, m. p. 257-5—258° (decomp.) (Found: C, 48-6; H, 3-6; N, 18-8. C,,H,,N,O, 
requires C, 48-7; H, 3-6; N, 18-9%). With bromine in chloroform it furnished a bromo-deriv- 
ative hydrobromide which separated from ethanol as prisms, m. p. 297—-298° (decomp.) (Found: 
C, 38-4; H, 3-8; N, 10-7. C,,H,,Br,N,O requires C, 38-4; H, 3-5; N, 11-2%). 

(ii) 2-Chloro-3-2’-chloroethy]-3,4-dihydro-4-oxoquinazoline (IV; R= R’=Cl) (2-4 g.) 
was kept in ethanol (30 ml.) with ethylamine (4-1 g.) for 6 days. Removal of the solvent 
yielded an oil which when crystallised from aqueous ammonia and from benzene-light petroleum 
afforded the imidazoquinazoline (I; R = Et), m. p. and mixed m. p. 104—105° [picrate, m. p. 
and mixed m. p. 257—258° (decomp.)]. 

1,2,3,5- Tetrahydro -1-methyl-5-oxoimidazo[2,1-b]quinazoline (I; R = Me).—2,4-Dichloro- 
quinazoline (10 g.) and 2-dimethylaminoethanol (4-5 g.), boiled in acetone (90 ml.) for 90 min., 
deposited 2-chloro-4-2’-dimethylaminoethoxyquinazoline hydrochloride (III; R = NMe,,HCl) 
(11-1 g.) which crystallised from methanol-ether as plates, m. p. 186—186-5° (Found: C, 50-1; 
H, 5-1. (C,,.H,;Cl,N,O requires C, 50-0; H, 5-3%); the derived picrate had m. p. 171—172° 
(decomp.) (Found: C, 45-3; H, 3-6. C,,H,,CIN,O, requires C, 45-0; H, 3-6%). 

The oily base, liberated from the hydrochloride (5 g.) by ammonia, effervesced at 140°. 
After 10 min. at 140°, lactic acid-soluble material was extracted, liberated with ammonia, 
extracted with ether for 4 days, and recovered. Fractional crystallisation from ethyl acetate 
then afforded 1,2,3,4-tetrahydro-3-methyl-2,4-dioxoquinazoline,* m. p. and mixed m. p. 234— 
236°, and the imidazoquinazoline (I; R = Me) (0-9 g.) which separated from light petroleum as 
needles, m. p. 172—174°, Amex, 230, 266, 273, 326, and 340 (infl.) my (e 51,000, 19,600, 20,200, 
3200, and 2700) (Found: C, 65-4; H, 5-4; N, 21-4. (C,,H,,N,O requires C, 65-7; H, 5-5; 
N, 20-9%). Its picrate separated from water as prisms, m. p. 246° (decomp,) (Found: loss at 
120°/vac., 2-1; C, 46-7; H, 3-4. C,,H,,N,O,,$H,O requires H,O, 2-0; C, 46-5; H, 3-4%). 
The hydrochloride formed prisms, m. p. 265° (decomp.), from ethanol (Found: C, 47-0; H, 5-6; 
N, 15-0. C,,H,,CIN,O,2$H,O requires C, 46-7; H, 6-1; N, 14-9%). 

2-Amino-3-2’-diethylaminoethyl-3,4-dihydro-4-oxoquinazoline (IV; R= NEt,, R’ = NH,) 
was obtained (2-98 g., 88%) when 2-amino-4-hydroxyquinazoline (2 g.) and 2-diethylamino- 
ethyl chloride hydrochloride (2-4 g.) in ethanol (25 ml.) containing sodium (0-61 g.) and sodium 
iodide (0-2 g.) was heated to the b. p., then kept overnight and worked up. It formed prisms, 
m. p. 119—121°, from benzene-light petroleum (Found: C, 64:8; H, 7-7; N, 21:9. C,H.» N,O 





* Bogert and Scatchard, J. Amer. Chem. Soc., 1919, 41, 2052. 
5Y 
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requires C, 64-6; H, 7-7; N, 21:5%). Its picrate (prisms from acetone) had m. p. 236—237.5° 
(decomp.) (Found: N, 19-8. C, 9H,;N,O, requires N, 20-0%), and its methiodide (prisms from 
methanol) had m. p. 220° (Found: C, 44-5; H, 5-6. C,;H,,IN,O requires C, 44-8; H, 5-8%), 

3-2’-Diethylaminoethyl-3,4-dihydro-2-hydroxy-4-oxoquinazoline (IV; R = NEt,, R’ = OH),— 
(i) A boiling solution of the foregoing 2-aminoquinazoline (2-6 g.) in 10% hydrochloric acid 
(60 ml.) was treated during 30 min. with 50% aqueous sodium nitrite (30 ml.), then basified 
with ammonia. The precipitated 2-hydroxyquinazoline (IV; R = NEt,, R’ = OH) (1-5 g) 
crystallised from aqueous ethanol as prisms, m. p. 148—149° (Found: C, 64-2; H, 7-5; N, 16-1, 
C,,H,,N,O, requires C, 64-3; H, 7-3; N, 16-1%). From aqueous acetic acid its picrate formed 
prisms, m. p. 219—220° (decomp.) (Found: C, 49-1; H, 4-7. C.H,,N,O, requires C, 49-0; 
H, 45%); its hydrochloride crystallised from ethanol as needles, m. p. 265—266° (Found: 
C, 56-7; H, 6-8; N, 14-0. C,,H,9CIN,O, requires C, 56-5; H, 6-8; N, 14-1%), and its methiodide 
formed prisms, m. p. 245° (decomp.), from methanol (Found: C, 44-8; H, 5-5. C,;H,,IN,O, 
requires C, 44-7; H, 5-5%). 

(ii) A solution of 2-diethylaminoethyl chloride hydrochloride (9-5 g.) was boiled for 5 hr. 
with 2,4-dihydroxyquinazoline (8-1 g.) in aqueous ethanol (250 ml.) containing sodium (3-4 g.) 
and sodium iodide (0-8 g.), and then concentrated. The basic fraction of the precipitate, after 
recrystallisation, afforded the same compound (6 g., 46%), m. p. and mixed m. p. 148—149° 
and the same picrate, m. p. and mixed m. p. 219—220° (decomp.), as above. 

(iii) Methyl o-ethoxycarbonylaminobenzoate (4-5 g.), when heated at 180° for 2 hr. with 
2-diethylaminoethylamine (2-3 g.), diluted with chloroform, extracted with dilute 
hydrochloric acid, and basified, furnished this 2-hydroxyquinazoline (IV; R = NEt,, R’ = OH) 
(1-6 g.), m. p. and mixed m. p. 148—149°; the picrate prepared from this had m. p. and mixed 
m. p. 219—220° (decomp.). 

1,2,3,5-Tetrahydro-5-ox0-1-phenylimidazo[2,1-b]quinazoline (I; R= Ph) separated as its 
hydrochloride (2-4 g., 80%) when 2-chloro-3-2’-chloroethyl-3,4-dihydro-4-oxoquinazoline! 
(2:4 g.) was boiled for 1 hr. with aniline (1-9 g.) in ethanol (25 ml.), and crystallised 
from methanol—ether as prisms, m. p. 230—233° (Found: C, 63-8; H, 44; N, 13-8, 
C,,H,,CIN,O requires C, 64-1; H, 4:7; N, 140%). The base (0-24 g., 9%), precipitated from 
the mother-liquor with ammonia, separated from ethanol as prisms, m. p. 164—165°, Amex 223, 
286, 296, (infl.), and 327 my (e 31,600, 28,100, 23,800, and 3660) (Found: C, 72-9; H, 4-8; 
N, 15-9. C,,H,,;N,;O requires C, 73-0; H, 5-0; N, 16-0%). 

1,2,3,5-Tetrahydro-5-oxoimidazo[2,1-b]quinazolines (I) listed in the Table were analogously 
prepared from the 2-chloro-3-2’-chloroethylquinazoline+ (IV; R= R’=Cl) and the 
appropriate amine. 

Interaction of the 2-Chlovo-3-2’-chloroethylquinazoline (IV; R= R’ =Cl) and 2-Amino- 
pyridine.—These compounds reacted exothermically when heated at 135° for 15 min. The 
methanol-soluble product (31%), on basification with ammonia, collection in ether, and 
recovery, formed colourless prisms, m. p. 185—186°, from benzene-light petroleum and was 
probably the pyridylimidazo[2,1-b]quinazoline (I; R = C,;H,N); it had Agay 222, 240, (infl.), 
296, and 330 (infl.) mp (e 41,400, 26,400, 35,200, and 4900) (Found: C, 67-9; H, 4-5; N, 21:3. 
C,;H,,N,O requires C, 68-2; H, 4:6; N, 21-2%). Its picrate separated from aqueous acetic 
acid as prisms, m. p. 204° (decomp.) (Found: C, 51-2; H, 3-0. C,,H,,N,O, requires C, 51-1; 
H, 3-1%). The methanol-insoluble product crystallised from methanol as needles, m. p. 
352° (decomp.), and was probably 12,13-dihydro-15-oxopyrido[1,2-a]quinazo[2,3-d]-[1,3,5]- 
triazepine (V) hydrochloride (Found: C, 53-8; H, 5-1; Cl, 10-7; N, 16-1. C,;H,,.N,O,HC1,2H,0 
requires C, 53-5; H, 5-1; Cl, 10-5; N, 16-6%); the base (V) separated from ethanol as yellow 
prisms, m. p. 264° (decomp.), Amax, 215, 304, 365, and 395 (infl.) my (e 37,900, 25,500, 33,800, 
and 18,500) (Found: C, 67-8; H, 4-5; N, 20-8. C,,H,.N,O requires C, 68-2; H, 4-6; N, 21-2%); 
the picrate crystallised from glacial acetic acid as needles, m. p. 249° (decomp.) (Found: C, 51:3; 
H, 3-2; N, 19-6. C,,H,;N,O, requires C, 51-1; H, 3-0; N, 19-9%). 

2-Hydroxy-4,5-dihydroimidazo[1,2-c]quinazoline (V1).—This compound separated (0-53 g.) 
when methyl o-ethoxycarbonylaminobenzoate (5-6 g.) was heated at 180° for 2 hr. with 2-amino- 
ethylammonium toluene-p-sulphonate (5-8 g.), the melt was digested with water and chloroform, 
and the aqueous layer was basified with ammonia. It crystallised from 2-ethoxyethanol as 
prisms, m. p. 299—300° (decomp.), Amax. 250, 305 (infl.), 316, and 330 my (e 8150, 4600, 6800, and 
5600) (Found: C, 63-8; H, 4-7; N, 22-5. C,gH,N,O requires C, 64:2; H, 4-9; N, 22-5%). 
Its picrate formed tablets, m. p. 301° (decomp.), from aqueous acetic acid (Found: C, 46-3; 
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1,2,3,5-T etrahydro-5-oxoimidazo[2,1-b]quinazolines (I). 


Yield Found (%) Reqd. (%) 
M. p. (%) Formula H N H 
65—66° 25 C,,H,,N;O 
174—174°5 CapHapN,O, 
138-5—140 54 C,2H,3N3,0, 
220—221 * 
142—143 34 
228—229 * 
124—124-5 39 
picrate ¢ 158—159 * 
p- — 198-5 93 
231—236 
183—183-5 95 
240 *. 
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* With decomp. 

* Found: loss at 100°/vac., 3-2. C,3H,,N,O,,H,O requires H,O, 3-4%. © Amex. 233, 267, and 
318 mp (ce 34,200, 12,900, and 3060); this compound gave a blue-green colour with ferric chloride. 
© \max. 230, 270, and 327 my (e 45,200, 14,000, and 3400). ¢ Found: Br, 31-8. C,,H,BrN,O requires 
Br, 30-:0%. 


H, 3:0; N, 20-2. C,,H,,.N,O, requires C, 46-2; H, 2-9; N, 20-2%). The water- and chloro- 
form-insoluble product was NWN’-di-o-aminobenzoylethylenediamine, m. p. 244° (Found: 
C, 64:0; H, 6-1; N, 18-8. Calc. for C,,H,,N,O,: C, 64-4; H, 6-1; N, 18-8%); Finger 7 records 
m. p. 245°; the isomeric 1,2-bis-3-phenylureidoethane,® m. p. 245°, depressed its m. p. to 230°. 

Interaction of Ethyl Hydantoate, Methyl Anthranilate, and Benzenesulphonyl Chloride.—Ethyl 
hydantoate (14-6 g.) and benzenesulphonyl chloride (17-7 g.) were kept in pyridine (35 ml.) 
overnight and heated on a steam-bath for 4 hr. with methyl anthranilate (15-1 g.). The solid 
which separated, crystallised, after purification via its sodium salt, from dimethylformamide 
as needles, m. p. 350° (decomp.) (Found: C, 59-5; H, 3-1; N, 20-3. C,.H,N,O, requires 
C, 59-7; H, 3-5; N, 20-9%). With phosphoryl chloride this compound was completely 
carbonised. 

1,5-Dihydvo-5-oxoimidazo[2,1-b]quinazoline (VII).—1,2,3,5-Tetrahydro- 1-hydroxy -5-oxo- 
imidazo{2,1-b]quinazoline (4-5 g.) was kept for 70 hr. in pyridine (100 ml.) with benzenesulphonyl 
chloride (3-9 g.) to give the dihydroimidazoquinazoline (2-85 g.) which sublimed at 210°/0-02 mm. 
and had m. p. 302° (decomp.), Amex, 236, 256, 285, 295, and 354 my (e 35,000, 14,600, 5700, 
5400, and 5400) (Found: C, 64-5; H, 3-8; N, 22-5. C,)H,N,O requires C, 64-9; H, 3-8; 
N, 22:7%). This compound was alkali-soluble and furnished a picrate (needles from glacial 
acetic acid), m. p. 256—259° (decomp.) (Found: N, 19-9. C,,H,)N,O, requires N, 20-3%), and 
an acetyl derivative (needles from ethanol), m. p. 191° (decomp.) [Found: C, 63-3; H, 4-3; 
N, 18:0%; M (Rast), 223. C,,H,N,O, requires C, 63-4; H, 4-0; N, 18:5%; M, 227). 

In less pyridine (60 ml.), these reagents furnished, in addition, an alkali-insoluble benzene- 
sulphonyl derivative (8%), m. p. 231° (decomp.) (from 2-ethoxyethanol) (Found: C, 58-9; 
H, 3-8. C,,H,,N,O,S requires C, 59-1; H, 3-4%). 

With methyl sulphate and alkali two N-methyl derivatives, stable to hydriodic acid and 
separable by ethanol, were obtained. After basification the ethanol-soluble compound (47%) 


? Finger, J. prakt. Chem., 1893, 48, 9: 
§ Curtius and Hechtenburg, J. prakt. nin 1923, 105, 289. 
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crystallised from benzene-light petroleum as prisms, m. p. 174—175° (Found: N, 21-0, 
C,,H,N,O requires N, 21-1%), and the ethanol-insoluble isomer (28%) (needles from light 
petroleum) had m. p. 182—183° (Found: C, 66-3; H, 48; N, 20-9. C,,H,N;O requires 
C, 66-3; H, 4-6; N, 21-1%). 

2,3-Dihydro-5-0x0-oxazolo[2,3-b]quinazoline (II).—({i) A solution of the 3-2’-chloroethyl- 
quinazoline (IV; R = Cl, R’ = OH) (6-7 g.) in dry acetone (100 ml.) was boiled with potassium 
carbonate (8-4 g.) for 3 hr., filtered, concentrated, and poured into water. The precipitated 
oxazoloqui line (5-4 g., 95%) had m. p. 165° (from ethanol), Amsx 222, 246, 254, 262, 308, 
and 320 (infl.) my (e 36,700, 6300, 6450, 5800, 3300, and 2800) (Found: C, 63-6; H, 4-4; 
N, 15-0. CyH,N,O, requires C, 63-8; H, 4:3; N, 149%). The yield on cyclisation with 
sodium ethoxide was 55%. 

(ii) 2,4-Dihydroxyquinazoline (8-1 g.) when boiled with ethylene dibromide (20 g.) in 
ethanol (200 ml.) containing sodium (2-3 g.) gave the same compound (1-9 g.), m. p. and mixed 
m. p. 164—165°. 

(iii) This oxazoloquinazoline (1-4 g.) separated when 2-chloro-4-hydroxyquinazoline* 
(1-8 g.) and ethylene oxide (30 ml.) in 0-4N-sodium hydroxide (25 ml.) were kept for 24 hr.; it 
had m. p. and mixed m. p. 163—165°, Amax 222, 246, 254, 262, 309, and 320 (infl.) (e 37,000, 
6550, 6720, 6080, 3430, and 2820) (Found: C, 63-5; H, 4-2; N, 149%). 

Hydrolysis to 3,4-dihydro-2-hydroxy-3-2’-hydroxyethyl-4-oxoquinazoline,t m. p. and 
mixed m. p. 254°, was effected by boiling 2N-sodium hydroxide (1} hr.). 

2,3-Dihydro-2-methyl-5-0x0-oxazolo[2,3-b]quinazoline was similarly obtained (60%) from 
the analogous 3-2’-chloropropyl derivative + and sodium ethoxide, and separated from light 
petroleum as prisms, m. p. 136° (Found: C, 65-0; H, 4:5; N, 13-8. C,,H,)N,O, requires 
C, 65-3; H, 5-0; N, 13-9%). 

2,3-Dihydvo-3-methyl-5-0x0-oxazolo[2,3-b]quinazoline, analogously prepared (75%) from the 
3-(2-chloro-1-methylethyl) derivative ! and potassium carbonate in acetone, had m. p. 68—70° 
(from ether) (Found: loss at 50°/vac., 4-4. Found, on, dried material: C, 65-7; H, 4-9; 
N, 14:3. C,H gN,O,,4H,O requires H,O, 4-3. C,,H,)N,O, requires C, 65-3; H, 5-0; N, 13-9%). 

3-2’-Chloroethy!-2-ethoxy-3,4-dihydro-4-oxoquinazoline.—This base (IV; R = Cl, R’= OEt) 
was formed (4-8 g.) when its 2-chloro-analogue (4-9 g.) was refluxed for 15 min. in ethanol 
(30 ml.) containing sodium (0-46 g.) and water was added. It crystallised from light petroleum 
as prisms, m. p. 104—105° (Found: N, 11-1. C,,H,,CIN,O, requires N, 11-1%). 

2-0-Ethoxycarbonylaminophenyloxazoline (IX; R = Et).—This product separated when 
2-(o-aminophenyl)oxazoline *® (6-7 g.), ethyl chloroformate (8-3 g.), 2N-sodium hydroxide 
br ml.), and water (150 ml.) were stirred together for 15 min. From light petroleum it 
as prisms, m. p. 98—99-5° (Found: C, 61-4; H, 6-0; N, 11-9. C,,H,,N,O, requires 

C. 61-5; H, 6-0; N, 12-0%). 

2-0-Phenoxycarbonylaminophenyloxazoline (IX; R= Ph) (1 g.) resulted when the fore- 
going compound was refluxed in phenol (10 g.) for 90 min. and the excess of phenol was removed 
in steam; it formed needles, m. p. 170—172°, from ethanol (Found: C, 68-0; H, 5-3; N, 9-6. 
C,gH,,N,O, requires C, 68-1; H, 5-0; N, 9-9%). 

Methyl 5-Bromo-2-ethoxycarbonylaminobenzoate.—This ester (9-8 g.) was prepared by heating 
methyl 5-bromoanthranilate (9-2 g.) with ethyl chloroformate (6 g.) at 120—130° for 8 hr. and, 
isolated by distillation, had b. p. 136—142°/0-1 mm., m. p. 94° (from light petroleum) (Found: 
N, 4-7. C,,H,,BrNO, requires N, 46%). 

6-Bromo-3,4-dihydro-2- hydroxy -3-2’-hydroxyethyl-4-oxoquinazoline (X; R = OH).—This 
quinazoline resulted (6 g.) when the foregoing urethane (8-3 g.) was heated for 40 min. at 160° 
with ethanolamine (3-3 g.), and the product was digested with chloroform. It crystallised 
from 2-ethoxyethanol as needles, m. p. 270—272° (Found: C, 42-3; H, 3-4. C, H,BrN,0, 
requires C, 42-1; H, 3-2%). 

Its 3-2’-bromoethyl analogue (X; R = Br) (3-5 g.) separated after the oxo-oxazolo[2,3-b)- 
quinazoline (II) (3-8 g.) had been boiled with bromine (3-2 g.) in glacial acetic acid (40 ml.) for 
2 hr., and crystallised from 2-ethoxyethanol as plates, m. p. 287—290° (decomp.) (Found: 
C, 34-5; H, 2-5; Br, 45-4; N, 7-6. C,,H,Br,N,O, requires C, 34-5; H, 2-3; Br, 45-9; N, 8-1%). 
This was soluble in alcoholic sodium hydroxide, and in boiling 2N-sodium hydroxide afforded 
the foregoing 3-2’-hydroxyethy] derivative (X; R = OH), m. p. and mixed m. p. 269—271°. 
When boiled with an excess of dimethylaniline, it gave the 3-(2-methylanilinoethyl) derivative 

® Leffler and Adams, J Amer. Chem. Soc., 1937, 59, 2252. 
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(xX; R.= NMePh), which crystallised from dimethylformamide as prisms, m. p. 228—229° 
(Found: C, 54-4; H, 42; N, 10-7. C,,H,,BrN,O, requires C, 54-6; H, 43; N, 11-2%). 

6-Bromo-3-2’-chloroethyl-3,4-dihydro-2-hydroxy-4-oxoquinazoline (X; R= Cl).—The fore- 
going 3-2’-hydroxyethylquinazoline (5-5 g.) was refluxed in thionyl chloride (35 ml.) for 1 hr., 
and the solution was evaporated to dryness. The chloro-derivative (5-5 g.), obtained by treating 
the residue with water and crystallising it from glacial acetic acid, had m. p. 273—274° (Found: 
C, 39-6; H, 2-9. C,H,BrClIN,O, requires C, 39-6; H, 27%). This compound was recovered 
after being boiled with phosphoryl chloride for 2 days. 


The authors gratefully acknowledge their indebtness to Dr. G. Woolfe for the chemo- 
therapeutic tests. 
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712. Amine Oxidation. Part VI.* The Formation of Tetra- 
N-substituted 1,2-Diamines from Tertiary Amines. 


By H. B. HENBEsT and R. Patton. 


Some tertiary amines are converted by reaction with t-butoxy-radicals 
into tetra-N-substituted 1,2-diamines. The best yields (up to 50%) have 
been obtained in the dimethylaniline series. 


TRIALKYLAMINES containing N-ethyl groups are often dehydrogenated to vinylamines on 
reaction with halogenated p-benzoquinones + or with benzoyl peroxide. The formation 
of the (usually unstable) vinylamines can be detected by reaction with halogenated 
quinones, blue or purple dialkylaminovinylquinones being formed.’ If either of the 
above oxidising agents abstracts a hydrogen atom from the amine in the initial stages of 
the dehydrogenation, radicals R,N-CR,° will be produced. In order to obtain some 
information regarding the chemical properties of such radicals, their formation by a 
relatively unambiguous method was attempted. 


Me,C-O* + Ph*NMe, ——3» PhMeN:CH,: (I) + MesC-OH 


! 


(Me,C*O*), (PhMeN-CH,*), (II) 


t-Butoxy-radicals, formed by homolysis of the peroxide, remove hydrogen from many 
organic molecules, giving t-butyl alcohol and an organic radical. Tertiary amines should 
therefore give radicals R,N-CR,°, provided that the nitrogen promotes selective attack at 
an adjacent CH group. In a kinetic study of the thermal decomposition of di-t-butyl 
peroxide, Raley, Rust, and Vaughan * showed that the peroxide decomposed by a first- 
order process at similar rates in the gas phase and in solvents, including one amine (tri-n- 
butylamine). Urry and Juveland ® have shown that terminal olefins add to the radicals 
produced by decomposition of the peroxide in primary and secondary amines. They also 
found that the decomposition of the peroxide in 1-methylpiperidine in the presence of oct- 
l-ene gave 1-methyl-2-n-octylpiperidine. More recently, Swan, Timmons, and Wright ® 
obtained meso- and racemic 2,3-bisdiethylaminobutane on y-ray irradiation of triethyl- 
amine, and Huang? obtained «$-bisdibenzylaminobibenzyl in 4% yield on decomposition 


* Part V, Henbest and Slade, J., 1960, 1588. 


1 Buckley, Dunstan, and mem 9 J., 1957, 4880. 
? Buckley, Dunstan, and Henbest, J., 1957, 4901. 

* Cf. Gray and Williams, Chem. Rev., 1959, 59, 278. 

‘ Raley, Rust, and Vaughan, J. Amer. Chem. Soc., 1948, 70, 1336. 
5 Urry and Juveland, J. Amer. Chem. Soc., 1958, 80, 3322. 

* Swan, Timmons, and Wright, J., 1959, 9. 

7 Huang, J., 1959, 1816. 
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of di-t-butyl peroxide in tribenzylamine. Both of these reactions were interpreted as 
proceeding by the formation and dimerisation of R,N-CR,° radicals. 

In our experiments,’ t-butyl peroxide was decomposed thermally in an excess of di- 
methylaniline in various molecular ratios. From the experiments in which 1:5 and 
1: 10 ratios of peroxide to amine were used, t-butyl alcohol was obtained in 92 and 100% 
yield respectively, showing that the alkoxyl radicals abstract hydrogen from the amine 
rather than decompose to acetone and methyl radicals. Removal of unchanged dimethyl- 
aniline by distillation, followed by chromatography of the residue, gave the substituted 
ethylenediamine (II), and two other crystalline products. The formation of the 
diamine (II) indicates that the reaction between the t-butoxy-radicals and dimethyl- 
aniline generates N-methylanilinomethy] radicals (I) that dimerise. The best yield (50%) 
of diamine (II) was obtained from reaction between the peroxide and amine in the ratio 
1:10. 

The results are similar to those reported earlier for toluene which gives bibenzy] as the 
main product on reaction with various radicals ® including t-butoxy. The product (1,2,3- 
triphenylpropane) derived from dehydrogenative coupling of bibenzyl and toluene was also 
detected in one investigation.’ 

Decomposition of di-t-butyl peroxide in dimethyl-p-toluidine (ratio 1:5) gave the 
1,2-diamine related to (II) in the same yield (29%) as that obtained for the diamine (II) 
from dimethylaniline. 

Other reactions, apart from hydrogen-abstraction and dimerisation, can take place 
when t-butyl peroxide is decomposed in other amines. N-Methyldiphenylamine gave 
t-butyl alcohol and diphenylamine. t-Butyl methyl ether was not formed, showing that 
the N-methyl group in the initial amine is not removed by combination with a t-butoxy- 
radical. This reaction is being studied further. 

Decomposition of the peroxide in 1-dimethylaminonaphthalene gave intractable 
material; a similar result was obtained when this amine was oxidised with manganese 


dioxide (following paper). 


EXPERIMENTAL 

M. p.s were determined on a Kofler hot stage. Light petroleum refers to the fraction of b. p. 
40—60°. P. Spence alumina (Grade H) was used for chromatography. 

Oxidation of Dimethylaniline.—The amine (in the amounts specified below) and the peroxide 
(1-462 g.) were heated together in a sealed tube in the dark at 140° for 44 hr. Most of the 
unchanged amine was removed by distillation at 20 mm., and the residue was adsorbed on 
alumina (100 g.). Elution with benzene-light petroleum (1:4) gave NN’-dimethyl-NN’-di- 
phenylethylenediamine (II), m. p. and mixed m. p. 48-5° (after crystallisation from light 
petroleum). Elution with benzene-light petroleum (1: 1) gave a compound [? N-methyl-N-(2-N- 
methylanilino-1-N-methylanilinomethylethyl)aniline], m. p. 91° (from light petroleum) or m. p. 
101° (from light petroleum-ethanol) (Found: C, 80-2; H, 8-45. C,,H,.N; requires C, 80-2; 
H, 815%). Elution with benzene-light petroleum (4: 1) gave another compound, m. p. 163° 
(from benzene-light petroleum) (Found: C, 80-5; H, 84%). Evidence for the structures of 
these compounds will be presented later. 


NPhMe, Amine: Peroxide Diamine Bu'tOH NPhMe, 
(g-) (mol.) (II) (%) (%) recovd. (%) 
3-03 2-5 26 Not determined 
6-06 5 29 92 80 

12-12 10 50 100 84 
24-24 20 44 Not determined 


t-Butyl alcohol was estimated on a sample of the total reaction mixture by vapour-phase 
chromatography over silicone-Celite at 60° with methanol as internal standard. Dimethyl- 
aniline was estimated similarly at 180° with m-xylene as standard. 

8 Cf. Henbest and Patton, Proc. Chem. Soc., 1959, 225. 


® Wilen and Eliel, J. Amer. Chem. Soc., 1958, 80, 3309, and references there given. 
10 Farmer and Moore, J., 1951, 131. 





(1960) Curragh, Henbest, and Thomas. 3559 


Oxidation of Dimethyl-p-toluidine —The amine (3-426 g., 5 mol.) and the peroxide (0-718 g., 
1 mol.) were heated in a sealed tube at 166° for 24 hr. Lower-boiling products including 
unchanged amine were distilled at 0-1 mm., and then the diamine (0-368 g.) was collected at 
142°/0-03 mm., leaving only a trace of residue. Crystallisation from pentane gave NN’-di- 
methyl-N N’-di-p-tolylethylenediamine (0-37 g., 29%), m. p. and mixed m. p. 81-5°, the authentic 
sample being prepared from N-methyl-p-toluidine and ethylene dibromide.™ 

Oxidation of N-Methyldiphenylamine.—The amine (1-696 g., 5 mol.) and the peroxide (0-2736 
g., 1 mol.) were heated in a sealed tube at 140° for 39 hr. The product (1-91 g.) was adsorbed on 
alumina (140 g.). Elution with benzene-light petroleum (3 : 7) gave unchanged amine (1-263 g.), 
n,* 1-6180. Elution with benzene-light petroleum (9: 1) gave diphenylamine (0-55 g.), m. p. 
and mixed m. p. 52°. (Ina control experiment N-methyldiphenylamine was eluted unchanged 
from alumina.) The yield of diphenylamine is 43% or 86% depending whether 1 mol. of the 
peroxide gives 2 or 1 mol. of the secondary amine. 

In another experiment, t-butyl alcohol (58%) was obtained by distillation of the reaction 
mixture. Infrared analysis showed the absence of t-butyl methyl ether (b. p. 55°) in the 
distillate. 

Oxidation of NN-Dimethyl-a-naphthylamine.—The reaction was carried out as in the preced- 
ing experiment between the amine (17-21 g., 5 mol.) and the peroxide (2-99 g., 1 mol.). 
Unchanged amine was removed at 138°/9 mm., and the residue (2 g.) was chromatographed on 
alumina (120 g.). Viscous materials were eluted with mixtures of benzene and ether. No 
crystalline products were obtained. 
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713. Amine Oxidation. Part VII.* Cleavage of Tetra-N- 
substituted 1,2-Diamines by Manganese Dioxide. 
By E. F. Curracu, H. B. HENBEST, and A. THOMAS. 


Diamines containing the grouping, R,N-CH,°CH,°NR, are cleaved by 
manganese dioxide at the central C-C bond to give N-formyl compounds. 
Examples of such diamines include the bicyclo-compound, N(CH,°CH,),N, 
which is oxidised to 1,4-diformylpiperazine. 

Experiments with monoamines are reported that help to define the scope 
of manganese dioxide-amine reactions. Further examples are given that 
show the dependence of the yields of products upon the oxidant : amine 
ratio used. 


EARLIER work ! showed that dialkylanilines are oxidised by active (hydrated) manganese 
dioxide? in at least three ways: (a) conversion of N-methyl into N-formyl groups, 
exemplified by the oxidation of dimethylaniline (IA) to N-methylformanilide; (b) oxidation 
of N-ethyl-amines to acetaldehyde (and secondary amines), exemplified by diethylaniline 
(IB); and (c) cleavage of substituted ethylenediamines to N-formyl compounds, exemplified 
by the oxidation of 1,4-diphenylpiperazine (IC) to NN‘-diformyl-NN’-diphenylethylene- 
diamine. 

The last of these reactions is the most unusual being, as far as we know, the 
only method for cleaving substituted ethylene diamines to N-formyl compounds. More 
diamines have now been oxidised and the results, together with those from some related 


* Part VI, preceding paper. 


1 Henbest and Thomas, J., 1957, 3032. 
* Comprehensive review by Evans, Quart. Rev., 1959, 18, 61. 
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monoamines are summarised in the formule below, the arrows starting from the main 
point of attack in the amine and the lower-case letters specifying the type of general 
reaction (a, b, or c) involved. 

The dialkylanilines (IA and B) are oxidised at carbon atoms adjacent to nitrogen. In 
the related dialkylbenzylamines (IIA and ITB) oxidation mainly occurs at the methylene 


N-Methyl-amines N-Ethyl-amines Diamines 
CH P CH,— CH 
Ph:N< 3 . ha) CH; Phen’ 2 2 ' 
Ch (IA) CH,-CH; (1B) ‘cH,—cit, (IC) 
Y ‘ 
Ph-NMe-CHO Ph-NH-CHO OHC-NPh-[CH,] >‘NPh:CHO 
CH; CH,-CH CH,~ CH, 
PhCH ay, CN ce Ph-CHN© —SN-CH,Ph 
| 3 ( ) ‘| 2°CH; (IIB) CH,-CH, (11C) 
c 
Ph:CHO Ph:-CHO OHC-N(CH,Ph){CH)] -N(CH2Ph)-CHO 
CH H.: 
[CH,],>CH-NZ~ [cH] >cHNc< ony tO 
CH; ‘CH,-CH, N—CH,—CH,—N 
» (IIIA) b I11B \ a 
{ ( ) ale (IIIC) 
c 
H,}|.>CO . 
[ec 2]; [cH,],>co + OHC-CH, CH: CH, 
OHC:N- JN‘CHO 
CH,-CH, 


groups between the phenyl and the amine group, benzaldehyde being formed. When the 
same weight ratios manganese dioxide : amine were used, higher yields of benzaldehyde 
were obtained from diethylbenzylamine (IIB) than from dimethylbenzylamine (IIA). 
Oxidation of tribenzylamine proceeded less readily, presumably for steric reasons, benz- 
aldehyde (23%) and unchanged amine (70%) being obtained with a 50:1 weight ratio 
oxidant : amine. 

Despite the oxidation of the amines (IIA and B) at their benzyl methylene groups, 
1,4-dibenzylpiperazine (IIC) gave an NN’-diformyl compound (80%) by cleavage of the 
ring by reaction (c). 

The substituted cyclohexylamines (IIIA and B) were the first fully saturated tertiary 
amines to be oxidised. Each gave cyclohexanone, the yields being 85% and 50% 
(oxidant : amine ratio 100: 1) from the dimethyl and the diethyl compound respectively. 
The latter amine was also oxidised at an ethyl group, to give acetaldehyde (55%). [The 
yields of the products from the reactions occurring by conversion (b) are calculated on the 
basis that the oxidation of a tertiary amine gives one molecule each of carbonyl compound 
and secondary amine; no account can at present be taken of the likely further oxidation 
of the secondary amines to carbonyl compounds.} Cyclohexanone was also obtained by 
oxidation of cyclohexylamine; a larger oxidant : amine ratio (>250:1) was required to 
give the best yields (>50%) of ketone. 

The oxidation of triethylenediamine (ITIC) was of interest as mechanisms involving the 
transference of hydride ion from the amine in an intermediate step are presumably 
prohibited. This amine was oxidised, ring cleavage giving 1,4-diformylpiperazine, but a 
larger oxidant : amine ratio was required than for an open-chain diamine (e.g., IV). 
Various experimental conditions were tried but the best yield of diformylpiperazine was only 
9% (16% after allowance for recovered starting material). More of the product is 
probably formed but much may be lost by reaction with, or by adsorption on, the excess of 
dioxide (oxidant : amine 70:1) necessary for the oxidation of an appreciable proportion 
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of this diamine. It seems that saturated N-formyl compounds are: particularly difficult 
to recover from manganese dioxide; when a sample of 1-formylpiperidine (V) was treated 
with fresh dioxide for a short time, only 26% of it was recovered. Nevertheless, 1-formyl- 
piperidine (V) was obtained in 50% yield from 1,2-dipiperidinoethane (IV) when only a 


(IV) [CH,]s>N*CH,*CHy’N<[CH,], ——® 2[CH,];>N*CHO (V) 


20 : 1 oxidant : amine ratio was used. 

Dimethylaniline is oxidised by manganese dioxide to N-methylformanilide in 78% 
yield) but oxidation of N,N,2,6-tetramethylaniline and NN-dimethyl-l-naphthylamine 
under the same conditions gave difficultly volatile resins, apart from unchanged starting 
materials and a trace of 1,4-naphthaquinone from the latter amine. The different 
behaviour of these amines may be connected with the lack of coplanarity of the dimethyl- 
amino-groups with the ring systems. For this reason, the tetramethylaniline does not 
react readily with diazonium salts.* The naphthylamine also behaves differently from 
dimethylaniline in its reaction with t-butoxy-radicals.4 

Benzoquinuclidine was not appreciably oxidised by manganese dioxide at 20° or 61°. 
Thus reactions of the types (a) and (b) are strongly inhibited when the nitrogen is at the 
bridgehead of a tricyclic system containing 6-membered rings. The experiments with 
triethylenediamine (IIIC) indicate, however, that the geometrical requirements of the 
diamine-cleavage reaction (c) are less stringent. 


EXPERIMENTAL 


Manganese dioxide used was the material supplied by J. Woolley, Sons and Co. Ltd. Chloro- 
form was first used as the reaction solvent, but methylene chloride was later adopted. The 
manganese dioxide was washed at the end of the reaction with fresh methylene chloride and then 
with methylene chloride—methanol (10:1). M. p.s were taken on a Kofler stage. 

. NN-Dimethylbenzylamine (IIA).—The amine (0-1 g.) in chloroform (50 c.c.) was shaken at 
20° with manganese dioxide (5 g.) for 15 hr. The filtrate was extracted with dilute acid to 
remove unchanged amine [recovered subsequently as its picrate (0-167 g., 62%), m. p. and 
mixed m. p. 83—84°] and added to 2,4-dinitrophenylhydrazine reagent (10 c.c.). The solution 
was concentrated under reduced pressure to about 5 c.c., benzaidehyde 2,4-dinitrophenyl- 
hydrazone (45 mg., 21%), m. p. and mixed m. p. 236—237°, separating. Improved yields of 
benzaldehyde (as 2,4-dinitrophenylhydrazone) were obtained when larger amounts of dioxide 
were used: 


Dioxide : amine wt. ratio......... 50 150 250 350 450 600 
Benzaldehyde, yield (%) ......... 21 41 48 50 45 39 


Experiments with a 50: 1 ratio were also carried out in stirred, boiling chloroform as solvent; 
the yields of benzaldehyde 2,4-dinitrophenylhydrazone were 24% and 31% for reaction times 
of 7 hr. and 12 hr. respectively. 

NN-Diethylbenzylamine (IIB).—This amine was oxidised as in the preceding experiment, in 
methylene chloride. The following yields of benzaldehyde 2,4-dinitrophenylhydrazone were 
obtained : 

Dioxide : amine wt. ratio ...............0.006 50 100 250 350 400 

Benzaldehyde, yield (%) ..... ioemsmegendasgan 64 74 86 83 50 


1,4-Dibenzylpiperazine (IIC).—The diamine (1 g.) in methylene chloride (150 c.c.) was shaken 
with dioxide (50 g.) at 20° for 18 hr. The product was a sticky solid that was dissolved in the 
minimum amount of benzene and filtered through deactivated alumina (10 g.). Crystallisation 
from methanol gave NN’-benzyl-NN’-diformylethylenediamine (0-9 g., 80%), m. p. 99—100° 
(Found: C, 72-85; H, 6-85. C,,H,)N,O, requires C, 72-95; H, 68%). An authentic sample of 
this compound was prepared by heating NN’-dibenzylethylenediamine, 90% formic acid (2 g.), 


* Fried ander, Monaish., 1898, 19, 627. 
* Henbest and Patton, preceding paper. 
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and acetic anhydride (0-2 g.) under reflux for 3 hr.; isolation with ether and crystallisation from 
methanol gave the diformyl compound (4-2 g., 82%), m. p. and mixed m. p. 99—100°. The 
infrared spectra of the two products were also identical (C=O peak at 1675 cm.*). 

NN-Dimethylcyclohexylamine (IIIA).—The redistilled amine (3 g.) in methylene chloride 
(500 c.c.) was shaken at 20° with manganese dioxide (300 g.) for 18 hr. The product, obtained 
by filtration and removal of solvent through a short fractionating column, was distilled to give 
cyclohexanone (1-92 g., 85%), b. p. 154—156°, n,® 1-4519 (2,4-dinitrophenylhydrazone, m. p. 
and mixed m. p. 160°). The yield of ketone fell to 67% when the dioxide : amine wt. ratio was 
reduced to 50; 1. 

NN-Diethyleyclohexylamine (IIIB).—The redistilled amine (3 g.) in benzene (300 c.c.) was 
stirred at 20° with the dioxide (150 g.) for 18 hr. At the same time, a stream of nitrogen was 
passed through the solution and thence into absorption bottles containing 2,4-dinitrophenyl- 
hydrazine reagent. Acetaldehyde was thereby collected as its 2,4-dinitrophenylhydrazone 
(2-31 g., 55%), m. p. and mixed m. p. 168°. The solution was filtered; the solvent was removed 
through a column and the residue distilled, to give cyclohexanone (0-9 g., 51%), b. p. 153—156° 
(2,4-dinitrophenylbydrazone, m. p. 160°). 

Cyclohexylamine.—The amine (1 g.) was shaken with various amounts of manganese dioxide 
in methylene chloride (600 c.c.) for 18 hr. at 20°. Filtration and distillation gave cyclohexanone, 
b. p. 154—156°, n, 1-4505 (2,4-dinitrophenylhydrazone, m. p. and mixed m. p. 160°): 


Dioxide : amine wt. ratio 70 100 250 350 
Cyclohexanone, yield (%) 27 43 51 53 


Triethylenediamine (IIIC).—The amine (4 g.) in methylene chloride (400 c.c.) was shaken at 
20° with manganese dioxide (280 g.) for 30 hr. After filtration, the dioxide was extracted 
(Soxhlet) with methanol for 12 hr. The solutions were combined and the solvents removed by 
careful distillation under reduced pressure through a short column. The residue (2-32 g.) was 
sublimed in a short-path still, to give unchanged amine (1-7 g., 40%). The residue was 
introduced in benzene on a column of alumina (30 g.). Elution with benzene-ether (1: 1) gave 
1,4-diformylpiperazine (0-451 g., 9%), m. p. 123° (from chloroform-dioxan) (Found: C, 50-4; 
H, 7-2. C,H, )N,O, requires C, 50-7; H, 7-05%); carbonyl band at 1650 cm.*}. 

Authentic 1,4-diformylpiperazine was made by heating piperazine (1 g.) with 98% formic 
acid (1-5 g.) containing a few drops of acetic anhydride for 3 hr. The product was isolated 
with chloroform and crystallised from dioxan to give the diformyl compound (1-3 g., 90%), 
m. p. and mixed m. p. 123°. 

1,2-Dipiperidinoethane (IV).—The amine (5 g.) in methylene chloride (250 c.c.) was shaken 
at 20° with dioxide (100 g.) for 18 hr. After filtration, the dioxide was extracted (Soxhlet) 
with methanol for 12 hr. Removal of solvent from the combined solutions followed by distil- 
lation of the residue gave 1-formylpiperidine (3-0 g., 50%), b. p. 105°/10 mm., 7,,° 1-4840. 

Recovery of 1-Formylpiperidine.—The amide (1 g.) in light petroleum (b. p. 40—60°) (100 
c.c.) was shaken with dioxide (50 g.) for 15 min. The dioxide was washed with the following 
solvents in succession from which the stated amounts of starting material were then recovered: 
light petroleum (3 x 250 c.c. + initial 100 c.c.) gave 32 mg. of amide; methanol (3 x 250 c.c.) 
gave 0-153 g. of amide; methanol—water (1:1) (3 x 250 c.c.) gave 81 mg. of amide; total 
recovery of amide was 26%. 

Tribenzylamine.—The amine (2 g.) in chloroform (250 c.c.) was stirred at 20° with dioxide 
(100 g.) for 40 hr. The dioxide was removed and the filtrate evaporated to a semi-solid product 
that on trituration with cold methanol gave unchanged amine (1-4 g., 70%), m. p. and mixed 
m. p. 90—91°. The methanol filtrate yielded benzaldehyde 2,4-dinitrophenylhydrazone 
(0-45 g., 23%), m. p. 236—237°. 

N,N,2,6-Tetramethylaniline—The amine (1-58 g.) in chloroform (300 c.c.) was stirred 
with dioxide (79 g.) at 20° for 19 hr. The filtrate and chloroform washings from the dioxide 
were extracted with dilute hydrochloric acid [basification gave unchanged amine (1 g., 63%)]. 
Removal of the chloroform under reduced pressure gave a red oil that did not distil under 
reduced pressure; nor could a solid picrate be obtained from it. 

NN-Dimethyl-a-naphthylamine.—The amine (3 g.) in chloroform (300 c.c.) was stirred 
with dioxide (150 g.) at 20° for 18 hr. After filtration, the chloroform solution was extracted 
with dilute hydrochloric acid, and then dried and evaporated to give a viscous, deep red oil 
(1-4 g.). On attempted distillation at 0-5 mm. (130—240°), only a small amount (0-1 g., 4%) 
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of 1,4-naphthaquinone distilled. Crystallisation from methanol gave the pure quinone, m. p. 
and mixed m. p. 124—125° (Found: C, 75-8; H, 4-05. Calc. for C,j,H,O,: C, 75-95; H, 38%). 
Basification of the acidic extract gave unchanged amine (1-1 g., 37%), b. p. 140—141°/13 mm., 
n,'* 1-6240 (picrate, m. p. and mixed m. p. 142—144°). 

Benzoquinuclidine.—Attempted oxidation of this amine (0-7 g.) in chloroform (120 
c.c.) with dioxide (35 g.) for 17 hr. gave unchanged starting material (>90%) (m. p. and mixed 
m. p. 66—68°) from experiments at 20° and in refluxing solvent. 


One of the authors (A. T.) thanks the Ministry of Education for a maintenance grant. 
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714. Aspects of Stereochemistry. Part XV.* Catalytic Hydrogenation 
of Cyclic Allylic Alcohols in the Presence of Sodium Nitrite. 


By M. C. Dart and H. B. HENBEsT. 


In the hydrogenation of cholest-4-en-38-ol (I) at platinum, small amounts 
of some sodium salts, including those used (nitrate) or formed (nitrite) in 
the preparation of Adams catalyst, cause hydrogen to add cis to the hydroxyl 
group mainly at the expense of hydrogenolysis. Hydrogenation of cholest-4- 
ene (ethanol, platinum, and sodium nitrite) gave coprostane (55%) and 
cholestane (45%); hydrogenations of its 38-hydroxy- and -methoxy-deriv- 
atives were faster, more B-addition occurring with the former compound and 
more «-addition with the latter. Hydrogen adds cis to the hydroxyl group 
in both piperitols, but specific addition did not occur with various related 
compounds. 

1-Methylcyclohexanol (6—10%) was formed when 3-methylcyclohex-2- 
enol was hydrogenated at platinum in ethanol containing an organic acid. 
Two other allylic alcohols did not rearrange during hydrogenation. 


For cyclic olefins, the direction of the metal-catalysed addition of hydrogen often parallels 
that of the formation of epoxides by peracids; in both reactions the direction of attack 
can be controlled by steric factors imposed by nearby substituents. Recent work in 
these laboratories has shown that polar substituents can exert other directing effects on 
the addition of reagents to double bonds. For example, cis-hydroxy-epoxides are formed 
as the main products in reactions of cyclohex-2-enols with peracids.1 It seemed possible 
that polar substituents might also exert special directing effects on the addition of hydrogen 
to cyclic olefins, and cyclohex-2-enols and related compounds were chosen for initial study. 

Seventeen examples have been found in the literature of the hydrogenation of cyclic 
allylic alcohols in which the degree of alkylation of the double bond enables the direction 
of hydrogen addition to be ascertained (without the use of isotopic hydrogen). It is not 
profitable to discuss these in detail at the moment as the reaction mixtures were generally 
incompletely analysed and a variety of experimental conditions was used. However, there 
are more examples of cis-addition of hydrogen to an allylic hydroxyl group than of trans-. 

A‘-Steroids. In 1936, Schoenheimer and Evans ? described the isolation of coprostanol 
(II) in unstated yield on hydrogenation of cholest-4-en-38-ol (I) at platinum in pentyl 
ether. This reaction has been re-investigated with ethanol as solvent and chromato- 
graphic techniques for the separation and analysis of the products. A mixture of 
coprostanol (II), cholestanol (III), and hydrocarbon (hydrogenolysis product) was obtained 
in each reaction (Table). ‘ 


* Part XIV, J., 1959, 4136. 


1 Henbest and Wilson, J., 1957, 1958. 
* Schoenheimer and Evans, J. Biol. Chem., 1936, 114, 567. 
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Variations in the conditions caused large changes in the coprostanol : hydrocarbon 
yield ratio but had very much less effect on the yield of cholestanol (usually 20—35%). It 
was found that the coprostanol : hydrocarbon ratio was influenced by the procedure used 


"eo i ty PY 


—_> + 
HO HO 


H 
(I) (II) (11) 


for preparing the Adams catalyst, especially by the ratio of hexachloroplatinic acid to 
sodium nitrate. These observations led to experiments showing that small amounts of 
certain alkali salts cause the yield of coprostanol to increase largely at the expense of the 
hydrocarbon. In discussing the way by which this conclusion was reached it should be 
remembered that the “ platinic dioxide ” obtained from Adams’s fusion process contains 


Hydrogenation of cholest-4-en-38-ol (I) using Adams’s catalyst. 
Coprostanol Cholestanol Hydrocarbon 
% ° 


(%) (%) 
46 

” 57 

. Catalyst 1: 64 

Catalyst 1: 10, prepared at 400° 73 

Catalyst 1: 10, prepared at 400° 70 

Catalyst 1 : 20, prepared at 420° 

. Catalyst 1: 20, prepared at 420° 

. As 6 and 7, but further washed 

. As 6 and 7, but pre-reduced 

. As 6 and 7, but pre-reduced 

. As 9 and 10 + NaNO, (note 3) 

. As 9 and 10 + NaNO, 

. As 9 and 10 + LiNO, 

. As 9 and 10 + KNO, 

. As 9 and 10 + NaCN 

. As 9 and 10 + NaCN 

. As 9 and 10 + NaCl 

. As 9 and 10 + NaOH 

. Catalyst 1 : 50, prepared at 420° 

. As 19, but pre-reduced 59 * 

. As 20 + NaNO, 


Te 


Note 1: Johnson, Matthey & Co. Note 2: The ratios 1: 10 (expts. 3 to 5), 1: 20 (expts. 6, 7), 
and 1: 50 (expt. 19) refer to the relative weights of hexachloroplatinic acid to sodium nitrate used 
for fusion. Note 3: Each of the salts (1% of weight of “‘ platinum dioxide ’’) was added dissolved in 
a drop of water. * This hydrocarbon was mainly cholestane by infrared analysis. 


sodium salts that are not completely removed by washing with water.* When such 
dioxide (expt. 6 and 7) was added to the solution of cholest-4-en-38-ol for hydrogenation, 
coprostanol was formed in more than 65% yield. However, when this dioxide was pre- 
reduced with hydrogen and the platinum washed with water (thus removing sodium salts 
more effectively), the yield of coprostanol fell to about 20% and the yield of hydrocarbon 
rose correspondingly (expts. 6, 7, 9, 10, 19, 20). Addition of a small amount of sodium 
nitrite, cyanide, or hydroxide (expts. 12, 15, 16, 18, 21) to the reduced, washed platinum 
reconstituted the properties of the original Adams catalyst, coprostanol again being 
formed in 65% yield. The effectiveness of these salts of weak acids suggests that they 
may diminish the amount of hydrocarbon formed by exerting some kind of buffering 


* Adams and Shriner, J. Amer. Chem. Soc., 1923, 45, 2171; Keenar, Giesemann, and Smith, ibid., 
1954, 76, 229; Wicker, J., 1956, 2165. 
4 Preliminary account: Dart and Henbest, Nature, 1959, 188, 817. 
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effect, perhaps by neutralising traces of strong acid that are known to promote hydro- 
genolysis of allylic compounds.® For example, cholestane (90%) was shown by Shoppee 
et al.8 to be formed when the allylic alcohol (I) is hydrogenated at platinum in the presence 
sulphuric or perchloric acid® [these authors also reported that coprostanol and 
cholestanol were formed in the ratios 54 : 42 and 78 : 14 on hydrogenation of the cholestenol 
(I) in ethyl acetate, and ethyl acetate containing acetic acid, respectively, with platinum 
oxide of unspecified origin as the source of catalyst]. 

The lower yield of hydrocarbon obtained by decreasing the hexachloroplatinic 
acid: sodium nitrate ratio may be noted. The salt (sodium chloride) of a strong acid 
gave more than 50% of hydrocarbon (expt. 17) whereas sodium hydroxide only gave a 
trace (expt. 18). Nitrates were intermediate in behaviour (? reduced to nitrites), and 
different ratios were obtained with different cations (expts. 11, 13, 14). 

Cholest-4-ene (I; OH replaced by H) is fairly rapidly reduced at palladium in acetic 
acid at 75°, giving nearly pure cholestane;? neutral solvents slow down the reaction and 
coprostane is obtained.”** The last result is often quoted, although an actual yield of 
coprostane has not apparently been determined. We have found that the reduction of 
cholest-4-ene in ethanol (containing sodium nitrite) at 20° at platinum is only slightly 
stereoselective, coprostane and cholestane being formed in the ratio 55:45 (analysis by 
infrared methods). Hydrogenation of the bicyclic analogue, 10-methyl-A!®-octalin, in 
ethanol at palladium gives the same ratio of @ : «-addition.® 

This hydrogenation of cholest-4-ene was slow, in contrast to the rapid reduction of the 
alcohol (I) and its methyl ether under the same conditions. The main product (60%) from 
the methyl ether was 36-methoxycholestane, in accord with other work ® where ethyl 
acetate was the solvent. Thus, apart from increasing the rates of hydrogenation, the 
36-hydroxyl group causes $-addition of hydrogen to be slightly increased (55 —» 70%) 
(cf. piperitols below), and the 38-methoxyl group increases the proportion of «-attack 
(45 —» 60%), perhaps for steric reasons. 

In discussing the hydrogenation of A‘-steroids in more detail, it should be noted that 
they may exist in two conformations. This is illustrated with the 38-hydroxy-compound 
(I), where the hydroxyl group is quasi-axial and quasi-equatorial respectively in the 
conformations (IA and IB). 


HO 


H °Y Le =e 
Cen _ 


ie C-i4 (18) 

Monocyclic Cyclohexanols—Hydrogenation of 2-benzylidenecyclohexanol (IV) 
(platinum-charcoal catalyst) gives a mixture of cis-2-benzylcyclohexanol (V; 47%), 
its trans-isomer (VI; 1%), and the hydrogenolysis product, 2-benzylcyclohexane (VII; 
37%). Repetition of this hydrogenation using Adams catalyst containing sodium salts 
changed the yields to 38, 35, and 8% respectively. Thus, as in the steroid series, the 
presence of sodium salts increases the yield of the compound (i.e., VI) in which hydrogen 
has added cis to the hydroxyl group and decreases the amount of hydrogenolysis. 

A catalyst surface with adsorbed hydrogen can cause double bonds to migrate.” 
The possibility that hydrogenation of the allylic alcohol ([V) might proceed via the enol 
of 2-benzylcyclohexanone was checked by preparing the alcohol ([V) with deuterium 

5 McQuillin and Ord, J., 1959, 3169. 

* Shoppee, Agashe, and ‘Summers; a 1957, 3107. 

7 Windaus, Ber., 1919, 52, 170. 

* Mauthner, Monatsh., 1909, 30, 635. 

* Sondheimer and Rosenthal, J. Amer. Chem. Soc., 1958, 80, 3999. 


© Russell, J., 1954, 1771. 
" Cf. Bream, Eaton, and Henbest, J., 1957, 1974. 
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replacing the hydrogen on Cq. The cis- and ¢rans-saturated alcohols were obtained in 
the same yields as before; their infrared absorptions showed one atom of deuterium in each 
isomer, and hydrogen apparently adds directly to the exocyclic double bond in the starting 
material. 

Other cyclohex-2-enols were hydrogenated (at platinum) in ethanol containing sodium 
nitrite, good yields of saturated alcohols usually being obtained. No directing effect by 


Ph-CH ag Hye Piss CHy-4 
Ph-CH.-C,H,, 


(IV) (VI) (VII) 


the hydroxyl group was apparent in the hydrogenation of 2-methylcyclohex-2-enol (VIII) 
or 2-methylenecyclohexanol (IX), equal parts of trans- and cts-2-methylcyclohexanol 
(X and XI) being obtained. Approximately equal amounts of the respective trans- and 
cis-isomers were also obtained on hydrogenations of 3-methylcyclohex-2-enol (XII) and 
(+)-3,6a-dimethylcyclohex-2-en-18-ol (XIII). 


Os tod 
HO HO\ YMe Ho Me 
CH, 


(VIII) (IX) (XII) (XII) 


In contrast, hydrogenations of racemic ¢vans- (XIV) and cis-piperitol (XV) gave good 
yields (>80%) of the products (XVI and XVII) formed by addition of hydrogen cis to the 
allylic hydroxyl groups. [Macbeth and Shannon ™ obtained these alcohols in lower 
yields (50% and 30% respectively) on hydrogenation of the piperitols at Raney nickel.} 
Thus, the replacement of methyl in (XIII) by isopropyl (—» XIV) increases the propor- 
tion of attack cis to hydroxyl or trans to the alkyl group; the steric effect of the isopropyl 
group is probably the more important factor. The hydroxyl group in cis-piperitol (XV) 
is probably quasi-axial and effective in promoting cis-additions despite the presence of a 
cis-isopropyl group. In cyclohexenols (I, IV, VIII, IX, XII, XIII) giving less specific 
addition, the hydroxyl group is more likely to be in an equatorial or quasi-equatorial 
conformation. 


tw gs et eB _— sir 
Me «Me 
HO Me ake HO Me HO ? 
(XIV) (XVI) (XV) (XVII) 


Rearrangement of a Hydroxyl Group during Hydrogenation.—As Adams platinic oxide 
contains sodium salts, the experiment was tried of removing these with acetic acid. The 
catalyst was dried under reduced pressure and then used for the hydrogenation of 3-methyl- 
cyclohex-2-enol (XII). The product contained about 10%, of the tertiary alcohol, 1-methyl- 
cyclohexanol (XVIII), detected by gas chromatography and isolated as its p-nitrobenzoate. 
A similar result was obtained by hydrogenating the allylic alcohol (VIII) with unwashed 
catalyst in ethanol containing pivalic acid. The formation of the alcohol (XVIII) may be 
explained by postulating that the allylic alcohol (XII) partially undergoes an acid- 
catalysed anionotropic rearrangement to the isomer (XIX) that contains a cis-disubstituted, 


12 Macbeth and Shannon, J., 1952, 2852; 1953, 901. 
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easily hydrogenated double bond. The starting alcohol (XII) was recovered unchanged 
after treatment with an ethanol solution of pivalic acid; it appears therefore that the 
presence of the catalyst and hydrogen is necessary for, or promotes, the rearrangement. 


we ~ Obs, (™ Ch) 


(XII) (XVIII) (XIX) 


The reaction is restricted in scope, for no tertiary alcohol could be detected when either 
the homologue (XIII) or the acyclic compound, Me,C=CH-CH,°OH, was hydrogenated in 
ethanol containing pivalic acid. 

Starting Materials—The dimethylcyclohexenol (XIII) was prepared from 2,5-di- 
methylanisole. This was reduced with lithium in ammonia to a dihydro-compound (not 


Me Me Me XH 
—> —- ae 
MeO Me MeO Me Pe) Me ( 


(XX) (XXI) 


isolated), that gave a conjugated ketone on acid-hydrolysis. This ketone is assigned the 
structure (X XI), being derived from the most highly substituted * dihydro-compound 
(i.e., XX) and showing light absorption much closer to the values for 3-methylcyclohex-2- 
enone than for 2-methylcyclohex-2-enone. Reduction of the ketone (XXI) gave an 
alcohol formulated as the quasi-equatorial compound (XIII), in line with the general 
steric course of reduction of relatively unhindered carbonyl groups in six-membered rings. 


C a is vie C = (vin 
B AcO 
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Me *. Me 


Me Br 


2-Methylcyclohex-2-enol (VIII) was prepared from 1-methylcyclohexene by addition 
of bromine, followed by reaction with sodium acetate in acetic acid and hydrolysis. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block. Alumina (P. Spence, Grade H) was deactivated 
with acetic acid. Light petroleum refers to the fraction of b. p. 60—80°. 

Preparation of Catalysts—Hexachloroplatinic acid (2 g.) and sodium nitrate (see Table) 
were dissolved in the minimum amount of distilled water, evaporated, and then melted. The 
stirred melt was kept at a constant temperature for an appropriate time (below). Cooling 
and extraction with distilled water gave the dioxide, which was washed repeatedly on a glass 
filter with water (1 1.) and then dried in vacuo over phosphorus pentoxide at 20°. 


, ee 420° 400° 300° 
Time (hr.) 1-5 3 


In expt. 8 (Table) the dioxide was washed further with water (2 1.). 

Cholest-4-en-38-ol (I).—This compound was hydrogenated in the presence of various 
catalysts and additives. The general procedure was to shake a solution of the steroid (0-542 g.) 
and catalyst (50 mg.) in ‘“‘ AnalaR ”’ ethanol (50 c.c.) in hydrogen at 20°. An average time for 


Cf. Birch, Quart. Rev., 1950, 4, 69. 
“ Farrar, Hamlet, Henbest, and Jones, J., 1952, 2657. 
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uptake of hydrogen to cease was 30 min.; starting material was nevertheless still present in 
many experiments. Filtration and evaporation gave material that was dissolved in benzene 
(20 c.c.) and re-evaporated to remove traces of ethanol that would affect the subsequent 
chromatographic separation. The product, in the minimum amount of light petroleum, was 
introduced on to deactivated alumina (50 g.). Elution with light petroleum gave hydrocarbon, 
Elution with benzene (500 c.c.) gave coprostanol (II), m. p. and mixed m. p. 101—102°, 
(a, +28°. Further elution with benzene (1 1.) gave cholestanol (III), usually containing some 
cholest-4-en-38-ol. This mixture was dissolved in ethanol (5 c.c.); concentrated hydrochloric 
acid (0-05 c.c.) was added and the solution heated under reflux for 30 min. The product was 
isolated with benzene as before and chromatographed on alumina (20 g.). Elution with light 
petroleum (50 c.c.) gave cholesta-3,5-diene, m. p. and mixed m. p. 79—81°. Elution with 
ether—benzene (1: 10) gave cholestanol, m. p. and mixed m. p. 140—142°. 

The yields of products are given in the above Table. 

Cholest-4-ene.—A solution of the olefin (0-2 g.) in ethanol (50 c.c.) containing sodium nitrite 
(0-3 mg.) was shaken with hydrogen for 20 hr. Filtration and evaporation gave material 
({@],, +25°) that was dissolved in pyridine (5 c.c.) and treated with osmium tetroxide (20 mg.) 
(to remove traces of unchanged olefin) in ether (20 c.c.), the mixture then being kept overnight, 
Solvent was removed under reduced pressure and the residue was dissolved in ether containing 
lithium aluminium hydride (50 mg.). After an hour the product was isolated in the usual 
way. Filtration of a solution of the product in light petroleum through alumina gave the 
saturated hydrocarbon mixture (0-192 g.). Analysis by infrared absorption indicated that the 
mixture contained cholestane (45%) and coprostane (55%); characteristic bands at 900 and 
1070 cm. respectively were used for this analysis. 

38-Methoxycholest-4-ene.—This compound (0-5 g.) was hydrogenated in the presence of 
sodium nitrite (0-5 mg.) and catalyst (50 mg.). Absorption ceased after 30 min., whereafter 
the product was isolated and chromatographed on alumina (50g.). Elution with light petroleum 
(50 c.c.) gave hydrocarbon (0-18 g.). Further elution with light petroleum (250 c.c.) gave 
material (0-32 g.), m. p. 79—83°, that on crystallisation from acetone gave 38-methoxycholestane, 
m. p. and mixed m. p. 82—83°. ° 

2-Benzylidenecyclohexanol (IV).—This (0-94 g.) in ethanol (6 c.c.) was hydrogenated in the 
presence of catalyst (60 mg., containing sodium salts from its method of preparation). The 
product isolated in the usual way was chromatographed on alumina (100 g.). Elution with 
light petroleum—benzene (4:1; 1 1.) gave benzylcyclohexane (VII) (0-24 g.). Elution with 
ether—benzene (1:5; 1 1.) gave cis-2-benzylcyclohexanol (V) (0-36 g.) as an oil [3,5-dinitro- 
benzoate, m. p. 125—126° (lit. m. p. 129°)]. Elution with ether—benzene (1:2; 1-5 1) 
afforded trans-2-benzylcyclohexanol (VI) (0-33 g.), m. p. 76—77° (lit.,1° m. p. 77°). 

Similar hydrogenation of 2-benzylidene-1-deuterocyclohexanol (0-78 g.) yielded 2-benzyl- 
cyclohexane (0-22 g.), (-+-)-28- (0-27 g.) (band at 2140 cm. in CCl,) (3,5-dinitrobenzoate, m. p. 
127°) and (-+-)-2«-benzyl-la-deuterocyclohexan-18-ol (0-275 g.), m. p. 75—77° (band at 2130 
cm. in CCl,). The intensities of the C-D bands in the two products were almost identical 
with that of the starting allylic alcohol. 

The deuterated allylic alcohol was made by treating 2-benzylidenecyclohexanone (1-4 g.) in 
dry ether (20 c.c.) with lithium aluminium deuteride (88 mg.) in ether (20 c.c.), the mixture 
being stirred at 20° overnight. The product was isolated with ether and crystallised from 
pentane to give 2-benzylidene-1l-deuterocyclohexanol (1-3 g.), m. p. 60—61° (band in CCI, at 
2140 cm.!). 2-Benzylidenecyclohexanol (IV) (m. p. 60—61°), prepared similarly by using 
lithium aluminium hydride, did not give a band near 2140 cm.*1. 

3-Methylcyclohex-2-enol (XII).—A solution of this compound (1-2 g.) in ethanol (7 c.c.) 
containing sodium nitrite (0-3 mg.) was shaken with hydrogen and catalyst (50 mg.) until 
absorption ceased. The mixture was filtered, an excess of benzene was added to the filtrate, 
and ethanol was removed by azeotropic distillation. The solution of methylcyclohexanols in 
benzene was heated with l-naphthyl isocyanate (1-8 g.) and triethylamine (0-1 g.) under reflux 
for 2 hr. Filtration and evaporation under reduced pressure gave material (1-82 g.) that was 
chromatographed on deactivated alumina (200 g.). Elution with light petroleum—benzene 
(1:4; 2-51.) gave cis-3-methylcyclohexanol l-naphthylurethane (0-82 g.), m. p. 125—129° 
(m. p. 129—130°, after crystallisation from light petroleum) (lit. m. p. 130°). Further 
elution with the same mixture (3 1.) yielded tvans-3-methylcyclohexanol 1-naphthylurethane 

48 Macbeth and Mills, J., 1945, 709. 
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(0-832 g.), m. p. 96—1 14° (m. p. 117—118° after crystallisation from light petroleum) (lit.,™ 
m. p. 118°). 

» Methyleyclohex-2-enol (VIII).—This compound (0-5 g.) in ethanol (4 c.c.) containing 
sodium nitrite (0-3 mg.) was shaken with hydrogen and catalyst (25 mg.). The product was 
isolated with ether and treated with l-naphthyl isocyanate (0-75 g.) as in the previous experi- 
ment, and chromatographed on deactivated alumina (150 g.). Elution with light petroleum— 
benzene (2:1; 1200 c.c.) gave trans-2-methylcyclohexanol (X) 1-naphthylurethane (0-37 g.), 
m. p. 150—156° (m. p. 156—157° after crystallisation from light petroleum) (lit.,% m. p. 156°). 
Further elution with the same mixture (3-5 1.) gave the cis-1-naphthylurethane (cf. XI) (0-372 g.), 
m. p. 108—112° (m. p. 113° after crystallisation from light petroleum) (lit.,% m. p. 112°). 

2-Methylenecyclohexanol (IX).—This (0-7 g.) was hydrogenated and then esterified as in 
the preceding experiments, to give the 1-naphthylurethanes of trans- (0-77 g.) and cis-2-methyl- 
cyclohexanol (0-815 g.). 

(+)-3,6a-Dimethylcyclohex-2-en-18-ol (XII1).—This compound (0-423 g.) in ethanol (3 c.c.) was 
hydrogenated in the presence of sodium nitrite (0-3 mg.) and catalyst (21 mg.). Isolation as 
above gave material that was esterified with phenyl isocyanate (0-45 g.) in boiling light petroleum 
(b. p. 80—100°; 25 c.c.) containing triethylamine (0-1 c.c.). The phenylurethane mixture was 
chromatographed on deactivated alumina (100 g.). Elution with light petroleum—benzene 
(3:1; 11.) gave (+)-2«,5«-dimethylcyclohexan-18-ol phenylurethane (0-412 g.), m. p. 110—115° 
(m. p. 116° * after crystallisation from light petroleum). Further elution with the same 
mixture (1-5 1.) gave (+)-2a,58-dimethylcyclohexan-18-ol phenylurethane (0-415 g.), m. p. 60—65° 
(m. p. 65—66° after crystallisation from light petroleum) (Found: C, 73-2; H, 8-5. C,;H,,O,N 
requires C, 72-9; H, 8-6%). The order of elution should be the same as that for the urethanes 
of cis- and trans-3-methylcyclohexanol, the axial urethane being eluted first. 

(+) -5a-Isopropyl-3-methylcyclohex-2-en-18-ol (trans-Piperitol) (XIV).—This compound 
(0-501 g.) in ethanol (4 c.c.) was hydrogenated with sodium nitrite (0-6 mg.) and catalyst (10 mg.). 
The menthol mixture was isolated and chromatographed on deactivated alumina (50 g.). 
Elution with ether—light petroleum (1: 200; 1-6 1.) gave (+)-5a-isopropyl-3a-methylcyclo- 
hexan-18-ol (XVI) (isomenthol) (0-451 g.), m. p. and mixed m. p. 50—53°. 

(+)-58-Isopropyl-3-methylcyclohex-2-en-1B-ol (cis-Piperitol) (XV).—Hydrogenation of this 
(05 g.), as in the preceding experiment, gave (-+)-58-isopropyl-3a-methylcyclohexan-16-ol 
(XVII) (neomenthol) (0-42 g.) (phenylurethane, m. p. and mixed m. p. 110—112°). 

1-Methylcyclohexanol (XVIII) from 3-Methylcyclohex-2-enol (XII).—The latter compound 
(1:18 g.) in ethanol (7 c.c.) was hydrogenated in the presence of commercial Adams catalyst 
(50 mg.) that had been kept overnight in 10% acetic acid and then washed thoroughly with 
water and dried im vacuo. Ethanol was removed azeotropically with benzene as before. The 
product in benzene was treated with dry pyridine (10 c.c.) and pure p-nitrobenzoyl chloride 
(2 g.), and the mixture was kept at 20° overnight. A part (1-6 g.) of the p-nitrobenzoate 
mixture was chromatographed on deactivated alumina (150 g.). Elution with light petroleum 
(300 c.c.) gave 1-methylcyclohexyl p-nitrobenzoate (0-159 g., 6%), m. p. and mixed m. p. 111—112° 
(from methanol) (Found: C, 64:2; H, 6-4. C,,H,,NO, requires C, 63-85; H, 65%) (the 
authentic sample was made by esterifying 1-methylcyclohexanol). Elution with light 
petroleum—benzene (10: 1) gave a gum (1-2 g.). 

3-Methylcyclohex-2-enol (0-306 g.) in ethanol (1 c.c.) containing pivalic acid (60 mg.) was 
hydrogenated over commercial Adams catalyst (7 mg.). Analysis of a sample of the total 
product by vapour-phase chromatography (stationary phase of dinonyl phthalate at 116°) 
showed that it contained 1-methylcyclohexanol (ca. 10%). 

Starting Materials.—2-Methylenecyclohexanol (IX) was prepared by the method of Dreiding 
and Hartmann,!” and 3-methiylcyclohex-2-enol (XII) by the method of Bowman, Ketterer, 
and Dinga.?* 

2-Methylcyclohex-2-enol (VIII). Bromine (33 g.) was added dropwise to a stirred solution 
of 1-methylcyclohexene (20 g.) in ether (100 c.c.). Removal of solvent under reduced pressure 


* A phenylurethane, m. p. 116—117°, has been obtained '* from the hydrogenation product of 
2,5-dimethylphenol. The authors tentatively assigned the (-)-2«,58-dimethylcyclohexan-1f-ol 
structure to their product. 


%® Ungnade and McLaren, J. Amer. Chem. Soc., 1944, 66, 118. 
” Dreiding and Hartmann, J. Amer. Chem. Soc., 1953, 75, 939. 
%* Bowman, Ketterer, and Dinga, J. Org. Chem., 1952, 17, 563. 
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gave the crude dibromo-compound which was then heated in acetic acid (150 c.c.) and acetic 
anhydride (30 c.c.) containing sodium acetate (50 g.) at 100° for 24 hr. Isolation with ether 
gave 2-methylcyclohex-2-enyl acetate (20 g.), b. p. 100°/30 mm., ,** 1-4606 (lit., b. p. 84°/25 
mm., #,** 1-4645). A solution of the acetate (20 g.) in ethanol (50 c.c.) and water (500 c.c,) 
containing potassium hydroxide (10 g.) was heated under reflux for 1-5 hr. Isolation with 
ether gave 2-methylcyclohex-2-enol (16 g.), b. p. 79°/17 mm., ,,** 1-4848 (lit.,° b. p. 80°/18 mm., 
n,* 1-4855). 

3,6-Dimethylcyclohex-2-enone (XXI). Finely cut lithium (6 g.) was added during 10 min, 
to a stirred solution of 2,5-dimethylanisole (15 g.) in dry ammonia (200 c.c.) and dry ether 
(50 c.c.). The mixture was stirred for 10 min. and dry ethanol (45 g.) was then added with 
stirring during 45 min. When the blue colour had gone, the product was isolated with ether. 
It was immediately hydrolysed by refluxing with 10% sulphuricacidfor4hr. Isolation with ether 
gave the ketone (XXI) (10 g.), b. p. 80°/10 mm., m,*" 1-4845 (C=O band at 1670 cm.*). Its 
ultraviolet absorption (in EtOH) (Amax, 2330 A; ¢ 15,100) was similar to that of 3-methylcyclo- 
hex-2-enone (Amx 2340 A; e¢ 15,150) but different from that of 2-methylcyclohex-2-enone 
(Amax. 2350 A; © 10,600). 

Its 2,4-dinitrophenylhydrazone was obtained as a mixture (m. p. 130—150°) of two forms, 
probably geometrical isomers. Chromatography on bentonite-kieselguhr (elution with benzene) 
gave an isomer, m. p. 171—172° (vermilion plates from ethanol) (Found: C, 55-1; H, 5-35. 
Cy4Hy,.N,O, requires C, 55-2; H, 5-3%). Further elution with benzene gave the second isomer, 
m. p. 161—162° (vermilion needles from ethanol) (Found: C, 55-3; H, 54%). On being 
heated in ethanol solution containing 10% of concentrated hydrochloric acid, each was 
isomerised to a mixture of needles and plates, m. p. 132—145°, which could again be resolved 
into the two isomers by chromatography. 

(+)-3,6a-Dimethylcyclohex-2-en-18-ol (XIII). The foregoing ketone (9 g.) in dry ether 
(50 c.c.) was added to a stirred slurry of lithium aluminium hydride (1-8 g.) in ether (100 c.c.) and 
the mixture was stirred for 2 hr. at 20°. The product; isolated with ether, was dissolved in 
light petroleum (150 c.c.) containing dry pyridine (6-8 c.c.) and treated with a solution of 3,5- 
dinitrobenzoyl chloride (16 g.) in dry benzene (100 c.c.) below 30°. After being kept for 2-5 hr. 
at 20° the mixture was shaken successively with dilute sulphuric acid and aqueous 5% sodium 
hydroxide solution. The organic solution was dried (MgSO,) and evaporated and the residue 
(19 g.) was crystallised from propan-2-ol, to give the pure dinitrobenzoate (9 g.), m. p. 112—114° 
(Found: C, 56-0; H, 5-2. C,;H,,N,O, requires C, 56-25; H, 5-05%). Solutions of the pure 
ester (8 g.) in ether (100 c.c.) and potassium hydroxide (4 g.) in methanol (50 c.c.) were mixed 
and heated under reflux for 15 min. Potassium 3,5-dinitrobenzoate was filtered off, and the 
filtrate was evaporated to quarter-bulk. Isolation with ether gave 3,5a-dimethylcyclohex-2- 
en-1Q-ol (XIII) (2-3 g.), b. p. 132°/15 mm., »,** 1-4723 [phenylurethane, m. p. 84—84-5° (Found: 
C, 73-2; H, 7-8. C,;H,gNO, requires C, 73-5; H, 7-8%)]. 


The authors thank Dr. L. N. Owen (Imperial College, London) and Dr. R. J. Wicker 
(Howards of Ilford, Ltd.) for gifts of chemicals, and the Department of Scientific and Industrial 
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715. Aspects of Stereochemistry. Part XVI.* The Effect of a 
Hydroxyl Group upon the Metal-reduction of Vicinal Epoxides. 
By A. S. HALLSwortH and H. B. HENBEsT. 


Reduction of a vicinal epoxycyclohexane by lithium-ethylamine nor- 
mally gives an axial alcohol, but an olefin can be formed in competition if the 
molecule also contains a hydroxyl group. The cause of this may be that 
the anion from the hydroxyl group inhibits the formation of the anionic 
intermediate that leads to the axial alcohol. 

Reduction of the oxetan, 3«,5a-epoxycholestane, gave a mixture of the 
two axial alcohols, cholestan-3«- and -5«-ols. 


Hicu yields of axial alcohols are usually obtained when vicinal epoxides of the steroid 
series are reduced by the lithium-ethylamine method; ! the specificity may be due to the 
small steric requirements of the attacking solvated electrons. The reduction of several 
epoxy-alcohols related in structure to the simpler epoxides examined before is now reported. 

5,6-Epoxides.—Cholesterol «- and $-epoxide were each treated with lithium in ethyl- 
amine under the same conditions. The a-oxide (I) gave the expected 38,5«-diol (II) in 
only moderate yield (40%), the remainder of the product being starting material (17%), 
and, unexpectedly, cholesterol (III) (40%). Only the 5«-alcohol was obtained on reduction 
of the related unsubstituted compound, 5«,6«-epoxycholestane.! 


oe 30 


(II) (111) 


Reduction of cholesterol f-oxide (IV) gave starting material (80%) and cholesterol 
(12%). This result is very different from that with 58,68-epoxycoprostane where the 
axial alcohol, cholestan-68-ol, was obtained as the major product. 


~~ 


ALS = OF - eo 


(IV) 


6«,7a-Epoxide.—Reduction of 6«,7«-epoxycholestan-38-ol (V) gave the 38,7a(axial)- 
diol (VI) as the main product, together with some of the olefinic alcohol (VII). The 
proportion of olefinic compound formed in this reaction is less than was obtained from 
the 5a,6«- or 7«,8«-epoxides containing 36-hydroxyl substituents (7.e., I, or VIII where 
R = OH). 


a all 30 


ah = AF 


(V1) vies 


Seer aoe of the 7«,8a-epoxyergost-22-enes (cf. VIII), containing 
hydrogen, 6-hydroxyl, or 6-methoxy] substituents at C,g), were investigated; the compound 


* Part XV, preceding paper. 
1 Hallsworth and Henbest, J., 1957, 4604. 
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with a 38-acetoxyl group had been previously * found to give a mixture of the 38,8a(axial). 
diol (IX; R = OH) and the olefinic alcohol (X; R= OH). The following table shows 
that the alcohol : olefin ratio is highest when there is no 3-oxygen substituent and lowest 
when the 3-substituent is hydroxyl (cf. discussion below). 


38-Substituent OMe OAc OH 
Alcohol : olefin ratio . 5-2 1-5 0-67 


— 


(VIII) (IX) 


38-Methoxy-18,28-epoxide.—The experiments with 7«,8«-epoxides indicate that the 
alcohol : olefin ratio is not greatly affected when a 38-hydrogen is replaced by a 3g- 
methoxyl substituent. A methoxyl group placed more closely to an epoxide group might 
have more effect on the reaction course, and 18,28-epoxy-38-methoxycholestane (XI) 
was therefore prepared and reduced. The normal reaction occurred to give an axial 
alcohol (XII). This compound was not isolated but was converted by methylation into 
8,38-dimethoxycholestane (XIII), synthesised from the known 28,38-diol (XIV). 


° 


HO MeO HO 
CroH3, > } —- \ seated } 
MeO : MeO MeO HO : 
H } H 


(XI) (XII) (XIN) ~ (XIV) 


3«,5a-Epoxide.—Oxetans have not apparently been reduced by metals in ammonia 


or amines. Treatment of the endo-epoxide, 3«,5«-epoxycholestane ? (XV) with lithium- 
ethylamine yielded the axial alcohols, cholestan-3«- and -5a-ol, in a 3:7 ratio. 


CigHs0 


~ + coo 


(XV) OH 


Discussion.—Two competing reactions evidently occur when vicinal epoxycyclo- 
hexanes are reduced with lithium in ethylamine: (a) an axial alcohol is formed and (0) 
the epoxide is reduced to the corresponding olefin. Reaction (a) is dominant for epoxides 
not containing nearby hydroxyl groups; however, the formation of a small amount of the 
olefin (X; R = H) from the epoxide (VIII; R = H) shows that reaction can occur in 
an epoxide not containing a hydroxyl group. 

The experiments with the cholesterol «- and $-oxide in which cholesterol was formed 
and starting materials were partially recovered indicate that reaction (b) occurs (to give 
cholesterol) because reaction (a) is inhibited. Inhibition of reaction (a) may be caused 
by rapid conversion of the hydroxyl group (by lithium or lithium ethylamide) into its 
conjugate anion, which then inhibits the formation of an anionic species that is an inter- 
mediate for the formation of an axial alcohol. Thus the greatest recovery of starting 
material, corresponding to the greatest inhibition of reaction (a), was observed with 
cholesterol 6-oxide (IV) where reaction (a) could give a 5-carbanionic intermediate. With 
cholesterol «-oxide the corresponding intermediate is placed one carbon farther away, 
at Cy); reaction (a) is, therefore, less inhibited than in the $-oxide and takes place at a 


2 Clayton, Henbest, and Smith, /., 1957, 1982. 
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similar rate to reaction (6), about equal amounts of the axial alcohol and the olefin being 
formed. The anion of the 36-hydroxy-group still maintains an effect across two rings to 
Cj, comparable amounts of 8a-alcohol and olefin being obtained from the 7«,8-epoxide 
(VIII; R=OH). Further studies of these effects are being made. 

The alcohol : olefin product ratio is higher on reduction of the 3-hydroxy-6«,7«-epoxide 
(V) than of the 3-hydroxy-7«,8«-epoxide (VIII; R= OH), although the 3-hydroxyl 
group is closer to the group to be reduced in the former compound. Thus the product 
containing a trisubstituted A’-bond is apparently more easily formed than that containing 
a disubstituted A®-bond, indicating that the extent of reaction (b) for a particular com- 
pound can depend on the environment (especially the degree of substitution) of the epoxide 
as well as on the presence of a hydroxyl group and the distance of this group from the 
site of reaction. 

Evidence accrues that the metal-reduction of aromatic compounds can involve two 
single-electron addition stages.*# The possibility that additions of single electrons occur 
as intervening steps in the overall reaction paths (a) or (b) for the reduction of epoxides 
needs therefore to be examined. 

The formation of both axial alcohols from the reduction of the 3a,5«-epoxide (XV) 
shows that, in this compound, the direction of ring opening is not strongly influenced by 
the secondary versus tertiary character of the 3- and 5-atoms at which reduction occurs. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block. Rotations were determined for CHCl, solutions. 
The infrared absorptions of products were in each case consistent with the structures assigned. 
Light petroleum refers to the fraction of b. p. 40—60°. P. Spence alumina (grade H) was used 
for chromatography; when necessary it was deactivated with dilute acetic acid. 

Reduction of 5«,6a-Epoxycholestan-38-ol (1).—The epoxy-alcohol (0-5 g.) was reduced with 
lithium (0-25 g.) in ethylamine (25 g.) for 1 hr. and the product chromatographed on deactivated 
alumina (50 g.). Elution with benzene gave cholesterol (0-206 g.), m. p. and mixed m. p. 
147—148°, {a],, —40°. Benzene-ether (9: 1) eluted starting material (83 mg.), m. p. and mixed 
m. p. 141°, {aj,, —46°, whilst elution with ether gave cholestane-38,5a-diol (0-2 g.), m. p. and 
mixed m. p. 223—225°, [aJ,, +20°, after one crystallisation from ethyl acetate—methanol. 

Reduction of 58,68-Epoxycholestan-38-ol (IV).—The epoxy-alcohol (0-5 g.) was treated with 
lithium (0-25 g.) in ethylamine (15 g.) for 1 hr. Isolation via ether gave a product (0-495 g.), 
which was chromatographed on deactivated alumina (50 g.). Benzene eluted cholesterol 
(60 mg.), m. p. and mixed m. p. 148° (from ethanol), [a], —39°. Further elution with benzene— 
ether (9: 1) afforded starting material (0-4 g.), m. p. and mixed m. p. 132°, [aj,, +11°. 

Preparation and Reduction of 6a,7a-Epoxycholestan-38-ol (V).—38-Acetoxycholest-6-ene 
(0-5 g.) in dry benzene (10 ml.) was treated with a 0-508m-solution (2-5 ml., 1-1 mol.) of per- 
benzoic acid in benzene for 10 hr. at 20°. Potassium hydroxide (0-5 g.) in methanol (50 ml.) 
was added and the mixture was kept at 20° for 18 hr. The product (0-47 g.) was isolated with 
ether and chromatographed on deactivated alumina (50 g.). Elution with benzene-ether 
(9: 1) yielded 6a,7a-epoxycholestan-36-ol (0-465 g.), m. p. 142—143° (from methanol), [aJ,, —40° 
(Found: C, 80-5; H, 11-5. C,,H,,O, requires C, 80-55; H, 11-5%). 

The epoxy-alcohol (0-2 g.) was reduced with lithium (0-1 g.) in ethylamine (10 g.) (solution 
blue for 1 hr.). Isolation via ether afforded a product (0-2 g.) that was chromatographed on 
deactivated alumina (20 g.). ‘Elution with benzene gave cholest-6-en-38-ol (40 mg.), m. p. and 
mixed m. p. 122—124° (from methanol), [],, —90°. Elution with ether yielded cholestane- 
38,7a-diol (0-16 g.), m. p. 152—153°, [a], +10°, after crystallisation from methanol. Acetyl- 
ation of the diol with acetic anhydride—pyridine at 20° gave the diacetate, m. p. 137—138°, 
a], —16° (recorded data for 38,7a-diol are m. p. 152—153°, [a], +8°, and for its diacetate, m. p. 
138—139°, [aJ,, —17°). ‘ 

Preparation and Reduction of 7a,8a-Epoxyergost-22-ene (VIII; R = H).—Ergosta-7,22-diene 
(1 g.), in dry benzene (20 ml.), was treated with a 0-473m-solution (6 ml., 1-1 mol.) of perbenzoic 


* Birch and Nasipuri, Tetrahedron, 1959, 6, 148. 
* Wawzonek and Wearring, J]. Amer. Chem. Soc., 1959, 81, 2067, where earlier references are given. 
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acid in benzene for 8 hr. at 20° (no peracid remained). After being shaken with 10% aqueous 
potassium hydroxide and water, the solution was dried by azeotropic distillation and evaporated 
to give a product (1-03 g.) which, on recrystallisation from acetone, gave 7,8«-epoxyergost-22-ene 
(0-75 g.), m. p. 141-5—143°, [a], —10° (Found: C, 84-3; H, 11-55. C,,H,,O requires C, 84-35; 
H, 11-65%), Vmax. (in CS,) 975 cm. (A**). 

The epoxide (0-5 g.) was reduced with lithium (0-25 g.) in ethylamine (40 g.) (solution blue 
for 1 hr.). The product (0-5 g.) was isolated with ether and chromatographed on alumina 
(50 g.). Light petroleum eluted ergosta-7 : 22-diene (60 mg.), m. p. and mixed m. p. 125—126°, 
[a], —16°. Elution with benzene-ether (19:1) afforded ergost-22-en-8a-ol (0-44 g.), m. p. 
117—118° (from methanol), [a],, —26° (Found: C, 83-9; H, 12-0. C,,H,,O requires C, 83-95; 
H, 12-1%), vmax. (in CS,) 3620 (OH) and 975 cm. (A*), 

Preparation and Reduction of 38-Methoxy-7a,8a-epoxyergost-22-ene (VIII; R = OMe).— 
36-Methoxyergosta-7,22-diene (4-12 g.; m. p. 150—151°) in dry benzene (75 ml.) was treated 
with a 0-493m-solution (23 ml., 1-1 mol.) of perbenzoic acid in benzene for 7 hr. at 20° (no 
peracid remained). The solution was then filtered through deactivated alumina (15 g.) and 
evaporated under reduced pressure to give 38-methoxy-7,8a-epoxyergost-22-ene (4-1 g.), m. p. 
143-5—144° (from acetone), [a],, —18° (Found: C, 81-5; H, 11-45. C,,H,,O, requires C, 81-25; 
H, 11-3%). 

The epoxide (0-5 g.) was reduced with lithium (0-25 g.) in ethylamine (25 g.) for 1 hr. 
Isolation with ether afforded a product (0-5 g.) that was chromatographed on deactivated 
alumina (50 g.). Elution with light petroleum gave 36-methoxyergosta-7,22-diene (80 mg.), 
m. p. and mixed m. p. 150—151°, [a], —22°. Light petroleum—benzene (1:1) eluted 36- 
methoxyergost-22-en-8a-ol (0-42 g.), m. p. 152—153° (from methanol), [a],, —30° (Found: C, 81-1; 
H, 11-65. C,9H,;,O, requires C, 80-85; H, 11-7%), vmax, (in CS,) 3620 (OH), 1108 (OMe), and 
975 cm. (A*). 

The methoxy-8a-alcohol (50 mg.) in pyridine (2 ml.) was treated with thionyl chloride 
(0-1 ml.) at 20°. After 30 min. the product was isolated with ether, then dissolved in light 
petroleum and filtered through deactivated alumina. Crystallisation of this material (45 mg.) 
from acetone gave 38-methoxyergosta-7,22-diene, m. p. afd mixed m. p. 149—150°, [a], —22°. 

Preparation and Reduction of 7«,8a-Epoxyergost-22-en-38-ol (VIII; R = OH).—A solution 
of 38-acetoxy-7«,8a-epoxyergost-22-ene (0-9 g.) in 1% ethanolic potassium hydroxide (200 ml.) 
was left for 18 hr. at 20°. Isolation with ether gave the eporxy-alcohol (0-815 g.), m. p. 153—154° 
(from methanol), [a],, —10-5° (Found: C, 81-1; H, 11-1. C,gH,,O, requires C, 81-1; H, 11-2%). 

The epoxy-alcohol (0-5 g.) was reduced with lithium (0-25 g.) in ethylamine (25 g.) for 1 hr. 
Isolation with ether gave material (0-485 g.) which was adsorbed on deactivated alumina (50 g.). 
Elution with benzene yielded ergosta-7,22-dien-3a-ol (0-29 g.), m. p. and mixed m. p. 173—174° 
(fromethanol). Ether eluted ergost-22-ene-38,8a-diol (0-195 g.), m. p. 190—191° (from methanol), 
[a], —23-5° (Found: C, 80-7; H, 11-6. C,,H,,O, requires C, 80-7; H, 11-6%). 

Similar reduction of 36-acetoxy-7«,8«-epoxyergost-22-ene (0-5 g.) gave ergosta-7,22-dien- 
38-ol (0-18 g.) and the 38,8a-diol (0-27 g.). 

Preparation and Reduction of 18,28-Epoxy-38-methoxycholestane (XI).—18,28-Epoxy- 
cholestan-38-ol (0-3 g.) was dissolved in a M-solution (20 ml.) of potassium t-butoxide in t-butyl 
alcohol; methyl iodide (1-5 ml.) was added, and the mixture was kept at 20° for 1 hr. The 
product (0-305 g.) was isolated with ether and chromatographed on deactivated alumina (20 g.). 
Elution with light petroleum—benzene (9:1) afforded 18,26-epoxy-38-methoxycholestane (0-245 
g.), m. p. 102—103° (from methanol), [a],, +63° (Found: C, 80-7; H, 10-5. C,.H,,O, requires 
C, 80-7; H, 116%). 

The epoxide (0-25 g.) was reduced with lithium (0-125 g.) in ethylamine (15 g.). Isolation 
with ether gave a product (0-25 g.) which was dissolved in a M-solution (30 ml.) of potassium 
t-butoxide in t-butyl alcohol, and methyl iodide (2 ml.) was then added. The whole was kept 
at 20° for 1 hr., and the steroid was isolated with ether. This material was remethylated by 
the same procedure, to yield a final product (0-245 g.) from which 28,38-dimethoxycholestane 
(0-195 g.) (XIII), m. p. and mixed m. p. 88—90° (from methanol), [],, +36°, was obtained. 

28,38-Dimethoxycholestane (XIII).—Cholestane-28,38-diol (XIV) (0-1 g.) was dissolved in a 
m-solution (10 ml.) of potassium t-butoxide in t-butyl alcohol, and methyl iodide (0-7 ml.) 
added. After the mixture had been kept at 20° for 1 hr., the product was isolated with ether. 
This material was remethylated by the same procedure, to give a final product (95 mg.) that 
was adsorbed on to deactivated alumina (5 g.) from light petroleum. Elution with light 
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petroleum gave the dimethyl ether (65 mg.), m. p. 91—92° (from methanol), [«],, +36° (Found: 
C, 80°3; H, 12-1. CygH,,0, requires C, 80-5; H, 12-1%), vmax. (in CS,) 1105 cm. (OMe) (no 
hydroxy! band). 

Reduction of 3a,5a-Epoxycholestane (XV).—The epoxide (50 mg.) was reduced with lithium 
(50 mg.) in ethylamine (10 g.). Isolation with ether gave material (50 mg.) that was chromato- 
graphed on deactivated alumina (5 g.). Light petroleum eluted cholestan-5a-ol (35 mg.), 
m. p. and mixed m. p. 108—109° (from acetone), [aj], +22°. Elution with light petroleum— 
benzene (1:1) gave cholestan-3«-ol (15 mg.), m. p. and mixed m. p. 181—182°, having an 
infrared spectrum identical with that of an authentic sample. 


We thank Glaxo Laboratories Ltd. for financial assistance (to A. S. H.) and gifts of chemicals. 
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716. Aspects of Stereochemistry. Part XVII.* Oxetans from 
Monoarenesulphonyl Esters of 1,3-Diols. 


By H. B. HEenBeEst and B. B. MILLWARD. 


A study of the formation of oxetans in reactions of mono-p-bromobenzene- 
sulphonates of 1,3-diols with potassium t-butoxide in t-butyl alcohol at 26° 
or 30° is reported. 


EARLIER work ! showed that potassium t-butoxide in t-butyl alcohol was an effective base 
for decomposition of monoarenesulphonates of cyclohexane-1,3-diols. Fission (fragment- 
ation *) into an unsaturated carbonyl compound was the usual reaction, but in one case 
a 1,3-epoxycyclohexane was also formed (3«,5a-epoxycholestane from 5«-hydroxycholestan- 
38-yl toluene-p-sulphonate in 55% yield). In this exceptional reaction, a decrease in 


steric compression helps to overcome the usual reluctance for the strained endo-1,3-epoxide 
structure to be formed. The present paper describes the reactions of potassium t-butoxide 
with monosulphony] esters of 1,3-diols that could lead to less strained 1,3-epoxides. Both 
the formation of epoxides by intramolecular substitution and the fragmentation ? have 
fairly precise geometrical requirements, and thus the choice of reaction may be expected to 
depend on the preferred conformation of the anion of the initial hydroxy-ester. Mono-p- 
bromobenzenesulphonates, that could be purified by crystallisation, were used as starting 
materials. 

Results and Discussion.—Solutions of the mono-p-bromobenzenesulphonates in t-butyl 
alcohol were treated with potassium t-butoxide in the same alcohol at 26° or 30°. The 
reactions were followed by titration, and rates were compared by comparing the half- 
lives. 

The cis-hydroxy-ester (I) gave, on reaction at 26°, a 67% yield of the epoxide (II), 
presumably the same as that obtained in low yield by Rupe and Klemm ® on treatment 
of mixed cis- and trans-2-hydroxymethylcyclohexanols with acid. The half-life of the 
trans-hydroxy-ester (III) was about forty times that of its cis-isomer (I), the main products 
being polymers showing infrared vinyl absorption but weak carbonyl absorption; these 
were clearly derived from the alkali-sensitive hept-6-enal (IV), the initial product of 
fragmentation (cf. the condensation of hex-5-enal under similar conditions‘). 
Fragmentation occurs therefore in place of the formation of the very strained trans- 
epoxide. A small amount (14%) of the t-butyl ether (V) was also obtained, a type of 
side-reaction also observed in the steroid series. 


* Part XVI, preceding paper. 
1 Clayton, Henbest, and Smith, J., 1957, 1982. 


* Cf. Grob in “‘ Theoretical Organic Chemistry (Kekulé Symposium),’”’ Butterworths, 1959, p. 114. 
* Rupe and Klemm, Helv. Chim. Acta, 1938, 21, 1538. 
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In various studies * of the action of alkaline reagents on 1,3-halogenohydrins it has 
been observed that higher yields of epoxides are often obtained when R is changed from 
hydrogen to alkyl in molecules of the type HO*CR,°CH,°CH,°Hal or HO-CH,°CR,°CH,Hal. 
It seems that substituents cause such effects largely by increasing the likelihood of the 


CH,-OX CH, CH,-OX Vi CH,-OBut 
> ! —> + 
OH ° “OH ’e) “OH 
(I) 


(11) (IIT) (IV) (V) 





x= p-C,H,Br-SO, 


molecule’s adopting the conformation necessary for cyclisation. The mono-p-bromo- 
benzenesulphonates of 1-2’-hydroxyethylcyclohexanol (VI) and the diol (IX; X = H) are 
related to these types of dialkyl-substituted molecule. In the preferred conformation (VI) of 
the former compound the anion of the hydroxyl group and the sulphonate group are likely to 
be correctly placed for an intramolecular displacement. In agreement, the epoxide (VII) 
(62% isolated) was formed in a relatively rapid reaction [half-life of (VI) about one- 
twentieth that of the cis-compound (I)]. It was helpful to have calcium hydroxide 
present during the initial distillation of this epoxide as traces of acid (formed, for example, 
by decomposition of small amounts of unchanged sulphonic ester) isomerised the epoxide 
to the unsaturated alcohol (VIII). This isomerisation was also carried out separately 
with boron trifluoride as catalyst (cf. the similar reaction of 3«,5«-epoxycholestane 3). 


X = p-CsH,Br-SO, 
CH,-CH,OX —> a 
a “ CH,-CH,-OH 


(VI) (VII) (VIII) 


The compound (IX) also reacted rapidly with potassium t-butoxide, the epoxide (X) 
being obtained in 72% yield. This shows that the starting material can readily adopt the 
conformation (IXB) instead of the usual, more extended conformation (IXA). An altern- 
ative argument that the epoxide is formed because fragmentation is inhibited appears less 


likely as recent work ? on the stereochemistry of fragmentation suggests that either of the - 


conformations (IXA or IXB) could be suitable for the cleavage (to formaldehyde and 
2-butylhex-1l-ene). 


Bu Bu Bu Bu 
~~ - is 4 Buz 
XO. .-C..-0 Ct NOW 2 Onn > 
‘4 eee i ‘% 1 YH 
HH HH HH o~ fe) 
(IXA) (IXB) (X) 


Finally, the reactions of the mono-p-bromobenzenesulphonates of meso- and rac.- 
pentane-2,4-diol (XI) and (XII) were compared. Both compounds underwent fragment- 
ation, propene being obtained in 55—60% yields (as the osmium tetroxide—pyridine 
adduct). The half-life of the ester (XI) from the meso-diol was about twice that of its 
isomer (XII), a consequence of the more favourable conformation (two methyl groups 
apart) of the latter compound for fragmentation. 

The esters (XI) and (XII) were obtained starting from acetylacetone. Hydrogenation ® 

* Searles and Gortatowski, J. Amer. Chem. Soc., 1953, 75, 3030; Farthing, J., 1955, 3648; Forsberg, 


Acta Chem. Scand., 1954, 8, 135. 
5 Cf. Reynolds and Kenyon, J. Amer. Chem. Soc., 1950, 72, 1593. 
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of this gave pentane-2,4-diol which was converted by reaction with p-bromobenzene- 
sulphonyl chloride (1-03 mol.) into a product separated by chromatography into two 
monoesters, m. p.s 57° and 77—79°, and a diester, m. p. 145—146°, shown to be derived 
from the lower-melting monoester. The isolation of two monoesters shows that the 


H a bi H2 * 
A ae cheer, ds ROC. 00 
4% rm 4° 4% x, > p-C.6H,4Br-SO, 
Me H H Me [Me-CHO] Me H H Me 
(XI) (XI) 


meso- and rac-diols are both formed in the hydrogenation of acetylacetone. The con- 
figurations of the pentane-2,4-diols have recently been established.*” The diester, m. p. 
145—146°, was prepared from a pure sample of the meso-diol kindly provided by Dr. J. 
Dale; the lower-melting monoester is therefore derived from the meso-diol. The pentane- 
2,4-diol mixture from our hydrogenation contained about 75% of the meso-compound, as 
estimated by the isolation of a crystalline borate ester (Dr. J. Dale, personal 
communication). 

The 1,3-diols were prepared by methods given in the literature. The diols used for 
preparing the esters (VI) and (IX) were obtained crystalline for the first time. 

Infrared Spectra.—A general trend in the infrared absorption of cyclic ethers is a move-’ 
ment of the principal C-O-C stretching band to a lower frequency as the size of the ring 
diminishes and the strain increases. cis-Substituted oxirans generally absorb in the 
830—890 cm.? range, and the related oxetans in the 970—980 cm. region. The 
absorption bands for the oxetans prepared in this and earlier work are given below. The 
frequency values for the last three compounds are lower than normal (approaching the 
values for oxirans), clearly because of increasing strain in the oxide ring arising from fusion 
to carbocyclic systems. Similarly, in 1,4-epoxides, the more rigid 5«,8«-epoxy-steroids ® 
absorb at a lower frequency (960 cm.) than less strained compounds, ¢.g., 1,4-cineolé 
(990 cm.) and tetrahydrofuran (1076 cm.*). 


Principal absorption bands (cm.*) of oxetans (in CS.) in the 10—12 u range 


(strongest band tn italic type). 
CNN as cnedscrscvastoonevelibeccdesetesseddsiilideseseusdonvvoubioubbadie 990, 905 
DORI, 5:0iing ss sxe ss sesnrnderionsocenstavegemanerinannesdesesas bie 985, 955 (also 853) 
ae, CTED. 0 scpennapenencsenstancakeserebotenaenereriadl 982 (also 830w) 
PE PUL aca sisotcuecquocepactppesahacesponseseeer 996, 970, 992 (also 850w) 
cis-7-Oxabicyclo[4,2,OJoctane (II) .............scsscecesceccecsscecees 985, 958, 930 (also 825w) 
3a,5a-Epoxybicyclo[2,2, lJheptan-2B-ol 1 ............cceseeeeseeeees 968, 938 (also 822) 
Sa, Ce-Epomyoemastaes ® ..ccsccccccssccccccscapsscosscssscesbosponessses 890 

EXPERIMENTAL 


M. p.s were determined on a Kofler block. P. Spence’s alumina (Grade H) was neutralised 
by treatment with 5% of its weight of 10% aqueous acetic acid before use in chromatography. 
Light petroleum had b. p. 60—80°. t-Butyl alcohol was treated with sodium and distilled. 
Other solvents were also dried. Ultraviolet absorptions were determined for cyclohexane 
solutions. The minimum times of reaction for destruction of the hydroxy-sulphonates were 
determined beforehand by small-scale experiments in which the consumption of alkali was 
determined by titration. 

® Nagai, Kuribayashi, Shiraki, and Ukita, J. Polymer Sci., 1959, 35, 295. 

* Dr. J. Dale (European Research Associates), unpublished work. 

* Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,’’ Methuen & Co. Ltd., 1958, p. 119. 


* Clayton, Crawshaw, Henbest, Jones, Lovell, and Wood, J., 1953, 2009, 2015. 
” Henbest and Nicholls, J., 1959, 221. 
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Preparation of cis- and trans-2-Hydroxymethylcyclohexanols.—Methy] salicylate (118 g.) in 
dry methanol (250 c.c.) was hydrogenated over Raney nickel (5 g.) at 150°/125 atm. for 14 hr, 
The product was carefully fractionated to give almost pure methyl cis-2-hydroxycyclohexane.- 
carboxylate (77 g., 63%), b. p. 100-5—102°/12 mm., m,,”" 1-467 (lit.,1' b. p. 105°/14 mm. » My 
1-4645). The higher-boiling fractions (27-4 g., 22%) consisted mainly of the trans- -hydroxy. 
ester, but this compound was better prepared by an adaption of a published method ?* as follows, 
tvans-2-Chlorocyclohexanol (24-1 g.) in ethanol (125 c.c.), and potassium cyanide (25 g.) in water 
(100 c.c.), were mixed and heated under reflux for 4 hr. Potassium hydroxide (35 g.) was added 
and the heating continued for 13 hr. Ethanol was removed by steam-distillation, and the 
aqueous solution was washed with ether and then acidified with concentrated sulphuric acid 
(60 c.c.). Continuous extraction with ether gave material which crystallised from isopropyl 
ether as prisms (12-4 g., 48%), m. p. 105—110°. Recrystallisation gave trans-2-hydroxycyclo- 
hexanecarboxylic acid, m. p. 109—111° (lit.,4 111°). Methylation with a distilled solution of 
diazomethane in ether gave the trans-hydroxy-ester, m. p. 34—36° (from light petroleum) 
(lit.,44 35—36°). 

Reduction of the cis-hydroxy-ester (28 g.) with an excess of lithium aluminium hydride in 
boiling ether followed by isolation of the product by continuous ether-extraction gave the cis- 
diol (6-4 g.), m. p. 45—53° (from isopropyl ether). Further crystallisation gave diol with m. p. 
49—51°. The di-p-nitrobenzoate had m. p. 133—135° (from aqueous ethanol), and the bis-3,5- 
dinitrobenzoate had m. p. 158—159° (from ethanol—benzene) (Found: C, 48-8; H, 33. 
C,,H,,N,O;, requires C, 48-7; H, 3-5%) (lit., diol,’* m. p. 49—50°; di-p-nitrobenzoate,™ m. p. 
132—134°). 

Similar reduction of the tvans-hydroxy-ester afforded the trans-diol in 75% yield, b. p. 100— 
101°/0-3 mm., m,,** 1-484 (lit.,4° b. p. 112—130°/0-07 mm.). 

Reactions starting from  cis-2-Hydroxymethylcyclohexanol.—p - Bromobenzenesulphonyl 
chloride (9-7 g., 0-038 mol.) was added to a solution of the diol (5 g., 0-038 mole) in pyridine 
(45 c.c.) at —30°. After being kept at —30° overnight the mixture was treated with ice (120 g.) 
and hydrochloric acid (55 c.c.) and extracted with benzene. The material from this extract 
was chromatographed on deactivated alumina (600 g.). Bénzene eluted the monoester (I) 
(9-6 g., 72%), m. p. 47—49° (from isopropyl ether) (Found: C, 44:9; H, 4:8. C,,H,,0,BrS 
requires C, 44-7; H, 49%), Amax. 2345 A (e 18,000). 

N-Potassium t-butoxide (20 c.c., 0-02 mole) was added to a solution of the ester (I) (4-4 g., 
0-013 mole) in t-butyl alcohol (25 c.c.) at 26°. After 30 min. the mixture was diluted with 
pentane (150 c.c.) and cooled to — 80°, and the mixture of inorganic material and t-butyl alcohol 
was removed by rapid filtration at 0°. The filtrate was washed with a little water and, after 
careful removal of pentane, distillation afforded cis-7-oxabicyclo[4,2,0]octane (II) (0-96 g., 67%), 
b. p. 35-5°/7 mm., ,”° 1-465 (Found: C, 75-2; H, 10-6. Calc. for C;,H,,0: C, 75-0; H, 10-8%) 
(lit.,5 b. p. 54°/11 mm.). The infrared spectrum of the distillation residue (40 mg.) indicated 
the presence of unchanged starting material, and a compound containing vinyl groups (bands 
at 910 and 3060 cm.); this is probably a condensation product of hept-5-enal (cf. next 
experiment). 

Reactions starting from  trans-2-Hydroxymethylcyclohexanol.—p-Bromobenzenesulphonyl 
chloride (22-2 g., 0-087 mole) was allowed to react with the diol (11-3 g., 0-087 mole) in pyridine 
(100 c.c.) at —30° overnight. Ice (200 g.) and hydrochloric acid (100 c.c.) were added and the 
product was isolated with ether. Crystallisation from light petroleum-—isopropyl ether gave 
material (22-1 g., 73%), m. p. 70—80°. The pure monoester (III) had m. p. 82—84° (Found: 
C, 44-7; H, 4-9. C,,H,,O,BrS requires C, 44-7; H, 4-9%), Amax, 2350 A (e 17,000). 

Treatment of the ester (III) (5-5 g., 0-016 mole) in t-butyl alcohol (20 c.c.) at 30° with n- 
potassium t-butoxide (30 c.c.) under nitrogen gave a yellow suspension which after 19 hr. was 
diluted with water and pentane. The latter extract gave a yellow oil (2-2 g.) which was distilled 
at 0-25 mm. from a little calcium hydroxide. Redistillation gave trans-2-t-butoxymethylcyclo- 
hexanol (V) (0-38 g., 14%), b. p. 66—67°/0-15 mm., ,* 1-454 (Found: C, 70-8; H, 11-9. 
C,,H,,O, requires C, 70-9; H, 119%). The 3,5-dinitrobenzoate had m. p. 80—81-5° (from 
aqueous ethanol) (Found: C, 56-8; H, 6-2. (C,,H,,0O,N, requires C, 56-8; H, 64%). The 
next fraction (0-2 g.), b. p. 96—108°/0-15 mm., ,** 1-476, showed weak carbonyl bands at 

1 Pascual, Sistare, and Regas, J., 1949, 1943. 


12 Mousseron, Julien, and Winternitz, Compt. rend., 1948, 226, 1909. 
13 Siegel, J. Amer. Chem. Soc., 1953, 75, 1317. 
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1635, 1670, and 1700 cm. and vinyl bands at 910 and 3050 cm. consistent with a condens- 
ation product from hept-5-enal (IV). The orange higher-boiling residue (0-5 g.) showed similar 
infrared absorption. 

Reactions starting from 1-2’-Hydroxyethylcyclohexanol.—The diol was prepared by reducing 
methyl 1-hydroxycyclohexylacetate “ with an excess of lithium aluminium hydride in boiling ether. 
Isolation by continuous ether-extraction gave the diol (53%), b. p. 96—97°/0-2 mm., n,,*4 1-487, 
m. p. 21—25° (lit.,%7* b. p. 140—145°/10 mm., m,** 1-4870). The 3,5-dinitrobenzoate had m. p. 
105—107° (from aqueous ethanol) (Found: C, 53-2; H, 5-4. C,;H,,0,N, requires C, 53-5; 
H, 5-4%). 

te diol (10-2 g., 0-071 mole) was esterified with p-bromobenzenesulphony] chloride (18-1 g., 
0-071 mole) in pyridine (80 c.c.), as in the previous experiment. The product precipitated by 
water was dried and crystallised from isopropyl ether to give the ester (VI) (23-2 g., 90%), 
m. p. 73—78°. Pure 2-1’-hydroxycyclohexylethyl p-bromobenzenesulphonate had m. p. 77—78° 
(Found: C, 46-3; H, 5-0. C,,H,,O,BrS requires C, 46-3; H, 5°3%), Amax. 2350 A (e 17,000). 

Solutions of the ester (VI) (2-6 g.) in t-butyl alcohol (20 c.c.) and N-potassium t-butoxide 
(20 c.c.) were mixed and kept at 26° under nitrogen for 23 hr. Water was added, followed 
by dilute hydrochloric acid until the solution reached pH 8. The product was isolated with 
benzene and distilled from a little calcium hydroxide to give l-oxaspiro[5,3]nonane (VII) (0-56 g., 
62%), b. p. 57°/16 mm., n,* 1-458 (Found: C, 76-4; H, 11-1. C,H,,O requires C, 76-1; H, 
11-2%). From another experiment, when an excess of hydrochloric acid was added to the 
reaction mixture and the product was distilled without the addition of calcium hydroxide, 1-2’- 
hydroxyethylcyclohexene (VIII) was obtained, b. p. 101°/17 mm., »,”* 1-487 (Found: C, 76-4; 
H, 11-5. Calc. for C,H,,0: C, 76-1; H, 11-2%), eeo49 4000. The 3,5-dinitrobenzoate had m. p. 
85—87° (from aqueous ethanol) (lit.,” b. p. 74—75°/2 mm., m,° 1-4878, for the alcohol; m. p. 
78—80° for the 3,5-dinitrobenzoate). Hydrogenation of the unsaturated alcohol in ethanol in 
the presence of Adams catalyst afforded 2-cyclohexylethanol isolated as its 3,5-dinitrobenzoate, 
m. p. 71-5—72° (lit.,1® m. p. 70-5°). 

Reactions starting from 2-Butyl-2-hydroxymethylhexan-1-ol.—The diol was prepared in 77% 
yield by reduction of diethyl di-n-butylmalonate with an excess of lithium aluminium hydride in 
ether. It had m. p. 113—115°/0-2 mm., m,”’ 1-457. Low-temperature crystallisation from 
pentane gave the diol, m. p. 37—40-5° (Found: C, 70-2; H, 13-0. C,,H,,O, requires C, 70-2; 
H, 12:9%). This compound had been obtained ” earlier as a liquid, b. p. 125—130°/1 mm. 

p-Bromobenzenesulphony] chloride (5-5 g., 0-022’ mole) was added in portions to a solution 
of the diol (3-7 g., 0-02 mole) in pyridine (25 c.c.) at 0°. The solution was kept at 0° overnight, 
then an excess of hydrochloric acid and ice was added and the product was extracted with 
carbon tetrachloride and chromatographed on deactivated alumina (200 g.). Elution with 
light petroleum—benzene (1: 4) gave the diester (1-6 g., 18%), m. p. 111—112° (from benzene) 
(Found: C, 44-2; H, 4-95. C,3H,9O,Br,S, requires C, 44-1; H, 4-8%), Amax, 2360 A (e 35,000). 
Elution with benzene afforded the monoester (IX) (4-1 g., 51%), m. p. 59—61° (from light 
petroleum) (Found: C, 50-4; H, 6-35. C,;H,,0,BrS requires C, 50-1; H, 6-7%), Amax. 2360 A 
(e 16,000). A mixture of N-potassium t-butoxide (25 c.c., 0-025 mole) and a solution of the 
monoester (3-7 g., 0:0091 mole) in t-butyl alcohol (60 c.c.) was kept at 30° for 2hr. The product 
was isolated with ether and distilled, to give 3,3-dibutyloxetan ({X) (1-1 g., 72%), b. 105°/15 mm., 
n,* 1-439 (Found: C, 77-9; H, 13-1. C,,H,,O requires C, 77-6; H, 13-0%). 

Reactions starting from Pentane-2,4-diol.—Redistilled acetylacetone (68-4 g.) in ethanol 
(400 c.c.), hydrogenated over Raney nickel (5 g.) at 100°/150 atm., gave pentane-2,4-diol 
(60-5 g.), b. p. 100°/14 mm., n,*° 1-436. The diol (28-9 g., 0-28 mole) was esterified with p-bromo- 
benzenesulphonyl chloride (73 g., 0-29 mole) in pyridine (300 c.c.) at —30° overnight. The 
product was isolated with benzene and chromatographed on deactivated alumina (3 kg.). 
Benzene-light petroleum eluted the meso-diester, (13-1 g., 9%), m. p. 145—146° (decomp.) 
(from benzene) (Found: C, 38-0; H, 3-2. C,,H,,O,Br,S, requires C, 37-7; H, 3-4%). Benzene 
eluted the monoester (XII) of the rac.-diol; this (4-5 g., 5%) had m. p. 69—77° (from isopropyl 


M4 Wallach, Annalen, 1906, 347, 328. 

#8 Billimoria and Maclagan, J., 1952, 3067. 
16 Mousseron, Jacquier, Mousseron-Canet, and Zagdown, Bull. Soc. chim. France, 1952, 1042. 
” Benkeser, Arnold, Lambert, and Thomas, J. Amer. Chem. Soc., 1955, '77, 6042. 
% Huston and Agett, J. Org. Chem., 1941, 6, 123. 

*® Yale, Pribyl, Braker, Bernstein, and Lott, J. Amer. Chem. Soc., 1950, 72, 3716. 
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ether), raised to 77—79° by crystallisation from the same solvent (Found: C, 41-1; H, 45. 
C,,H,,0,BrS requires C, 40-9; H, 4.7%). Benzene next eluted the monoester (XI) of the 
meso-diol; this (5-6 g., 6%) had m. p. 48—56° (from isopropyl ether) raised to 57° by crystallis- 
ation from the same solvent (Found: C, 41-2; H, 4-7%). 

Samples of each monoester (0-25 g.) in t-butyl alcohol (5 c.c.) were treated with N-potassium 
t-butoxide (1-5 c.c.) at 26°. A slow stream of nitrogen was bubbled through the mixture for 
4 hr. and into a 1% solution of osmium tetroxide in ether (20 c.c.) and pyridine (1-5 c.c.) at 0°, 
Brown crystals of the complex, C,H,OsO,,2C;H,N, separated; these were collected on a 
sintered-glass filter, washed with ether, and dried in vacuo. The yields of propene (as complex) 
were 59% from the ester (XII) and 56% from the ester (XI). The infrared spectra (in CHCl) 
of the complexes were identical with that of an authentic sample of the propene complex. 

The t-butyl alcohol solutions became brown during the reactions. On dilution with water 
and neutralisation with hydrochloric acid, brown resins, largely insoluble in benzene, were 
precipitated. Similar material was obtained from the self-condensation of acetaldehyde 
catalysed by potassium t-butoxide. 

Samples of each of the monoesters (50 mg.) in t-butyl alcohol (0-5 c.c.) were treated with n- 
potassium t-butoxide (0-25 c.c.) in a sealed tube at 26° for lhr. Vapour-phase chromatography 
gave a peak with the same retention time as propene. No other peak (apart from that of 
t-butyl alcohol) was present but this does not rule out the presence of 2,4-dimethyloxetan 
as this compound may not be easily resolved from the large excess of t-butyl alcohol. 

The monoester (0-323 g.) of m. p. 57° was added to p-bromobenzenesulphonyl chloride 
(0-26 g.) in pyridine (2-5 c.c.). After 30 hr. the product was isolated with methylene chloride 
and crystallised from isopropyl alcohol, to give the meso-diester (0-22 g.), m. p. and mixed m. p. 
144—145°. 





Half-lives of p-bromobenzenesulphonates (solutions in t-butyl alcohol added to solutions of Fe 


potassium t-butoxide in t-butyl alcohol). 


Initial concn. Initial concn. 
of ester of KOBut Half-life 
Ester (10-* mole/I.) (10-* mole/1.) Temp. (45%) (min.) 
(III) 112 396 30° 60 
(I) 118 397 30 1-5 
(I) 7-73 12-8 26 60 
(VI) 7-45 12-5 26 3 
(IX) 105 349 30 0-5 
(XI) 6-95 12-8 26 6 
(XII) 7-0 12-8 26 3 


The meso-diol (0-104 g., kindly supplied by Dr. J. Dale ’) in pyridine (2 c.c.) was added to 
p-bromobenzenesulphonyl chloride (0-562 g.) in pyridine (5 c.c.), at 20°. Isolation as before 
gave the meso-diester (1-21 g.), m. p. and mixed m. p. 144—146°. 


The authors thank the University of Manchester for a Science Research Studentship (to 
B. B. M.) and Messrs. E. S. Morton and H. Swift for microanalyses. 
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717. The Electrophoretic Mobility and Viscosity of Poly(acrylic 
Acid) and Poly(methacrylic Acid). 
By A. R. MATHIESON and J. V. McLAREN. 


The electrophoretic mobility of poly(acrylic acid) of molecular weight 
2-5 x 10° has been measured at different concentrations of polyacid and at 
four different ionic strengths over a pH range of 3—12, the boundaries used 
being those between polyacid solutions and solvent dialysed to osmotic 
equilibrium. Corresponding measurements of the solution viscosity have 
been made. The boundaries were sharp and the ascending boundary moved 
more rapidly. Polyacid concentration has little influence on the mobility, 
but this increases with ionic strength at constant pH to a maximum at ionic 
strength 0-07—0-08 and then falls. At constant ionic strengths of 0-11 
and 0-20, the mobility increases with increased pH to a limiting value for 
complete ionisation, but at lower ionic strengths the mobility has a maximum 
value around pH 7 and falls gradually for higher pH values. Mobility 
experiments at constant conductivity are also reported. From the viscosity 
experiments the Huggins constant was found to have a minimum at an 
ionic strength of 0-11. Molecular dimensions calculated from the Flory—Fox 
theory indicate that the maximum molecular extension is 3-fold. Potentio- 
metric titrations at constant ionic strength showed agreement with 
Katchalsky’s theory, but the dissociation constants decreased slightly with 
increased ionic strength. For poly(methacrylic acid) of molecular weight 
2-71 x 105, the mobility decreases with increased concentration and ionic 
strength and increases with increased pH. 


Few detailed experimental studies of the electrophoretic mobilities (u) of polyelectrolytes 
have been reported, although several theoretical treatments have been given. Qualitative 
measurements of the reversal of charge were made by Bungenberg de Jong?! and his 
collaborators in 1934—1939 on a number of polysaccharides, and viscosity has been 
correlated with mobility for sodium carrageenate,? poly-(N-ethyleneglycine),? and other 
polyampholytes,* showing that there is a minimum in the reduced viscosity (,,/c) at the 
isoelectric point. Fitzgerald and Fuoss® found very complicated behaviour for poly- 
(1-n-butyl-4-vinylpyridinium bromide) but they were able to identify the true mobility. 
Theories of polyelectrolyte solutions have been based either on the Debye—Hiickel 
approximation ® or the Donnan approximation,”® or numerical ® and analytical ! solutions 
of the Poisson—Boltzmann equation, and they have been applied to the calculation of the 
molecular extension 7-18 and the electrophoretic mobility.“7® No agreement with the 


1 Holleman and Bungenberg de Jong, Kolloid Beih., 1937, 46, 113; Teunissen and Bungenberg de 
Jong, ibid., 1939, 48,37; Bungenberg de Jong and Dekker, ibid., 1935, 43, 185, 190; Teunissen van Zyp, 
Thesis, Leyden, 1938; Bungenberg de Jong and Hartkamp, Rec. Trav. chim., 1934, 58, 622. 

* Goring, J. Colloid Sci., 1954, 9, 141. 

* Gregor, Gold, and Haeschele, J. Amer. Chem. Soc., 1955, 77, 4743. 

* Alfrey, Morawetz, Fitzgerald, and Fuoss, J. Amer. Chem. Soc., 1950, 72, 1864; Alfrey, Fuoss, 
Morawetz, and Pinner, ibid., 1952, 74, 438. 

5 Fitzgerald and Fuoss, J. Polymer Sci., 1954, 14, 329. 

* Hermans and Overbeek, Rec. Trav. chim., 1948, 67, 761. 

? Kimball, Cutler, and Samelson, J. Phys. Chem., 1952, 56, 57. 
® Osawa, Imai, and Kagawa, J. Polymer Sci., 1954, 18, 93. 

* Wall and Berkowitz, J. Chem. Phys., 1957, 26, 114. 

% Lifson, J. Chem. Phys., 1957, 27, 700, 

1 Flory, J. Chem. Phys., 1953, 21, 162. 

1 Katchalsky and Lifson, J. Polymer Sci., 1953, 11, 409. 

13 Trap and Hermans, J]. Phys. Chem., 1954, 58, 957. 

™ Hermans, J. Polymer Sci., 1955, 18, 527. 

%* Longworth and Hermans, J. Polymer Sci., 1957, 26, 47. 

%* Napjus, Thesis, Leyden, 1958. 
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molecular-extension theories was found for chitosan!” or sodium carboxymethyl- 
cellulose.4*48 Measurements of polyelectrolyte mobility correlated with viscosity and 
titration are required to establish regularities of behaviour and to test the theories further, 
As a sequel to the work on deoxyribonucleic acid,’ results for poly(acrylic acid) and 
poly(methacrylic acid) will be reported here, and for alginic acid in a further communication, 


EXPERIMENTAL 

Materials —Poly(acrylic acid) was prepared by irradiating an aqueous solution of the 
monomer, outgassed and under nitrogen, with ultraviolet light from a 250 w mercury arc for 
50 hr. The molecular weight, determined by the method of Katchalsky and Eisenberg ™ 
using diazomethane, was 2-5 x 10%. Poly(methacrylic acid) was prepared by the method of 
Arnold and Overbeek,” the Fe**—H,O, system being used as catalyst.2* The molecular weight 
was determined viscometrically by using 2N-aqueous sodium nitrate and the expression for 
poly(methylmethacrylate) : ** M = 2-42 x 105[y]***, which has been shown to be valid for 
ionised poly(methacrylic acid) in an excess of salt.***5 Salts were of ‘‘ AnalaR”’ grade, and 
water was doubly distilled in a nitrogen atmosphere, Stuart and Wormwell’s apparatus * 
being used. 

Electrophoresis.—The modified Tiselius electrophoresis apparatus manufactured by Adam 
Hilger Ltd. was used. The electrodes were 18-gauge silver spirals, prepared by dipping them 
in concentrated nitric acid, washing, and making the anode in aqueous hydrochloric acid with 
50 ma passed for 48 hr. They were kept in water and never allowed to dry. Ilford orthotone 
plates, speed group E, were used to record the boundaries with an exposure of 5 sec., and they 
were developed with a high-contrast quinol developer above 60°. For the solutions, the series 
of buffers recommended by Miller and Golder ®” were used, with added sodium chloride 
contributing most of the ionic strength. For pH 3-0 and 3-5 glycine—hydrochloric acid buffers 
were used, for pH 4-0—5-5 acetate, pH 6-0—7-5 phosphate, pH 8-0—9-0 sodium veronal, and 
pH 9-0—12-0 glycine-sodium hydroxide. For electrophoresis, solutions of polyelectrolyte of 
twice the desired concentration were mixed with equal volumes of buffer and sodium chloride 
of twice the desired ionic strength. The solutions were then dialysed in Cellophane tubes 
against the appropriate buffer-sodium chloride solution for at least 7 hr. No precipitation 
occurred during dialysis. The temperature of electrophoresis was 4° + 0-01°. 

For poly(acrylic acid) both boundaries were single and extremely sharp, the ascending 
boundaries remaining so throughout electrophoresis, but the descending boundaries became 
somewhat more diffuse though maintaining a single peak. The ascending boundary always 
moved more quickly and it seems likely that this boundary gives the true mobility. Large 3 
and e¢ boundaries were observed. For poly(methacrylic acid) both boundaries remained single 
and sharp throughout electrophoresis, the ascending boundary moving more quickly. No 
or e¢ boundaries were observed. 

Potentiometric Titration.—The cell consisted of hydrogen and silver-silver chloride electrodes 
separated by a saturated potassium chloride—agar salt bridge, and the E.M.F.’s were measured 
on a Tinsley potentiometer accurate to +0-01 unit of pH. Acid and alkali were added from 
a micrometer syringe. Katchalsky, Shavit, and Eisenberg’s method ** was used, the solution 
of polyacid of known concentration being neutralised with sodium hydroxide, and sodium 
chloride being added to bring the solution to the desired ionic strength, the polymer ions being 
taken into account. Polyacid was then brought to the same ionic strength with aqueous sodium 
chloride and titrated with the neutralised polyacid. The polysalt was also titrated with the 


17 van Duin, Thesis, Leyden, 1957. 
18 Schneider and Doty, J. Phys. Chem., 1954, 58, 762. 
1® Mathieson and McLaren, /., 1956, 303. 
2° Katchalsky and Eisenberg, J. Polymer Sci., 1951, 6, 145. 
#1 Arnold and Overbeek, Proc. Internat. Coll. Macromol., Amsterdam, 1949, p. 314. 
*2 Baxendale, Evans, and Park, Trans. Faraday Soc., 1946, 42, 155; Baxendale, Evans, and Kilham, 
Trans. Faraday Soc., 1946, 42, 668. 
3 Baxendale, Bywater, and Evans, J]. Polymer Sci., 1946, 1, 237. 
* Oth and Doty, J. Phys. Chem., 1952, 56, 43. 
*8 Flory and Osterheld, J. Phys. Chem., 1954, 58, 653. 
*6 Stuart and Wormwell, J., 1930, 85. 
Miller and Golder, Arch. Biochem., 1950, 29, 420. 
Katchalsky, Shavit, and Eisenberg, J. Polymer Sci., 1954, 18, 69. 
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yacid to the same point so that a complete titration curve was obtained. pH measurements 
for electrophoresis were made with the same apparatus. The titration cells were kept at 
25° + 0-01°. 

Fiecselty —Ontwald dilution viscometers of 30 ml. capacity were used having a minimum 
content of 3 ml., and with a high rate of shear. The viscosities were measured in the same 
buffer solutions as used for electrophoresis, at 25° + 0-01°. It was shown that the effect of 
shear was negligible for the solutions containing salt by comparing the results with deter- 
minations at very low shear gradients in the Couette viscometer described by Jordan, Mathieson, 
and Porter.*® Table 1 shows this comparison for aqueous solutions and for 0-02m-sodium 


TABLE 1. Effect of shear on reduced viscosity of poly(acrylic acid). 
Reduced viscosities (nsp/c) Reduced viscosities (sp/c) 
Aqueous soltn. of 0-02m-NaCl soltn. Aqueous soltn. of 0-02m-NaCl soltn. 
10% free acid at pH 10 10%c free acid at pH 10 
(cing./ Zero High Zero High (cing./ Zero High Zero High 
100 ml.) shear shear shear shear 100 ml.) shear shear shear shear 
80 _— — _ 5-00 544 128 54 53 
320 78 —_ — 7-20 512 128 56 56 
416 80 — — 10-00 672 131 61 60 
496 112 51 51 21-60 _— _— 77 76 


chloride solutions, the most dilute salt solutions used. The results at zero shear were obtained . 
by a short, almost linear extrapolation of the Couette results. The effect of shear is very great 
for the aqueous solutions as is to be expected, but is negligible for the 0-02m-sodium chloride 
solutions. In a more detailed study * of the effect of shear it has been shown that, for deoxy- 
ribonucleic acid of high molecular weight, 0-004m-salt was sufficient to suppress the shear 
dependence of the viscosity at low concentrations. The viscosities and mobilities reported 
here, which all refer to solutions of polyacid in salt solutions at least 0-02m, may therefore be 
interpreted on the basis of Newtanian flow. 


RESULTS FOR POoLy(ACRYLIC ACID) 

Effect of pH, Ionic Strength, and Concentration on Mobility—Two series of experiments 
were carried out in which the mobilities from the ascending and descending boundaries (py, 
and y4 respectively) were measured at different pH values and ionic strengths (J) at a single 
polyacid concentration of 0-17 g./100 ml. The agreement between the two series of experiments 
was within +0-2 x 10“ in the values of » obtained (Table 2). For a given pH, pu always in- 


TABLE 2. Reproducibility of the mobilities for poly(acrylic acid). 
(Results expressed as 10‘u, in cm. sec.“! v.~1, the two series of experiments being given as pairs of 
comparable results.) 
(a) Ascending boundaries. (b) Descending boundaries. 
Ne 5-0 6-0 ° . P , 6-0 7-0 10-0 


0-02 0-87, 0-85 , 19 
0-06 1-40,1-37 1- , \. . : ‘ \ \. , 22 
0-11 1:30,1-28 1- “ : ‘ : 5 ° ‘ F F . ° 18, — 
0-20 1-20,1-16 1- ‘ ° : : , . . . \/ . : : +10, 1-0 


creases with ionic strength to a maximum and then falls, the maximum value of p occurring at 
ionic strengths of 0-07—0-08. For a given ionic strength of 0-02 or 0-06, u rises with pH to a 
maximum at pH 7—9, then falls. For ionic strengths of 0-11 and 0-20, increase of pH causes 
only a slow rise in pw. For this high-molecular-weight polyelectrolyte then, more complex 
behaviour is found at low ionic strengths. Fig. 1 shows these results. 

In a procedure similar to that of Fitzgerald and Fuoss,® sodium hydroxide was used for 
neutralisation and aqueous sodium chloride as supernatant liquid of equal conductivity. The 
ascending boundary was always clear and sharp, developing more sharply towards the sodium 


*® Jordan, Mathieson, and Porter, J. Polymer Sci., 1956, 21, 463. 
* Mathieson and Porter, J. Polymer Sci., 1956, 21, 495. 
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chloride solution, but the descending boundary became diffuse and hardly moved down the 
cell at all. This is similar to the result for poly-(1-n-butyl-4-vinylpyridinium bromide).5 The 
ascending mobilities are given in Fig. 2, and show a linear decrease with +/J as well as the 


expected decrease with increased degree of ionisation («;). 


Fic. 1. Mobility of poly(acrylic acid). 





Fic. 2. Mobility of poly(acrylic acid) at constant 
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Experiments carried out at pH 7-0 and ionic strength 0-02 showed the effect of polyacid 
concentration to be small over the range examined (Table 3). The results do not rule outa 
very small decrease of »p with c, and it has been concluded from transport experiments that 


this should occur.** 


TABLE 3. Mobility of poly(acrylic acid) at different concentrations. 
pH = 7-0, J = 0-02. 


é {g.l100 ee are es eae 0-043 0-090 0-17 0-34 
Siti safe cclatadtiidadaninisebiiends 2-32 2-44 2-38 2-43 
ion Wai Deine sienlidllieetnaasis 1-93 2-04 1-97 2-01 


Effect of pH, Tonic Strength, and Concentration on the Viscosity.—The viscosity of 60% 
neutralised poly(acrylic acid) in aqueous solution is shown in Fig. 3. The plot of reduced 


31 Huizenger, Greiger, and Wall, J. Amer. Chem. Soc., 1950, 72, 2636. 
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viscosity against concentration is of the ascending variety characteristic of polyelectrolytes of 
very high molecular weight in aqueous solution.*® Typical results on the effect of ionic strength 
on the reduced viscosity are also given in Fig. 3 for pH 10. The reduced viscosity decreases 
with increased ionic strength and is linear in concentration for all ionic strengths studied, allowing 
limiting viscosity numbers [y] to be obtained for each ionic strength. In agreement with 
earlier results,** it was found that iso-ionic dilution did not produce a family of straight lines. 
Fig. 4 shows the limiting viscosity numbers for different ionic strengths and pH values. They 
are smaller at high ionic strength and low pH, as is to be expected, showing little change with 
pH above pH 7, and reaching a minimum value at J = 0-2 and pH 3-5 and below. The values 
for pH 3-0 and 3-5 are identical and so are those for pH 10-0 and 12-0. 


Fic. 5. Degree of ionisation of poly(acrylic acid). Fic. 6. The Huggins constant for poly- 


4or (acrylic acid). O,pH 10-0; x, pH 3-0. 
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Ionic strengths: ©, 0-02; xX, 0-06; +, 0-11; 
O, 0-20. 


Electrometric Titvation.—The results of the titrations at constant ionic strength gave a series 
of straight lines when plotted as log [(1 — «;)/a;] against pH, as found for poly(methacrylic 
acid).5 The degrees of ionisation calculated by Katchalsky, Shavit, and Eisenberg’s method *8 
for various pH values and ionic strengths are shown in Fig. 5. 


DISCUSSION FOR POLY(ACRYLIC ACID) 


Effect of Concentration on Viscosity.—Poly(acrylic acid) in salt solutions obeys the 
Huggins formula * 


Nep/¢ = [n] + R’[n]o + ..... 


and values of k’ for pH 3 and 10, corresponding to negligible and complete ionisation 
respectively, are shown in Fig. 6. At pH 10 the value of &’ falls with ionic strength to a 
minimum of 0-27 at J = 0-11 and then rises gradually. Fujita, Mitsuhashi, and Homma * 
found a minimum of 0-33 at J = 0-10 for poly(acrylic acid) of lower molecular weight 
(1:8 x 10%) at 30°. They suggested that k’ could be expressed as the sum of a hydro- 
dynamic interference term and a term due to electrostatic interaction between polyions 
and smaller ions. The initial decrease of k’ with I was considered to be due to decreased 
molecular asymmetry and reduced net charge, giving a random coil at the ionic strength 
corresponding to the minimum in ’, further increase in I producing “ hypercoiling ” and 
a tendency for the molecules to become impenetrable to solvent. The values of k’ at pH 3, 
where there is negligible ionisation, show a more gradual fall with J at first than do those 
at pH 10, in agreement with the suggestion of an electrostatic contribution, but at an 
ionic strength of about 1-0 there is a sudden large increase in k’ which thereafter changes 
little with increased ionic strength. This effect for the virtually un-ionised polyacid is 
surprising, and if the hypothesis of hypercoiling be invoked it implies a very sharp transition 
from the random coil to the impenetrable hypercoiled structure. It may be, however, that 
at this low pH incipient phase separation is occurring. 

Molecular Dimensions of Poly(acrylic Acid).—For a molecular weight of 2-5 x 108 


* Fujita, Mitsuhashi, and Homma, J. Colloid Sci., 1954, 9, 466. 
3 Huggins, J. Amer. Chem. Soc., 1942, 64, 2716. 
5z 
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there are 3-47 x 10* monomer units and so 6-94 x 10* bonds in the chain if this is linear. 
If the molecule were a random coil with free rotation, the root-mean-square end-to-end 
distance (+/7,2) would be 578 A. Using the minimum value of the limiting viscosity 
number (1-5), the Flory-Fox theory ™ gives a value for /7,2 of 1260 A, which is reasonable 
for the undissociated molecule at low pH and high ionic strength if this is a random coil 
with restricted rotation and the possibility of hypercoiling is ignored. With this limited 
encouragement the Flory—Fox theory was applied, and the molecular dimensions calculated 
by using 
[yn] = 2-1 x 107 (7*)32/M 


for various pH values and ionic strengths, expressed in terms of the molecular expansion 
factor a, = +/7*/+/7,2, where 4/7” represents the root-mean-square end-to-end distance for 
extensions beyond the minimum, are shown in Fig. 7. The theory predicts much smaller 
molecular extensions than might have been expected, the maximum predicted extension 
being just less than 3-fold, whereas the fully extended length (contour length) would be 





3 








Fic. 7. Molecular expansion factor for 
poly(acrylic acid). Ionic strengths: 
O, 0-02; x,0-06; +,0-11; [—, 0-20. 
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107,500 A representing an 85-fold increase. From light-scattering measurements Oth and 


Doty “ reported a maximum increase of 5-fold and so the predictions of the Flory—Fox 
theory are in reasonable accord with these experiments. With +/7,2 = 1260 A there are 
7300 Kuhn statistical chain elements, so Kuhn statistics are clearly applicable to this 
system, each chain element being 14-7 A in length. These calculations, which are in 
accord with similar ones on a sample of lower molecular weight,®* suggest that the Flory- 
Fox theory gives at least an approximate picture of the molecular extension, sufficient to 
make comparison with the predictions of polyelectrolyte theories. 

The frictional factor calculated from the Flory—Fox theory, with use of the Kirkwood- 
Riseman hydrodynamic treatment,* has the value of f = 5-75 x 107 per polymer molecule 
for pH 3 and ionic strength 0-2, and values for the other pH’s and ionic strengths are ob- 
tained by multiplying by the appropriate value of the expansion factor. Calculated by 
Stokes’s Law, f = 1-06 x 10 for pH 3 and ionic strength 0-2, although the Flory value of 
V/7,2 is used. 

Dissociation Constant and Charge of Poly(acrylic Acid).—Fig. 5 shows that the degree of 
ionisation is negligible at pH 3 and almost unity at pH 8, and that it increases with increased 
ionic strength. The average number of fixed charges per molecule can be calculated from 
the values of a, and the molecular weight of 2-5 x 10°, it being assumed there is one 
carboxyl group attached to each repeating unit; 34,700 is obtained when «; = 1-0. 

For poly(methacrylic acid), Katchalsky, Shavit, and Eisenberg * calculated the 
dissociation constant pK,’ from 


pH = pK,’ — log [(1 — «)/a;] + 0-4343e),/kT 


* Flory and Fox, J. Phys. Chem., 1949, 58, 197; J. Polymer Sci., 1950, 5, 745; J. Amer. Chem. Soc., 
1951, 78, 1904, 1909, 1915; Flory, “ Principles of Polymer Chemistry,’’ Cornell Univ. Press, Ithaca, New 
York, 1953. 

%§ Kirkwood and Riseman, J. Chem. Phys., 1948, 16, 565. 
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where y, is the electrostatic potential, and e and k are the electronic charge and Boltzmann 
constant respectively. They calculated ¥, from electrophoretic measurements using 
Henry’s equations ** for spheres at low degrees of ionisation, and Gorin’s equation * for 
cylinders at high degrees of ionisation. Relaxation effects, uncertain particularly for 
cylinders,** were neglected, and the results on molecular extension given here and else- 
where 1617.24 show that it is unjustified to treat the molecules as cylinders even at high 
degrees of ionisation. Nevertheless, linear plots of pH against log [(1 — «)/a;] were 
found, and a constant value of pK,’ was obtained, close to the value for the monomer. 
The results given here for poly(acrylic acid) lead to similar conclusions, pH being linear in 
log {(1 — «;)/«;], and the values of pK,’ are shown in Table 4. The appropriate monomer, 
propionic acid, has pK, = 4-87, and there is evidence of a slow fall in pK,’ with ionic 
strength from the monomer value, probably to be ascribed to the approximate nature of 
the theory from which the values of pK,’ were derived. 


TABLE 4. Dissociation constant of poly(acrylic acid). 


0-02 0-06 0-11 0-20 
4-59 4-58 4-45 


Effect of pH and Ionic Strength on Mobility.—The initial increase of » with J to the 
maximum may be due in part to the rapid fall in reduced viscosity with ionic strength over . 
this range. Beyond this point, pu falls with increased J, which is the usual result, and 
although the degree of ionisation increases this is presumably more than compensated for 
by double-layer effects and ionic association. The minimum in k’ occurs at an ionic 
strength only a little higher than the maximum inp. The rise of » with pH at higher ionic 
strengths to a constant value at complete ionisation is the expected result, but at the 
lower ionic strengths this is modified and a maximum appears in p at pH 7—9. The 
cause of this is not clear. Quantitative comparison of the mobilities and expansion factors 
with the predictions of the polyelectrolyte theories will be made in a later publication. 


RESULTS AND DISCUSSION FOR POLY(METHACRYLIC ACID) 


A few results were also obtained with a sample of poly(methacrylic acid) of much lower 
molecular weight, for comparison. The mobility decreases with increased concentration 
at pH 7 and ionic strength 0-02 (Fig. 8) as previously found by Katchalsky, Shavit, and 
Eisenberg.** It follows approximately the relation p oc I/e. The ascending mobilities 


TABLE 5. Dissociation constant of poly(methacrylic acid). 
I 0-02 0-06 0-11 0-20 
pH \ 
4-90 
4-85 
4-92 


at various pH’s and ionic strengths are shown in Fig. 9. Over the range examined, p 
decreases with J and increases with pH. This behaviour is much simpler than that of the 
high-molecular-weight poly(acrylic acid). The reduced viscosities of aqueous and 0-2m- 
sodium nitrate solutions of poly(methacrylic acid) are given in Fig. 10. The aqueous 
solution gives a concave upward curve, characteristic of polyelectrolytes of relatively low 
molecular weight.2® It may be then.that the more complex mobility behaviour of the 
poly(acrylic acid) is due to its higher molecular weight. 
* Henry, Proc. Roy. Soc., 1931, A, 188, 106. 


* Gorin, J. Chem. Phys., 1939, 7, 405. 
* Booth, Proc. Roy. Soc., 1950, A, 208, 514. 





3588 Electrophoretic Mobility and Viscosity of Poly(acrylic Acid), ete. 


Titrations of polyacid against polysalt at constant ionic strength were carried out as 
for poly(acrylic acid) at a polymer concentration of 0-124 g./100 ml. Plots of log 
[(1 — a)/a;) were again linear in pH, and dissociation constants calculated by the method 
of Katchalsky, Shavit, and Eisenberg * are given in Table 5. The average of the twelve 


Fic. 9. Ascending mobilities of poly(meth- 
acrylic acid). 





Fic. 8. Effect of concentration on the mobility of 
poly(methacrylic acid). 
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Fic. 10. Reduced viscosity of poly(methacrylic acid). 


(I), aqueous solution; (II) 0-2m-aq. NaNO, solution at 
complete ionisation. 











values of pK,’ is 4-86, while the monomer, butyric acid, has pK, 4-84. Excellent agreement 
with Katchalsky, Shavit, and Eisenberg’s theory is found here in confirmation of their 
own results. There is no trend of pK,’ with ionic strength as found for the high-molecular- 
weight poly(acrylic acid) but there is evidence of a trend of pK,’ with pH. 


We thank Drs. G. J. Howard and M. R. Porter for preparing the poly(methacrylic acid) and 
poly(acrylic acid) respectively, and the latter for some of the Couette viscosity determinations, 
the British Empire Cancer Campaign for the award of a bursary (to J. V. M.), and Imperial 
Chemical Industries for loan of apparatus. 
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718. The Hammett Acidity Function in Aqueous Nitric Acid. 
By J. G. DAwBER and P. A. H. Wyatt. 


The H, scale for nitric acid at 20° is revised and extended up to 65% with 
the usual accuracy for these measurements (c + 0-1 unit), and beyond to 100% 
less reliably, the abnormal indicator NN-dimethyl]-2,4,6-trinitroaniline 
being used to bridge a gap in the chain of normal indicators. The H, values 
are found to be related to the corresponding values for sulphuric acid at the 
same water activity by an equation involving the extent of dissociation of 
nitric acid; and the implications of the value for the pure acid (—6-3) are 
discussed. 


Tue existing figures for the Hammett acidity function, Ho, in nitric acid extend only up to 
7™m (36%) and, though recently corrected to the new scale, are based on the original visual 
colorimeter measurements by Hammett and Paul.? Using a modern ultraviolet spectro- 
photometer (Unicam S.P. 500), we have now revised the data and extended the concen- 
tration range up to 65% (~14m). Estimated H, values are also suggested for concen- 
trations between 65% and 100%, but these are less reliable since there is an important gap 
in the chain of indicators in this region of composition. Difficulties were encountered 
with many indicators at concentrations above 65%, and amongst those too rapidly 
attacked by the acid (or found to be unsuitable in other ways) were 2,4-dinitroaniline, — 
N-methyl -2,4-dinitroaniline, 4- methyl - 2,6 - dinitroaniline, 4- chloro - 2,6 - dinitroaniline, 
6-chloro-2,4-dinitroaniline, 4-nitrodiphenylamine, and 2,4-dinitrodiphenylamine. It now 
appears that perseverance with the diphenylamine indicators, along the lines described by 
Bascombe and Bell * for sulphuric acid, might have been profitable, for we observed similar 
medium effects (shifting maxima and variable extinction coefficients) at acid concen- 
trations too low for protonation to occur. Further, the indicator used in the 100% region, 
4,4'-dinitrodiphenylamine, was of this type and suffered from the same troublesome medium 
effects to some extent. Acetic acid, with a pKgq+ of —6-2, was also considered as a 
possible indicator for the pure acid region, but its absorption spectrum was completely 
obscured by that of the acid itself. 


EXPERIMENTAL 


Solutions were stored in a thermostat at 20° before transference to the spectrophotometer 
cells and, although no temperature regulator was built into the cell-housing in the spectrophoto- 
meter, the laboratory temperature rarely fluctuated from 20° by more than a degree. 

Solutions were made up by weight in graduated flasks so that both weight and volume 
compositions could easily be calculated. Indicator solutions were added by pipette or (for 
the more concentrated solutions) by an ‘‘ Agla”’ microsyringe, and optical densities were 
measured against solutions of the same composition but without the indicator. 

Materials —For the most concentrated solutions pure nitric acid was prepared, by distillation 
from a mixture of the 70% acid and concentrated sulphuric acid, and then diluted with weighed 
quantities of water. The 70%, analytical-grade acid was, however, satisfactory for preparing 
more dilute solutions, and its concentration was determined by titration. 

The indicators, apart from those specially prepared, were of B.D.H. laboratory-reagent 
quality; and those which yielded useful results were purified or prepared as follows: p- (m. p. 
148-5°) and o-nitroaniline (m. p. 71°) were recrystallised twice from water, and 4-chloro- 
2-nitroaniline (m. p. 117°) and 2,6-dichloro-4-nitroaniline (m. p. 190°) from aqueous alcohol. 

2,4-Dichloro-6-nitroaniline (m. p. 102°) was prepared by Blanksma’s method * except that 
in the last stage dry ammonia was bubbled through an alcoholic solution of dichlorodinitro- 
benzene instead of the chloro-compound’s being heated in a sealed tube with alcoholic ammonia. 


2 Paul and Long, Chem. Rev., 1957, 57, 1. 

* Hammett and Paul, J. Amer. Chem. Soc., 1934, 56, 827. 
* Bascombe and Bell, /., 1959, 1096. 

* Blanksma, Rec. Trav. chim., 1908, 27, 47. 
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NN-Dimethyl-2,4,6-trinitroaniline (m. p. 137—138°) separated on addition of an excess 
of alcoholic dimethylamine to a warm alcoholic solution of picryl chloride.’ It was twice 
recrystallised from alcohol. 

4,4’-Dinitrodiphenylamine (m. p. 213°) was prepared by a standard method * from p-bromo- 
nitrobenzene and p-nitroaniline and recrystallised five times from anhydrous alcohol. 

Results.—The experimental indicator ratios are recorded in Table 1, where the wavelengths 
at which the ratios were determined are also given. The position of maximum absorption was 
independent of concentration except in the case of 4,4’-dinitrodiphenylamine, for which the 


Dawber and Wyatt: 


TABLE 1. 


Molarity 


wt. % 


[(BH*)/(B) 


Hy 


(a) p-Nitroaniline, pK = 1-03 (cf. 0-99 *) 


0-019 
0-038 
0-057 
0-094 
0-133 
0-188 
0-189 
0-283 
0-376 
0-492 


(b) o-Nitroanil 


0-077 
0-192 
0-282 
0-382 
0-562 
0-763 
0-963 
1-14 
1-53 
1-89 
2-29 
2-66 
2-87 


ine, 


(at 383 my) 
0-206 
0-417 
0-638 
1-128 
1-743 
2-563 
2-44 
4-32 
6-25 
9-40 


1-72 
1-41 
1-23 
0-98 
0-79 
0-62 
0-64 
0-39 
0-23 
0-06 


pK = —0-28 (cf. —0-29 1) 


(at 416 my) 


0-49 0-046 


1-21 


0-135 


1-76 0-211 
2-38 0-307 


3°47 
4-71 


0-518 
0-733 


5-90 0-936 
6-94 1-222 


9-17 


11-2 
13-4 
15-5 
16-6 


1-906 
2-74 
3°79 
5-16 
5-45 


1-06 
0-59 
0-40 
0-23 
0-01 
—0-15 
—0-25 
—0-37 
— 0-56 
—0-72 
— 0-86 
—0-99 
— 1-02 


(c) 4-Chloro-2-nitroaniline, pK = —1-11 (cf. 


2 52 DH Sw > G9 00 00 0D ms 
g-esseesezseozge 
eooon — I Go bo 


co~ 


6-21 


—1-03 4) 
(at 429 mp) 
0-163 


9-22 0-297 


11-9 
14-5 
16-3 
21-6 
26-2 
26-8 
28-6 
31-6 
31-9 
36-7 
37-6 


—0-32 
—0-58 
—0-78 
—0-94 
—1-05 
—1-42 
— 1-63 
— 1-64 
—1-79 
—1-89 
—1-95 
—2:17 
— 2-28 


Molarity 


Wt. % 


[BH*)/[B} 


A, 


(d) 2,6-Dichloro-4-nitroaniline, pK = —2-55 


et ee et 

‘eed $ 4 dob 45% 

CDW RH wma 
Sonam 


-_ 
bo 
rs 


12-7 


29-7 
32-6 
33-0 
36-4 
43-2 
49-6 
54-0 
55-9 
56-2 
58-4 
58-5 


(at 370 mp) 
0-199 
0-243 
0-274 
0-425 
0-959 
2-10 
3-17 
4-59 
4-99 
6-23 
5-71 


— 3-05 
—3-21 
— 3-25 
— 3-34 
—3-31 


(e) 2,4-Dichloro-6-nitroaniline, pK = —3-30 (cf. 
“32 1) 


7-46 
8-80 
9-49 
9-81 
10-8 
11-5 
12-4 
13-2 
14-2 


38-3 
44-0 
46-8 
-- 48-1 
52-0 
54-9 
58-0 
61-0 
64-5 


(at 425 my) 
0-092 
0-188 
0-267 
0-302 
0-439 
0-670 
0-831 
1-58 
2-69 


—2-27 
—2-57 
—2-73 
—2-78 
—2-94 
~3-13 
—3-22(?) 
—3-50 
—3-73 


(f) NN-Dimethyl-2,4,6-trinitroaniline 
(at 390 my) (from H,SO,) 


16-0 
17-0 
18-0 
18-8 
21-7 


0-032 
0-063 
0-178 
1-55 
6-6 


—4.07 
—4-24 
—4-50 
—5-08(?) 
—5-54 


(g) 4,4’-Dinitrodiphenylamine, pK = —6-2 


bo to tote tote te tae 
OS eomso Pe 
Oe AWS ASH 


83-7 
85-6 
87-7 
90-5 
93-0 
94-1 
95-4 
97-5 
98-9 
99-4 


(420—396 my) 
0-051 
0-048 
0-143 
0-191 
0-216 
0-239 
0-372 
0-573 
0-850 
0-960 


ratios were calculated from the maximum optical densities in the range quoted. The pK value 
of p-nitroaniline was determined by extrapolating a graph of log ([BH*]/[B]) — log [H’] 
against the acid concentration,! and all the remaining pK values were then determined in the 
usual way be measuring the vertical distances between the curves of log ((BH*]/[B]) against 


5 Van Romburgh, Rec. Trav. chim., 1883, 2, 105. 
* Smiles and Hilditch, J., 1908, 153. 
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acid concentration for successive indicators in the ‘‘ chain.’”” Where the indicators have been 
used previously, the “ best ’’ pK values of Paul and Long ! are shown for comparison; and this 
comparison illustrates once more that the pK values of indicators are practically independent 
of the nature of the acid in which they are measured. The Hy, values in the Table were obtained 
from pK — logy. ([BH*)/[B)), except for NN-dimethyl-2,4,6-trinitroaniline, where they were 
assigned at each point from the known H, value at that concentration of sulphuric acid which 
gives the same colour ratio for this indicator as the nitric acid solution in question. It is well 
known that this particular indicator behaves anomalously in both sulphuric acid—water 7? and 
sulphuric acid—acetic acid,* and in nitric acid it shows the same kind of anomaly, the indicator 
ratio varying much more rapidly with concentration than would be expected. Nevertheless, 
there is such a serious gap in the normal indicators in this region that the above procedure has 
been adopted in an attempt to bridge it. The important assumption underlying this procedure, 
that the changes in colour ratio for this indicator, though anomalous, are still principally 
determined by Hy, may well be invalid; but it is given some support by the fact that the values 
of the logarithm of the colour ratio in sulphuric acid—water 7 and sulphuric acid—acetic acid ® 
lie almost on a common curve when plotted against Hy as determined by normal indicators. 
Further, the data for other acids would not lead us to expect violent changes in the H, 
dependence upon concentration in the 65—85% region of nitric acid; and the Hy values deter- 
mined by using NN-dimethyl-2,4,6-trinitroaniline (apart from one unexplained value) lie on a 
smooth extension of the curve for points below 65% and permit an estimate to be made of the 
relative position of the 84—100% section of the curve. 

Up to 5m the new values are about 0-1 unit more negative than the old, but this gap widens | 
to 0-2 unit by 7M. The new scale is summarised in Table 2. 


TABLE 2. H, scale for nitric acid (20°). 

Wt. % Molarity H, Wt. % # Molarity Hy, Wt.% Molarity Hy 
0-32 +0-33 5-62 —1-85 15-7 — 3-99 
0-65 —0-08 6-75 —2-10 17-1 — 4-30 
0-97 —0-29 7-92 — 2-36 18-5 —4-62 
1-32 — 0-46 9-13 2-62 19-8 —4-96 
1-68 —0-64 10-4 — 2-88 21-2 —5-31 
2-58 —0-97 11-7 —3-13 22-5 —5-75 
3-55 — 1-28 13-0 —3-42 24-0 —6-3 
4-56 — 1-57 14:3 | —3-72 


DISCUSSION 


Although the Hammett acidity function has mainly been used empirically in 
kinetic investigations, some attention has been given to the significance of this quantity 
in the interpretation of the constitution of acid solutions. Two recent papers *! have 
shown that the large H, changes in concentrated solutions of strong acids are consistent 
with the hypothesis that the H,O* ion is heavily hydrated in aqueous solution; and in 
one of these !° it was shown that H, is a common function of the water activity for com- 
pletely dissociated acids, as would be expected from the hydration hypothesis. The 
difference between H, for a weak acid and that for a fully dissociated acid at the same 


water activity was also deduced ™ to be related to «, the extent of dissociation of the weak 
acid, by the equation: 


(Hg)wear — (Ho)strong = logyg {(1 + «)/2a} . . . « .« (I) 


but lack of information about the extents of dissociation in concentrated solutions of those 
weaker acids for which H, data were available (hydrofluoric and phosphoric) hampered an 
attempt to test this relation adequately. Nitric acid is of particular interest in this 
respect, however, for not only has tle constitution of its aqueous solutions been discussed 
’ Hammett and Deyrup, J. Amer. Chem. Soc., 1932, 54, 2721. 
* Hall and Spengeman, J. Amer. Chem. Soc., 1940, 62, 2487. 


® Bascombe and Bell, Discuss. Faraday Soc., 1957, 24, 158. 
Wyatt, Discuss. Faraday Soc., 1957, 24, 162. 
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in detail, but also its extent of dissociation has been accurately determined over the 
whole concentration range by Raman spectroscopy." 

The results of calculating H, from eqn. (1) are shown in the penultimate column of 
Table 3. These figures were arrived at by the following steps: (i) the « value at the given 
concentration of nitric acid was measured off on the graph given by Young, Maranville, 
and Smith; ™ (ii) the ag,o at this concentration was calculated from the vapour-pressure 
data of Vandoni and Laudy; } (iii) the sulphuric acid concentration at which ay, was the 
same was interpolated from the data of Glueckauf and Kitt; 1 (iv) H, for sulphuric acid 
at this concentration was found in the table of Paul and Long; ? (v) H, for nitric acid was 


TABLE 3. Test of eqn. (1). 
H,(HNO,) Hy (HNO,) 
calc. obs. 


Wt. % Molarity al @u,0%  H,(H,SO,)™1 
30 5-62 0-77 0-724 —1-85 —1-79 —1-85 
35 6-75 0-73 0-645 —2-12 —2-05 —2-10 
40 7-92 0-62 0-581 —2-35 —2-23 —2-36 
45 9-13 0-56 0-485 —2-75 —2-61 —2-62 
50 10-4 0-47 0-404 —3-13 —2-93 —2-88 
55 11-7 0-39 0-336 —3-46 —3-21 —3-13 
60 13-0 0-30 0-265 —3-84 —3-50 —3-42 
65 143 0-23 0-199 —4-24 —3-81 —3-72 
70 15-7 0-16 0-142 —4-62 —4-06 —3-99 
15 17-1 0-11 0-0913 —5-09 —4-39 —4-30 


calculated from eqn. (1). Considering the chain of experimental data, the agreement 
between the calculated and the observed H, values is surprisingly good. The assumptions 
involved in the derivation of eqn. (1) are that the most important contributions to the 
deviations from ideality in these solutions can be treated chemically, and that the equili- 
brium constants for the hydration reactions of H,O* are the same in all acid solutions. 
Whilst a general drift of activity coefficients in the same direction could introduce com- 
pensations so that eqn. (1) may be obeyed rather better than these assumptions justify, 
there does seem to be some significance in this good agreement obtained for nitric acid. 

Eqn. (1) was actually derived for an acid HA dissociating into the (hydrated) ions H,0* 
and A~-, whilst many investigators now believe ™™ that nitric acid exists mainly in 
hydrated form in concentrated solutions. It is therefore necessary to show that hydration 
of the undissociated acid has no effect upon the form of eqn. (1). This follows from the 
fact that g, defined as the total number of moles of all species present per analytical mole 
of acid in the solution,” is effectively calculated from the mole fraction of “ free water ”’ 
in the solution, viz., (g — 1 — «)/g, by setting the latter equal to the water activity, agp. 
The undissociated acid is already counted with the ions in the (1 + «) moles which are not 
water, and the question whether or not this acid is hydrated does not affect this number: 
it does of course affect g, but that is automatically allowed for by relating g to ay,o as 
above and not trying to calculate it expressly. The argument by which eqn. (1) was 
derived in ref. 10 therefore remains unaffected. 

A slightly different approach from that described here has recently been adopted by 
Bascombe and Bell,? who have been able to calculate H, values for nitric acid up to 6-74M 
from the Raman dissociation data. They adopt the H*(H,O), model for the proton, and 
this restricts the treatment to concentrations below about 9 molar (45%) nitric acid, above 
which there would be insufficient water to form this ion completely. Nevertheless the 
two treatments are in effect very similar in the region in which they overlap.% 

11 Young, Maranville, and Smith, “‘ The Structure of Electrolytic Solutions,” ed. Hamer, Wiley, New 
York, 1959, Chap. 4. 

12 Vandoni and Laudy, J. Chim. physique, 1952, 49, 99. 

18 Glueckauf and Kitt, Trans. Faraday Soc., 1956, 52, 1074. 


™ Chédin, J. Chim. physique, 1952, 49, 109. 
‘8 Wyatt, Discuss. Faraday Soc., 1957, 24, 235. 
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The H, value (—6-3) estimated for pure nitric acid shows that this solvent is, as 
expected, considerably less acidic than sulphuric acid (with Hy —11-12%"). Nevertheless 
it is acidic enough for acetic acid (pKy_+ — 6-2 4) to be approximately one-half protonated, 
and for water also to be protonated to a considerable extent; for the pKgq+ for H,O* has 
(implicitly) been estimated as —6-78 ¥” or as —5-1 (both corrected to the Paul and Long 
scale 1), according to the theory adopted to describe the constitution of sulphuric acid 
solutions. Therefore, notwithstanding the current solvation theories, ™ it seems 
probable that the protonated forms of both water and acetic acid are more important near 
the composition of pure nitric acid than is sometimes supposed; for the solvates would 
have to be very stable to compete with protonation of the free bases. 


We thank Drs. J. A. Leisten and J. M. Tedder for suggestions regarding possible indicators 
(not all of which have been mentioned), and the University of Sheffield for the award of a 
postgraduate scholarship to J. G. D. 
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16 Brand, Horning, and Thornley, J., 1952, 1374. 
17 Deno and Taft, J. Amer. Chem. Soc., 1954, 76, 244. 





719. The Structure of Alphitonin. 
By A. J. Brrcn, E. Ritcute, and R. N. SPEAKE. 


Reduction of alphitonin pentamethyl ether with sodium in liquid am- 
monia removes a methoxyl group and gives the benzylcoumaranone (I) with 
potassamide in ammonia; this product affords the chalcone (II) but the 
alphitonin ether affords the amide (VI). Alphitonin therefore has the 
structure (V; R = H), a deduction confirmed by the synthesis of the ether 
(V; R= Me). The wood of Alphitonia excelsa also contains the triterpene 
emmolic acid. 


A SUBSTANCE, now named alphitonin, was extracted by Read and Smith ! from the heart- 
wood of the Australian “ red ash’ (Alphitonia excelsa). Industrially, advantage has been 
taken of its presence to stain the wood brown by painting it with alkali. 

The substance was reported! to be optically inactive, to crystallise from water, to 
give a purple ferric test, to form crystalline potassium and ammonium salts, and thus 
to be a phenol. It was thought to be a glycoside since an ‘‘ osazone ” was obtained after 
acid-treatment. 

We had at first some difficulty in purifying alphitonin but satisfactory modifications of 
the original method were found. The state of purity is difficult to determine in view of 
the indefinite m. p. and we were unable to obtain the crystalline acetyl derivative reported. 
A gummy product obtained by acetylation gave infrared bands corresponding to both 
aliphatic and aromatic ester groups. No sugar could be detected after acid-treatment, and 
the substance itself gave with phenylhydrazine a rather indefinite yellow product that 
could have been mistaken for an osazone. Degradation with 50% aqueous potassium 
hydroxide gave protocatechuic acid, detected by paper chromatography. No further 
information could be obtained directly from alphitonin itself, so we turned to the more 
stable and highly crystalline pentamethy] ether. 

Alphitonin could not be fully methylated with diazomethane, but gave a good yield of 
a pentamethyl ether, C,,H,,O,, under the action of dimethyl sulphate and potassium 
carbonate in acetone at room temperature. The formula was confirmed by bromine 
analysis of the dibromo-derivative, C.)H,s0,Br,. Alphitonin should therefore have the 
formula C,,H,,0,, in reasonable agreement with direct analyses on the thoroughly 

* Read and Smith, J. Proc. Roy. Soc. New South Wales, 1922, 56, 253. 
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dehydrated substance.1_ The pentamethyl ether gave no infrared hydroxyl band but an 
intense carbonyl peak at 1710 cm.+. The oxygen atom unaccounted for is, therefore, 
probably in a cyclic ether linkage to account for the analysis and the absence of methoxy] 
groups from alphitonin. The pentamethyl ether does not give a hydroxymethylene 
derivative, and therefore probably lacks a methylene group adjacent to the carbonyl 
group; the carbonyl group is also sterically hindered since the pentamethyl ether reacts 
with hydroxylamine only under vigorous conditions to form an oxime and is reduced only 
slowly by sodium borohydride. 

Ultraviolet spectra suggest the presence of an acylphenol or related group; and, since 
the pentamethyl ether has a carbonyl band at vmx, 1710 cm.", the carbonyl group is 
probably in a five-membered ring and adjacent to the aromatic ring. Alphitonin showed 
none of the colour reactions characteristic of flavanones. 

Alphitonin pentamethyl ether was only slowly oxidised by potassium permanganate, 
then giving veratric acid. Oxidation with chromic acid in acetic acid gave a small yield 
of a quinone C,,H,,O0, containing four methoxyl groups, probably of structure (I) although 
this could not be assigned initially. No other useful products were obtained by oxidation. 

Reduction of alphitonin pentamethyl ether with about three equivalents of sodium in 
liquid ammonia gave a good yield of a substance C,gH,,O, containing four methoxyl 
groups. The infrared spectrum was very similar to that of the starting material, and the 
reaction clearly involved the reductive removal of methoxyl. This substance was shown 
to be the benzylcoumaranone (II) by treatment with potassamide in liquid ammonia, 
which resulted in the chalcone (III), CjgH,,0,, recognised by its spectrum and general 
properties. Synthesis by standard routes and direct comparison confirmed the structure 
(III). The structure (II) was confirmed by direct comparison with an authentic specimen 
obtained by the sequence: 2’-hydroxy-3,4,4’,6’-tetramethoxychalcone (+ alkaline 
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hydrogen peroxide) —» 3’,4’,4,6-tetramethoxyaurone (+ hydrogenation) —» (Il). 
Before the structure of the chalcone (III) had been established ozonisation had been found 
to give veratric aldehyde and, as 2,4-dinitrophenylhydrazone, a substance C,9H,,0;; on 
the above allocations the latter can be represented by formula (IV). 

There remained only to determine the position of the last oxygen atom, present in 
alphitonin as aliphatic hydroxyl and in the pentamethyl ether as methoxyl. The ready 
methylation indicated the 2-position (cf. V; R =H or Me), but then alphitonin penta- 
methyl ether would be a ketal, and no evidence could be found for this by acid-treatment. 
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As noted above, however, alphitonin itself gives what seems to be an osazone. The 
course of the sodium—ammonia reduction could be explained by the presence of a 2- or an 
a-methoxyl group, although again the former is more likely since its removal would be 
greatly facilitated by the adjacent carbonyl group. Neither alphitonin nor its methyl 
ether is optically active, which also favours the 2-position, the biogenetic precursor 
probably being an inactive «-diketone. 

The correctness of the 2-position was confirmed by an interesting reaction which may 
have wider applications. With potassamide in liquid ammonia alphitonin pentamethyl 
ether gave a neutral substance, C,,H,,0,N, in good yield. This was shown to be an amide 
by means of its infrared spectrum and by hydrolysis to an acid, Cj,H,4O;, reconverted into 
the amide by diazomethane followed by ammonia. Reduction of the acid with 
sodium in liquid ammonia yielded 8-3,4-dimethoxyphenylpropionic acid. The structure 
of the amide is, therefore, probably (VI), which is supported also by the ultraviolet 
spectrum, by the ready hydrogenation, and by ozonolysis to veratraldehyde and methyl 
oxamate. A surprising feature is the stability of the enol-ether grouping in the amide and 
in the acid to 4n-hydrochloric acid. 

There is little doubt, therefore, that alphitonin is correctly represented as (V; R = H). 
The only other possibility would have been that alphitonin is (-+-)-taxifolin, which has 
rearranged during methylation, but this is ruled out by the failure of alphitonin to give 
flavanone colour reactions, by a melting-point depression with (-+-)-taxifolin, and by non- 
identity of infrared spectra of the two. Alphitonin pentamethyl ether has, in fact, been 
obtained as a by-product during methylation of (-+-)-taxifolin but only under more drastic 
conditions than were used in the present methylation. 

The fission of alphitonin pentamethyl ether to give the amide (VI) is related to the 
Haller—Bauer reaction * in which a non-enolisable ketone is converted into an amide and a 
hydrocarbon by the action of sodamide in boiling benzene or toluene. The reaction has 
apparently not been observed before in liquid ammonia at —33°. The mechanism is as 
shown in the formule. In a model reaction, 2’,3,4,4’,6’-pentamethoxychalcone was found 
to give 3,4-dimethoxycinnamamide. The presence of ether-oxygen atoms adjacent to 
the carbon developing the anionic charge is a favourable feature * which probably explains 
the ease of the reaction. 

The action of only about two equivalents of potassamide in ammonia on alphitonin 
pentamethyl ether produced a neutral crystalline substance, C,)H,,0,N, which formaily 
represents the addition of a molecule of ammonia. It was not further investigated. 

The structure of alphitonin pentamethyl ether was finally confirmed by its synthesis, 
the method used being that developed by Enebick and Gripenberg.® Veratraldehyde was 
condensed with 2-hydroxy-,4,6-trimethoxyacetophenone ®’ to give 2’-hydroxy-«,3,4,4’,6’- 
pentamethoxychalcone. This was cyclised by alkali® to alphitonin pentamethyl ether, 
shown to be identical with the substance obtained from alphitonin by a mixed melting point 
and infrared spectra. Cyclisation with acid produced, not only the pentamethyl ether, 
but also the tetramethyl ether previously described ? as 3-hydroxy-5,7,3’,4’-tetramethoxy- 
flavanone. 

Another substance isolated from the wood of A. excelsa was identified as emmolic acid 
(a triterpene dicarboxylic acid first obtained® from the wood of Emmenospermum 
alphitonioides F. v. Muell.) by ‘the melting points, mixed melting points, rotations, and 
infrared spectra (in Nujol) of the acid and its methyl ester and methyl ester acetate. The 
comparisons were made by Dr. J. J. H. Simes. 


* Hergert, Coad, and Logan, J. Org. Chem., 1956, 21, 304. 

* Haller and Bauer, Ann. Chim. (Frdnce), 1914, 1, 5. 

* Cf. Birch, Quart. Rev., 1950, 4, 74. 

5 Enebeck and Gripenberg, Acta Chem. Scand., 1957, 11, 866. 

* Row and Seshadri, Proc. Indian Acad. Sci., 1946, 28, A, 23. 

? Kimura, J. Pharm. Soc. Japan, 1938, 58, 415. 

* Boyer, Eade, Locksley, and Simes, Austral. J. Chem., 1958, 11, 236. 
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EXPERIMENTAL 


Isolation of Alphitonin.—Shavings of the wood of Alphitonia excelsa (2-7 kg.) were covered 
with ethanol at room temperature for several days and then the extract was run off. Evapor- 
ation at room temperature gave a reddish-brown friable solid (135 g.). Repetition of the 
process afforded an additional amount (31 g.). The total powdered solid was extracted with 
boiling ether (5 x 1500 c.c.), yielding extract ‘‘ E”’ and residue “ R” (105 g.). 

The extract ‘“‘E”’ was concentrated to about 2 1. and shaken with 5% aqueous sodium 
hydrogen carbonate (5 x 200 c.c.), each aqueous extract being washed once with ether which 
was returned to the original ether solution. The final ether solution contained triterpene acids 
and was reserved. The combined dark aqueous extracts were acidified, but no precipitate 
appeared. After saturation with salt, the solution was extracted with ether, and the extracts 
were dried and evaporated to yield crude alphitonin as dark reddish-brown crystals (35 g.) 
which tenaciously retained ether. 

This material was difficult to purify. It was dissolved in hot water (250 c.c.), salt (80 g.) 
was added, and the dark cloudy solution was kept overnight. After filtration from a black tar, 
the solution was extracted with ether (3 x 100c.c.), and the combined extracts were re-extracted 
with 5% aqueous sodium hydrogen carbonate (5 x 100 c.c.). The product (25 g.) recovered 
from the aqueous extracts by acidification, saturation with salt, and extraction with ether 
was reddish-brown and was purified further by either of two procedures. Repeated crystallis- 
ation from concentrated aqueous solution at 0°, a slow process not appreciably hastened by 
seeding and scratching, eventually gave nearly colourless crystals, m. p. 221—223° (11 g,). 
Alternatively the crude material was dried at 110°, ground, and shaken with dry ether 
(4 x 150 c.c.), the dark ethereal extract being discarded. The residue then crystallised fairly 
readily from concentrated aqueous solution. Two further recrystallisations from water gave 
colourless crystals, m. p. 222—223° (10-5 g.). Although alphitonin is readily extracted from 
aqueous solution by ether, the dried material is almost insoluble, or at least very slowly soluble, 
in dry ether. 

Purification of the crude material by precipitation of its potassium salt from ethanolic 
solution could also be accomplished, but with much loss. 

The residue “‘ R”’ was exhaustively extracted with ethyl acetate. The insoluble material 
(41 g.) appeared to consist largely of tannins and no pure substance was isolated. Evaporation 
of the ethyl acetate extract yielded reddish-brown crystals (62 g:) which were dissolved in water 
(500 c.c.). After being nearly saturated with salt, the solution was kept overnight, then filtered 
from tar, and the product was extracted with ether and recrystallised three times from water. 
By re-working of mother-liquors this fraction yielded alphitonin as nearly colourless crystals 
(42-5 g.), m. p. 225—226°. The total yield of alphitonin was 2%. 

When its aqueous solution was left to evaporate at room temperature, alphitonin was 
obtained as colourless plates. 

Isolation of Emmolic Acid.—The ether extract (see above), after being washed with sodium 
hydrogen carbonate solution to remove alphitonin, was extracted with 5% aqueous sodium 
carbonate (5 x 200 c.c.), each extract being washed with ether as above. The reddish- 
brown aqueous solution was acidified and the precipitate removed with ether. On evaporation 
of the solvent a mixture (about 12 g.) of crystals and jelly was obtained which was difficult 
to dry. 

The material was dissolved in warm 2% aqueous potassium carbonate, the solution treated 
with charcoal, filtered, washed with ether, and acidified, and the product extracted with ether. 
The residue obtained on evaporation of the ether was dissolved in hot acetic acid (400 c.c.), 
and hot water (400 c.c.) was added. After cooling, the crystalline precipitate was collected 
and dried. Recrystallisation from methanol (charcoal) gave colourless needles (3-3 g.), m. p. 
337—339° (decomp.), [a],,1* + 37° (c 1-78 in EtOH) (Found: C, 74-3; H, 9-5. Calc. for CygH4,9;: 
C, 74-0; H, 95%). It was undepressed in m. p. by authentic emmolic acid, m. p. 337—339°, 
[a], +38°. 

” Much material remained in the methanolic mother-liquors, but was difficult to purify by 
direct crystallisation. The pure dimethyl ester was readily obtained from it or from the original 
crude acid. The crude acid (as first obtained; 12 g.), in methanol-ether, was treated with an 
excess of ethereal diazomethane, and the mixture was evaporated. The residue was taken up 
in benzene, washed with aqueous sodium carbonate and water, dried, and passed through a 
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short column of alumina. The eluates were evaporated. The residue crystallised from 
methanol, yielding colourless plates (8-5 g.), m. p. 216—218° raised by further purification to 
218—220°, [a],7* +45° (c 1-36 in CHCI,) (Found: C, 74-7; H, 9-9; OMe, 12-0. Calc. for 
Cop 500 : C, 74:7; H, 9-8; 30Me, 12-1%). It was undepressed in m. p. by an authentic 
specimen, m. p. 223—224°, [a], +44-5°. The same substance was obtained from the purified 
acid. 

The dimethyl ester acetate was obtained by heating the ester with acetic anhydride and 

pyridine on the water-bath for 4 hr. It crystallised from methanol in needles, m. p. 159°, 
{aj,1* +29° (c 0-79 in CHCI,) (Found: C, 73-4; H, 9-6. Calc. for C;,H,.0,: C, 73:3; H, 9-4%). 
It was undepressed in m. p. by an authentic specimen, m. p. 167—168°, {a],, +28°, which is a 
second crystalline form. 

Reactions of Alphitonin.—(i) Acetylation. The compound, crystallised from hot water, had 
m. p. 219—220° (darkens 200°), « 0 in concentrated acetone solution. Various acetylation 
techniques were tried, but gums resulted. One product had v,,, 1765 and 1715 cm.* (liquid 
film). 

a Alkaline fission. A solution of alphitonin (2 mg.) in 60% aqeous potassium hydroxide 
(1 c.c.) was refluxed for 5 min., acidified with 10N-hydrochloric acid, and extracted with 
ether. A few drops of ether solution were applied to Whatman No. 1 paper; development 
with butan-l-ol-water showed protocatechuic acid, detected by spraying with diazotised 
p-nitroaniline and overspraying with aqueous sodium carbonate. 

Alphitonin Pentamethyl Ether.—Alphitonin (100 mg.), dimethyl sulphate (0-6 c.c.), and 
potassium carbonate (1 g.) were left in acetone (5 c.c.) at about 20° for 10 days with occasional 
shaking. After evaporation the organic material was extracted with ethyl acetate, and the 
product chromatographed on deactivated alumina, to give a pale green gum which crystallised 
from ethanol as colourless prisms (95 mg.), m. p. 119—120° (Found: C, 64:3; H, 6-05; OMe, 
41-15. Calc. for C.9H,.0O,: C, 64-2; H, 5-9; 50Me, 41-4%), Amin, 248 (log ¢ 3-08), Amax, 290 mu 

log ¢ 4-31). 

: iN 10% solution of bromine in carbon tetrachloride was slowly added to the ether (100 mg.) 
in carbon tetrachloride (4 c.c.) until the colour persisted for about a minute. Worked up as 
usual, dibvomoalphitonin pentamethyl ether formed colourless crystals (105 mg.), m. p. 187° (from 
methanol). Recrystallisation from methanol-chloroform raised the m. p. to 193—194° (Found: 
C, 44-75; H, 3-5; Br, 30-6; OMe, 28-5. C, 9H,,.O0,Br, requires C, 45-1; H, 3-75; Br, 30-1; 
50Me, 29-1%). 

Alphitonin pentamethyl ether (50 mg.) in acetic acid (2 c.c.) containing 10% of concentrated 
nitric acid was left overnight. Worked up as usual, nitroalphitonin pentamethyl ether crystallised 
from methanol—benzene as pale yellow prisms (38 mg.), m. p. 167° (Found: C, 57-7; H, 5-2; 
N, 3°75; OMe, 34-1. C.9H,,O,N requires C, 57-3; H, 5-05; N, 3-3; 5OMe, 36-9%). 

Alphitonin pentamethyl ether was heated on the steam-bath with an equal weight of 
hydroxylamine hydrochloride in pyridine for 10 hr. Isolated as usual and crystallised from 
ethyl acetate—methanol, alphitonin peniamethyl ether oxime had m. p. 224° (Found: C, 61-3; 
H, 6-1; N, 3-5. CygH,,0,N requires C, 61-7; H, 5-95; N, 3-6%). 

Oxidation of Alphitonin Pentamethyi Ether.—(i) With chromic acid. To alphitonin penta- 
methyl ether (400 mg.) in acetic acid (10 c.c.), powdered chromium trioxide (1 g.) was added with 
stirring during 30 min. After 3 hr. the mixture was added to water and extracted with ether, 
and the ether washed with sodium carbonate solution. Evaporation, and addition of methanol, 
gave pale yellow (?) 4,7-dihydvo-2-(3,4-dimethoxybenzyl)-2,6-dimethoxycoumaran-3,4,7-trione, 
m. p. 200° (decomp.) (Found: C, 60-1; H, 5-35; OMe, 32-8. C,,H,,O, requires C, 61-0; H, 
4-85; 40Me, 33-1%). 

(ii) With potassium permanganate. Finely powdered alphitonin pentamethyl ether (100 mg.) 
and excess ot potassium permanganate in 1% aqueous sodium carbonate were refluxed for 2 hr. 
From the aqueous solution a small amount of veratric acid was obtained; purified by sublim- 
ation and crystallisation from benzene, it had m. p. and mixed m. p. 182°. 

Reduction of Alphitonin Pentamethyl Ether —The pentamethyl ether (500 mg.) in ethylene 
glycol dimethyl ether (8 c.c.) was added to liquid ammonia (30 c.c.). Sodium (80 mg.) was 
added in small pieces. After 5 min., water (1 c.c.) was added and the ammonia evaporated. 
The organic product was taken up in ethyl acetate and washed with 2% aqueous 
sodium hydroxide to remove phenolic material. The 2-benzyl-3’,4’,4,6-tetramethoxycoumaran- 
3-one crystallised from methanol as colourless needles (350 mg.), m. p. 125—127°, raised by 
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recrystallisation from ethanol to 127—128° (Found: C, 65-8; H, 5-85; OMe, 35-6. Calc. for 
CygH.0,: C, 66-3; H, 5-85; 40Me, 35-95%), Amin. 248 (log ¢ 3-36), Amax. 282 muy (log € 4-38). 

This coumaranone (100 mg.) in ethylene glycol dimethyl ether (10 c.c.) was added to 
a solution of potassamide (from 250 mg. of potassium) in liquid ammonia. After 10 min,, 
ethanol (9-5 c.c.) and water (2 c.c.) were added, and the mixture was evaporated, acidified, 
and extracted with ethyl acetate. Crystallisation from methanol gave 2’-hydroxy-3,4,4’ 6’- 
tetramethoxychalcone as yellow plates (60 mg.), m. p. 150° (Found: C, 65-8; H, 5-9; OMe, 
35-7. Calc. for C,,H,,O,: C, 66-3; H, 5-85; 40Me, 35-9%). 

Ozonolysis of the chalcone in ethyl acetate at 0° until the yellow colour had disappeared, 
reduction of the ozonide with zinc dust, and addition of the solution to Brady’s reagent gave 
mixed 2,4-dinitrophenylhydrazones. The more soluble derivative was extracted with boiling 
benzene, chromatographed in chloroform on deactivated alumina, and crystallised from 
chloroform-ethyl acetate. It proved to be veratraldehyde 2,4-dinitrophenylhydrazone, m. p, 
and mixed m. p. 264°, with the correct infrared spectrum. 

The benzene-insoluble derivative was soluble in sodium hydroxide solution and was purified 
by crystallisation from acetone as bright red needles, m. p. 232°. It is probably 2-hydroxy-4,6- 
dimethoxyphenylglyoxal 2,4-dinitrophenylhydrazone (Found: C, 48-9; H, 3-85; N, 14-66. 
CygH,,O,N, requires C, 49-23; H, 3-6; N, 14-4%). 

The above chalcone was synthesised in the usual manner ® from phloracetophenone 2,4-di- 
methyl ether and veratraldehyde, m. p. 156°, undepressed by the substance above and identical 
in infrared spectrum. It was converted in the usual way by 1% ethanolic hydrochloric acid ® 
into 3’,4’,5,7-tetramethoxyflavanone,” m. p. 161°, which gave the characteristic red colour 
with magnesium and hydrochloric acid in ethanol, unlike the isomeric compound obtained 
above by the reduction of alphitonin pentamethyl ether. 

2-Benzyl-3’ ,4’,4,6-tetramethoxycoumaran-3-one.—This was synthesised (cf. Gripenberg 1%) by 
preparing the benzylidenecoumaronone from the chalcone above and hydrogenating it with 
hydrogen in the presence of Adams catalyst. The product,,.m. p. 127—128°, was identified as 
the reductior product of alphitonin pentamethyl ether above by mixed m. p. and identity of 
infrared spectra. *- 

Action of Potassamide in Liquid Ammonia on Alphitonin Pentamethyl Ether.—(i) A solution of 
alphitonin pentamethyl ether (500 mg.) in ethylene glycol dimethyl ether (8 c.c.) was added to 
potassamide (from 100 mg. of potassium) in liquid ammonia. After 15 min. ethanol (1 c.c.) and 
water (2 c.c.) were added and the ammonia was evaporated off. Extraction with ethyl acetate 
gave a pale yellow oil which crystallised from ethanol as colourless needles (330 mg.), m. p. 148°; 
this substance had vmp,x 3420, 3180, and 1685 cm. (in Nujol) (Found: C, 61-25; H, 6-55; N, 
3-6; OMe, 39-05. C, 9H,,;O,N requires C, 61-4; H, 6-4; N, 3-6; 50Me, 39-55%). 

(ii) When more potassamide (from 500 mg. of potassium) was used, the product (240 mg.) 
crystallised from ethyl acetate as colourless prisms, m. p. 169°. The reactions below show it to 
be «,3,4-trimethoxycinnamamide (Found: C, 61-1; H, 6-4; N, 6-9; OMe, 38-45. C,,H,,0,N 
requires C, 60-75; H, 6-4; N, 5-9; 30Me, 39-15%); it had v,,, 3330, 3170, and 1607 cm.* 
(in Nujol) and Amax, 291 (log « 4-34) and 313 my (log ¢ 4-34). 

The amide (100 mg.) was refluxed in 10% ethanolic potassium hydroxide (5 c.c.) for 2 hr. 
Acidification and extraction with ethyl acetate gave a,3,4-trimethoxycinnamic acid (65 mg.), 
m. p. 156—158° (from benzene) (Found: C, 60-35; H, 5-85; OMe, 38-15%; equiv, 
232. C,,H,,O,; requires C, 60-5; H, 5-9; 30Me, 39:0%; equiv., 238). Esterification with 
diazomethane and reaction with aqueous ammonia regenerated the amide, m. p. and mixed 
m. p. 169°. 

«,3,4-Trimethoxycinnamic acid (60 mg.) in ethylene glycol dimethyl ether (6 c.c.) was added 
to liquid ammonia (20 c.c.), and sodium (30 mg.) added, followed by solid ammonium chloride. 
Evaporation of the ammonia, acidification, and extraction with ether gave an oil that 
crystallised with some difficulty from benzene-light petroleum (b. p. 60—80°) to give needles of 
8-(3,4-dimethoxyphenyl)propionic acid (15 mg.), m. p. and mixed m. p. 98—99°, with the 
correct infrared spectrum. 

«,3,4-Trimethoxycinnamafnide (50 mg.) in ethyl acetate (5 c.c.) was hydrogenated in the 


* Cf. Geissman and Clinton, J. Amer. Chem. Soc., 1946, 68, 697. 
1© Geissman and Fukushima, ]. Amer. Chem. Soc., 1948, 70, 1686. 
1. Pew, J. Amer. Chem. Soc., 1948, 70, 3031. 

12 Gripenberg, Acta Chem. Scand., 1953, 11, 1323. 
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presence of palladium-charcoal. Worked up as usual, the product was §-3,4-dimethoxyphenyl- 
a-methoxypropionic acid, m. p. 112° [from benzene-light petroleum (b. p. 60—80°)] (Found: 
C, 60-1; H, 6-8. C,,H,,O,N requires C, 60-2; H, 7-2%). 

Ozonolysis of «,3,4-Trimethoxycinnamamide.—The amide (50 mg.) in ethyl acetate (3 c.c.) 
and chloroform (3 c.c.) was ozonised at 0° for 10 min.; zinc dust (100 mg.), water (0-5 c.c.), and 
acetic acid (0-5 c.c.) were added, and the whole was shaken at room temperature for 15 min. and 
left fora further 30 min. After filtration and evaporation, the residue was extracted with ether 
and with acetone, and the combined extracts were evaporated. The semisolid residue was 
divided into fraction (A) soluble in light petroleum (b. p. 60—80°) and (B) an insoluble residue. 
Fraction B was repeatedly crystallised from benzene, to give colourless needles, m. p. 122—123°, 
identified as methyl oxamate by mixed m. p. and by means of its infrared spectrum. Fraction A 
gave a dark red 2,4-dinitrophenylhydrazone (purified by chromatography on deactivated 
alumina and crystallisation from ethyl acetate—chloroform), m. p. 264°, identified by its mixed 
m. p. and infrared spectrum as the derivative of veratraldehyde. 

Amide Fission of 2',3,4,4’,6’-Pentamethoxychalcone.—The chalcone (250 mg.) in ethylene 
glycol dimethyl ether (5 c.c.) was added to potassamide (from potassium, 400 mg.) in liquid 
ammonia (20 c.c.). After 25 min. water (2 c.c.) was added, the ammonia evaporated off, and 
the residue extracted with ethyl acetate. The extract gave 3,4-dimethoxycinnamamide 
(40 mg.) [purified by crystallisation from benzene-light petroleum (b. p. 60—80°)], m. p. and 
mixed m. p. 168°. 

Synthesis of Alphitonin Pentamethyl Ether (2-Benzyl-3’ 4’ ,4,6-pentamethoxycoumaran-3-one).— 
2’-Hydroxy-«,3,4,4’,6’-pentamethoxychalcone was prepared by condensing 2-hydroxy-w,4,6- 
trimethoxyacetophenone * with veratraldehyde by Kimura’s method.’ Cyclisation was by 
two procedures: 

(i) Cyclisation with alkali. The chalcone (1-5 g.) in warm ethanol (3-2 c.c.) was added to 
sodium hydroxide (0-3 g.) in water (17-5 c.c.). After 40 hr. at room temperature the dark red 
solution was refluxed for 5 hr.; an oil began to separate after 3 hr. On cooling, the product was 
extracted with ether and the gum chromatographed on alumina in benzene. ‘The resulting 
gum crystallised on contact with methanol; recrystallisation from methanol gave 2-benzyl- 
2,3’,4’,4,6-pentamethoxycoumaran-3-one (0-4 g.), m. p. 118—119° (Found: C, 64-0; H, 5:8. 
Calc. for Cy9>H,,0,: C, 64-2; H, 59%). Mixed m. p. and infrared spectra showed it had to be 
identical with alphitonin pentamethyl ether. Acidification of the aqueous alkaline layer gave 
recovered chalcone (0-8 g.). 

(ii) Cyclisation with acid. The chalcone (1-5 g.) in ethanol (225 c.c.), water (22 c.c.), and 
10N-hydrochloric acid (9 c.c.) was refluxed for 6 hr., the yellow colour almost disappearing. 
After evaporation under reduced pressure, water was added to the residue, and the product 
extracted with ether. After being washed with alkali, the neutral gum (0-75 g.) was dissolved 
in methanol; crude pentamethyl ether (0-3 g.) was deposited on seeding. Further crystallis- 
ation raised the m. p. to 118—119°, alone or on admixture with the above compounds. 

Acidification of the alkaline washings and extraction with ether yielded a pale brown gum 
(0-55 g.), which crystallised from chloroform-light petroleum (b. p. 60—90°) as plates (0-3 g.), 
m. p. 85—120°. When shaken with a little benzene this material dissolved but crystallised 
again almost immediately as colourless prisms, m. p. 176—177°. Recrystallised from methanol, 
it had m. p. 177—178°; it is almost certainly 2-hydroxy-3’,4’,4,6-tetramethoxy-2-benzyl- 
coumaranone-(Found: C, 63-1; H, 5-6. Calc. for C,yH,,O,: C, 63-6; H, 5-6%). Kimura?’ 
described this substance (his m. p. 176°) as 3-hydroxy-3’,4’,5,7-tetramethoxyflavanone, but 
Gripenberg }* and Kubota ™ both favour the benzylidenecoumaranone structure. 


We are indebted to Mr. L. H. Bryant (N.S.W. Forestry Commission) for generous supplies of 
wood shavings, to Mrs. E. Smith and Miss B. McReavie for extractions and some earlier work 
on purification, and to the D.S.I.R. for a scholarship (R. N. S.). 


CHEMISTRY DEPARTMENT, THE UNIVERSITY, SYDNEY. 
CHEMISTRY DEPARTMENT, THE UNIVERSITY, 
MANCHESTER, 13. [Received, November 3rd, 1959.] 


* Kubota, J. Chem. Soc. Japan, 1952, 78, 571. 
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720. Molecular Polarisability. Conformations of Certain Aryl- 

amines, -hydrazines, etc. 1 

By M. Aroney and R. J. W. Le Févre. i 


The molar Kerr constants, dipole moments, refractivities, etc., are reported ; 
for Ph-NH-NH,, (Ph*NH),, p-NH,°C,H,"NH,, (p-NH,°C,H,),, NHPh,, NPh,, i T 
CHPh;, and cyclohexylamine. The apparent (or average) conformations 
indicated by these measurements for each species as a solute are discussed. 


eo 
x 


THis paper is connected with four others + in which, inter alia, polarisability ellipsoids for 
the C-N and N-H bonds were specified and applied to a number of nitrogen-containing — 
molecules. Hydrazine and the eight substances of Table 1 and 2 have now been examined [| I 











by measurements of Kerr constants and dipole moments. Conclusions regarding their i . 
apparent conformations as solutes are given under “ Discussion.” f 
* I 
— i A 
EXPERIMENTAL ra 
Apparatus, Procedures, etc.—These have been as fully described before.-* Symbols and a 
methods of calculation used in this paper are defined and explained in refs. 2 and 3. Sodium- : } 
dried benzene or calcium chloride-dried carbon tetrachloride was the solvent employed. d 
Solutes were redistilled or recrystallised, as appropriate, immediately before solutions were 
made up. Hydrazine, which presented difficulties, is dealt with separately below. Observ- 
ations are listed in Table 1; when w, = 0 the following solvent properties apply: for benzene, 
¥ l 
TABLE 1. Kerr effects, polarisations, etc., for solutions in benzene or carbon tetra- 1 
chloride at 25°. F 
Phenylhydrazine in benzene. : 1 
10°'w, ... 841 1293 1882 2458 3507 °° 4286 5149 A 
10°AB ... 0-010 0-014 0-022 0-032 0-042 0-054 0-067 4 
whence 10’AB = 1-15w, + 2-49w,?. 
10°w, ... 418 796 1103 1641 2349 2664 3905 3919 1 
* ee 2-2859 22983 23075 23243 23465 23559 23952 2-3958 e! 
HP cciss 0-8745 — 0-8757 0-8766 0-8779 0-8786 0-8807 0-8810 d 
105w, ... 1725 2881 3325 5111 
BM. sececs 0-0016 0-0027 0-0032 0-0048 
whence }Ac/Sw, = 3:17, DAd/Sw, = 0-175, DAn/Sw, = 0-094. 
Hydrazobenzene in benzene. - 
10'w, ... 1273 1509 1742 1941 2113 2459 r 
10°AB ... — 0-028 — 0-033 —0-039 — 0-042 — 0-046 — 0-054 
,* ee — — 0-0019 — — 0-0029 
whence 10’AB = —-2-22w, + 1-16w,*, DAn/Sw, = 0-113. . l 
10°w, ... 562 1273 1509 1940 2163 2614 e 
, pas 2-2845 2-2997 2-3047 2-3136 2-3188 2-3282 d 
, ae 0-87493 0-87640 0-87691 0-87776 0-87829 0-87925 
whence DAe/Sw, = 2°13, SAd/Sw, = 0-207. 2 
p-Phenylenediamine in benzene. 4 1 
105w, ... 239 253 257 290 306 314 345 1 
10°AB ... —0-008 — —0-009 —0-010 —0-012 —0-012 —0-014 f 
BD. cocers 0-0003 0-0003 0-0003 _ _ — —_ | 
whence DAB/Yw, = —3-67, LAn/Sw, = 0-121. 
10°5w, ... 228 239 253 257 306 345 
eee 2-2794 2-2795 2-2798 2-2798 2-2817 2-2830 
. 7? 0-87427 0-87432 0-87436 0-87436 0-87444 0-87455 
whence LAe/Xw, = 2-95, DAd/Xw, = 0-223. i 
1 Aroney and Le Févre, J., 1956, 2775; Proc. Chem. Soc., 1958, 82; J., 1958, 3002; /., 1960, 2161. ‘ 


* Le Févre and Le Févre, J., 1953, 4041; 1954, 1577; Rev. Pure Appl. Chem., 1955, 5, 261. 
® Le Févre, ‘“‘ Dipole Moments,’”’ Methuen, London, 3rd edn., 1953, Chap. IT. 
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TABLE 1. (Continued.) 


Benzidine in benzene. 


436 726 791 905 953 1028 1071 1098 
—0-011 —0-017 _ —0-021 —0-022 —0-024 — 0-024 — 0-026 
— — 0-0014 — —_ 0-0018 0-0019 0-0020 


whence DAB/Sw, = —2-35, DAn/Sw, = 0-178. 


700 763 791 820 980 1027 1097 1186 
2-2862 2-2880 2-2883 2-2891 2-2921 2-2935 2-2944 2-2979 
0-87552 0-87564  0-87575 0-87580 0-87624 0-87631 0-87638  0-87658 


whence DAe/YSw, = 2-02, YAd/Sw, = 0-245. 


Diphenylamine in benzene. 


1440 1831 3376 4256 5703 6194 
0-020 0-021 0-038 0-052 0-066 0-072 
whence 10’AB = 1-23,w, — 1-19w,?. 

1127 1835 3472 4591 

0-0014 0-0024 0-0046 0-0060 
whence YAn/Sw, = 0-131. 

633 1127 1519 1835 2171 3472 4591 

2-2794 2-2850 2-2895 2-2928 2-2968 2-3116 2-3255 


0-87498 0-87586 0-87631 0-87730 0-87780 0-88033 —- 
whence DAe/Sw, = 1:12, SAd/Yw, = 0-183. 


Triphenylamine in benzene. 


1440 3674 5279 5618 7918 11,023 
0-010 0-022 0-034 0-036 0-051 0-076 
whence 10’7AB = 0-584w, + 0-930w,?. 

7643 8366 
0-01015 0-01168 
0-01238 0-01398 

whence DAnp/dw, = 0-164. 

774 1086 1236 1350 1838 2952 
2-2773 2-2791 2:2797 ° 2-2811 2-2831 2-2908 
0-87530 0-87593 0-87618 0-87635 0-87728 0-87949 


whence DAc/Sw, = 0-609, YAd/Sw, = 0-194. 


Triphenylmethane in carbon tetrachloride. 


766 1679 1884 3560 
0-002 0-004 0-005 0-009 
0-0020 0-0042 0-0049 0-0089 
whence DAB/Sw, = 0-255, DAn/Sw, = 0-255, 
421 766 1679 1884 3560 
— 2-2328 2-2392 2-2419 2-2522 
1-58156 1-57926 _- 1-57167 1-55952 


whence DAc/Yw, = 0-746, DAd/Yw, = —0-696. 


Cyclohexylamine in benzene. 


1344 2048 2879 3524 3993 4466 5878 6661 
0-006 0-009 0-012 0-013 0-015 0-016 0-018 0-020 
_ —00010 * — _ _ —0-0023 —0-0028 _ 
7376 11,972 15,920 19,174 26,422 28,693 33,819 
- 0-020 0-022 0-010 —0-005 —0-042 —0-051 — 0-097 
—0-0036 —0-0056 _ —_ —0-0123 _— _ 


For concentrations up to w, = 4466 x 10 (inclusive) 
10°AB = 0-500w, — 3-24w,?, DAn/Sw, = —0-049. 


2048 2879 4466 5878 7376 11,972 15,920 
2-3114 — 2-3543 2-3807 2-4085 2-4908 2-5676 
0-87342 0-87325 0-87303 0-87274  0-87252 0-87174  0-87088 


whence LAe/Sw, = 1-86, DAd/Sw, = —0-0175. 
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¢ = 2:2725, d = 0-87378, n, = 1-4973, B = 0-410 x 107%; for carbon tetrachloride, ¢ — 
2-2270, d = 1-5845, nm, = 14575, B = 0-070 x 10°. When A precedes a symbol, a difference 
between solution and solvent is implied, e.g., Ae = ¢,, — ¢,. Table 2 contains the molar Kerr 
constants and total polarisations at infinite dilution, together with dipole moments, computed 
from the measurements recorded in Table 1. 

Previous Determinations related to Table 2.—The following dipole moments (D) have been 
recorded (numerals in parentheses being references), for benzene solutions unless otherwise 
stated: Ph-NH-NH,, 1-65—1-79 (4); Ph-NH-NH:Ph, 1°53 (4), 1-66 (5); p-C,H,(NH,),, 
<0-3 (6), ~0 (7), 0-3 (8), ~1-5 (11), 1-51 (12), 1-56 (9); 1-49 (gas; 10); (p-NH,°C,H,),, 1-43 (13), 
1-3 (6—8), 1-6 (14); NHPhg, 1-04 (15), 1-08 (16), 1-0 (17), 0-95 (18); NPhg, 0-26 (19), 0-55 (15), 
0-47 (18); CHPh,, ~0 (liquid; 20), 0-62 (in CS,; 21), 0-21 (22), 0-46 (in dioxan; 22); cyclo- 
hexylamine, 1-32 (23). 


TABLE 2. Calculation of results. 


oP, Rp 
ae, B y 6 (c.c.) (c.c.) p(D)* 10% .0(,K,) 
EG - sikscecesiecase 3-17 0-203 0-063 2-80, 93:8, 34-7, 1-67 16-7 
Ph:-NH:NH‘Ph ............ 2-13 0-237 0-075 —5-41, 121-7 59-1 1-70 — 80-0 
p-NH,C,H,'NH, .......... 2-95 0-255 0-081 —8-95 87-4 34-5 1-58 — 79-0 
pp’-NHyC,HyC,HyNH, 2-02 0-280 0-119 —5-73 1152 63-3 1-54 —85-0 
a aR ee 1-12 0-209 0-087 3-00, 81-2 57-4 1-01 40-6 
BREE“ dcaatnereccreges tignnko’ 0-609 0-222 0-110 1-42, 93-0 83-2 0-52 33:3 
Gia T kctsccesvedetevoonees 0-746 —0-439 0-175 3-64, 83-7 77-9, 0-3 8-3 
Cyclohexylamine ......... 1-86 —0-020 —0-033 1-22 69-1 31-1 1-33 10-6 


* Calc., 1-05Rp being taken as the distortion polarisation. t Examined in CC],. 


We confirm the higher polarities ascribed to p-phenylenediamine and benzidine by Tiganik ® 
and Sutton e¢ al. respectively; agreement with literature is otherwise reasonably satisfactory. 
No determinations of molar Kerr constants antedate those of Tables 1 and 2, although the 
electric birefringences of one solution in benzene of p-phenylenediamine, two of hydrazo- 
benzene, and one of benzidine were included by Lippmann imhis 1912 Thesis (see ref. 24); B for 
supercooled phenylhydrazine is listed as zero in the I.C.T., Vol. VII. 


DISCUSSION 
Bond and group semi-axes of polarisability, now required for discussion, are: 
C-H N-H N-C N-N “ Phenyl” 
DAG Uulbetintertansesinarpenbipnans 0-064 0-050 0-057 0-062 1-056 
ESR ‘ 0-083 0-069 0-077 1-056 
BOD. seseresnceconsicrebinenpssenees “ 0-083 0-069 0-077 0-672 


The sources of the first three sets of these are in refs. 1 and 2; the “‘ phenyl” semi-axes 
come from those (1-125, 1-125, and 0-73,) recalculated from mK benzene = 7°24 < 10°! and 


Audrieth, Nespital, and Ulich, J. Amer. Chem. Soc., 1933, 55, 673. 
Cowley and Partington, J., 1933, 1252. 

Williams, Phys. Z., 1928, 29, 683. 

Williams and Weissberger, J]. Amer. Chem. Soc., 1928, 50, 2332. 
Idem, Z. phys. Chem., 1929, 3, 367. 

Tiganik, Z. phys. Chem., 1931, B, 14, 135. 

Linke, Z. phys. Chem., 1940, B, 46, 261. 

11 Fogelberg and Williams, Phys. Z., 1930, $1, 363. 

12 Bretscher and Wagner-Jauregg, Helv. Phys. Acta, 1929, 2, 522. 

18 Bretscher, Helv. Phys. Acta, 1928, 1, 355. 

14 Everard, Kumar, and Sutton, J., 1951, 2807. 

18 Leonard and Sutton, J]. Amer. Chem. Soc., 1948, 70, 1565. 

16 Smith, J., 1950, 3532. 

17 Barclay, Le Févre, and Smythe, Trans. Faraday Soc., 1951, 47, 357. 
8 Cowley, J., 1952, 3558. 

1#® Bergmann and Schiitz, Z. phys. Chem., 1932, B, 19, 401. 

2 Lautsch, Z. phys. Chem., 1928, B, 1, 115. 

*1 Bergmann, Engel, and Wolff, Z. phys. Chem., 1932, B, 17, 81. 

#2 Syrkin and Shott-L’vova, Acta Physicochim. U.R.S.S., 1944, 19, 379. 
*3 Lewis and Smyth, J. Amer. Chem. Soc., 1939, 61, 3067. 

*4 Tables Ann. Internat. de Constants et Données Numériques, Vol. II, pp. 355, 356 
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pPrensene = 25°02 c.c.; the 6; for the N-N link has been predicted from ryy = 1-45 A 
(cf. dimethylhydrazine in Allen and Sutton’s list ) by Le Févre’s equation,” and bY = 
b¥* accepted as half of the difference between bf and the total polarisability 
(0-215 x 10°) found by extrapolating the bond refractivities of Vogel et al.27 to RN-S and 
multiplying by 9/4xN. 
Using these data, we now consider the molecular conformations apparently adopted 
by each of the solutes named in the following sub-titles. 
Phenylhydrazine.—The principal axes are based upon those already given for aniline} 
and include the exaltations noted with this molecule in /., 


H by 1960, 2161. To provide maximum orbital overlap, the 
Nig plane of the benzene ring is maintained parallel to a line joining 
50 ONS 4 N* and H*. The moment of H-N is 1-3pD (from uyx,); hence 
a \~ y* the amino-group produces a component of 1-5 p acting at 55° 

\ 

H Ph\ 


H 
to the N-N longitudinal axis. The unit NeNC likewise 
Ph 
() contributes a component of 1-5 D acting at ca. 43° to the C-N 
direction and in the plane containing }, and 6, of the phenylhydrazine molecule. 
Calculations have been made for three conformations: (a) in which the plane of N*-N 
and the bisector of the angle H-N*-H is at right-angles to the plane of N*-N and the 
bisector of the angle H-N-C, and in which the free electron-pair of the NH, group is ~ 
“trans”’ to the benzenoid ring; (6) as (a) but with the lone-pair “ cis” to the benzene 
ring; and (c) in which the nitrogen atoms are twisted about the N-N line so that their 
four valency directions are anti-parallel]. We find (all 6 values x 10*4): 


b, = 1-65 b, = 1-62 
a a tres, Calc. = 1-6 D, eee Ures, Calc. = 2-9 D, 
. of " a0} cal. =5 x 1012; os = on a Tee AO 
_ - 


b, = 1-62 
“tidal Ures Calc. = 2-6 D, 
for oft 120 | calc. = 296 x 10722 
nae 


As the observed moment and molar Kerr constant is 1-6, D and 16-7 x 107!” respectively, 
conformation (a) is advanced as a near approximation; it has a close relation to the “‘ skew ”’ 
m arrangement postulated by Penney and Sutherland % for hydrazine 
itself. 
\ Hydrazobenzene.—Two conformations are considered; in either 
i Ures acts parallel to the minimum polarisability axis b,. The models 
NX may be described by reference to (II). In (a) the plane containing 
/ \ H N-N and N-H bisects the opposing angle C-N-H, and the benzene 
H Ph rings are ‘“‘ trans” to one another and disposed to allow maximum 
(II) orbital overlap with their respective nitrogen lone-pair orbitals; the 
largest polarisability semi-axis }, is taken as parallel to the N-C 
longitudinal axis. In model (6) the },, 6,, and b, directions are retained as in (a) and 
each Ph-NH unit is rotated 30° upwards about the N-N axis, so that the two N-H bonds 
are making their closest approach. 
We find (b values x 107): 


b, = 2-90 b, = 2-61 
= =1-7pD 1 Ug =u =1-7pD, 
for ap = 200 Pe ieee els Gal oft = var} gee 42. 
by = 1-75 mK, calc. = —182 x 10%; b, = 2-14 mK, calc. = —32 x 10°; 


* Allen and Sutton, Acta Cryst., 1950, 8, 46. 

* Le Févre, Proc. Chem. Soc., 1958, 283. 

* Vogel, Cresswell, Jeffery, and Leicester, J., 1952, 531. 

*® Penney and Sutherland, Trans. Faraday Soc., 1934, 30, 898. 
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The observed ,,K (—80 x 10°) lies between those expected for (a) and (b). The 
structure indicated is therefore intermediate: e.g., one in which the 


" planes bisecting the two C-N-H angles are mutually perpendicular 
\ (cf. N,H, and C,H,-NH-NH,). Possibly also each benzene ring 
N—__* does not have its transverse axis exactly parallel to H ---N- [see 

5 a: (III)] but is twisted away from N*, owing to the greater steric re. 

Ho Ph quirement of N* than H. This would increase the contributions of 
(111) the transverse polarisabilities of the C,H,-rings to the molecular ,, 


which in consequence would be larger than estimated above for (a) 

and (6); »K, calc. would, in turn, be less negative. 

p-Phenylenediamine.—We consider first three conformations in which the H- -- H lines 
of the amino-groups are (a) both parallel to the plane of the benzenoid ring and on the 
same side of it, (6) one parallel and one perpendicular to the C,-plane, and (c) both parallel 
to the C,-plane but on opposite sides of it. The moment of each amino-group is taken as 
acting at 50° to the 1,4-line; in aniline the corresponding angle has been thought to be 
43°; it would be 55° for a completely tetrahedral non-resonating system. 

We predict (values of b’s x 10%): 


b, = 1-418) ures, calc. = 2-3 p, b, = 1-418 ) ups, calc. = 1-6 p, 
for (a) 4 6, = 1-367 - mK, calc. = for (6) + 6, = 1-396 > »K, calc. = 

b, = 1046) —197 x 10°; b, = 1-016) —23 x 10°; 

b, = 1-418 

> Ures, Calc. = 0 D, 
sal oft - vat |e calc. = +6 x 102 
™ 
An equimolecular mixture of (a) and (c) should show p,,, = 16D and ,K = —95-5 x 10% 


(against “ found” values of 1-5,D and —79 x 107%), and an equimolecular mixture of 
all three forms should show p,,, = 16D and ,K = —71 x 10°". Attention has also 
been given to conformations derived from (a) and (c) by rotations about the N-Ar bonds 


b, b; b3 b; 


Tee Otc: Se A 
| | Al N 


(IVa) (IVb) (IVe) (IVa) 





of the NH, group by various angles 8. The case where @ = 0 has been discussed in (a) and 
(c). The directions of action of the resultant moments are indicated by the ‘“‘ end-on” 
drawings ([Va—d). The cases where rotation is 20°, 30°, and 45° are considered, the semi- 
axes (x 10*5) for the three sets of four isomers being: 


b, = 1-42 b, = 1-42 b, = 1-42 
for 20°; b, = 1-38 for 30°4 6, = 1:38 for 45°4 6, = 1-40 
bs = 1-03 b, = 1-03 bs = 1-02 


TABLE 3. Calculated values for .., and »K for p-phenylenediamine. 
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Equivalent mixtures of these would lead to moments and molar Kerr constants as 
follows: 


Dtiksidinstcinca dabble 0° 20° 30° 45° 
iin, -siinadeddsenbanatiodadts 1-6 1-6 1-6 1-6 
SERIE "Siccadcancdansinprecaneincanal —95-5 —82 —64 —23 


Accordingly, we conclude that the conformations actually present are those in which 
NH, rotations of ca. 20° have occurred. 

Benzidine.—With this molecule, rotations of the C,-rings have to be considered in 
addition to those of the amino-groups. First, let each NH, group be disposed towards 
its Ar-ring as in conformation (a) for p-phenylenediamine, and suppose that one half of 
the molecule rotates around the 4,1,1’,4’-axis; if « is the angle of rotation (such that 
a= 0° when the C,-rings are coplanar), .then semi-axes, resultant moments, etc., are 
predicted as follows: 


10*2,,.K, 10*,,K, 
a 10%, 10%, 10%, res (D) _cale. a 10%, 105, 10%, jure (D) calle. 
0° 2503 2380 1679 23  —417 60° 2-503 2-206 1:53 20  —206 
30 » 2335 1724 22 —847 90 » 2030 2030 16 —56 
45 , 2279 21780 21 —-298 180 4 2380 1679 0 +28 


The nearest approach to the quantities observed is made when « = 90°. However, 
resonance effects between the two Ar-rings must be expected: they would exalt 0, (so that 
the.,K’s for all but the last form should be more negative than shown above); they © 
would also tend to keep the C,-rings in one plane. Accordingly, we have performed for 
benzidine calculations parallel to those made for conformations (IVa—d) of #-phenylene- 
diamine. Results are given in Table 4. Data in parentheses come from the use of the 
polarisability semi-axes ascribed by Chau, Le Févre, and Le Févre ® to the biphenyl 
molecule itself. Semi-axes calculated for rotations of 30°, 38°, and 45° are: 


10°35, = 2-50 (2-7) 10%), = 2-50 (2-7) 10°, = 2-50 (2-7) 
for 30° 10%, = 2-39 (2-4) | for 38°4 10%, = 2-40 (2-4) } for 45°4 10%, = 2-41 (2-4) 
10°, = 1-67 (1-6,) 103), = 1-66 (1-6,) 10°35, = 1-65 (1-6,) 


TABLE 4. Calculated values for tye, and »K for benzidine. 


(IVa) (IVb) (IVe) (IVa) 
for 9 = 30° B, calc. (D) rrerrr ttt ts 2-3 2-0 0 Ll 
a rer — 260 (—312)  —313 (—356) +29 (+42) +73 (+77) 
for § = 3g°{ Hs COBB. (BD) ....c5ceceee 2-3 1-8 0 1-4 
= gg | ee — 183 (— 239) — 253 (— 294) +30 (+46) +99 (+100) 
for @ =: 45°{t: _ 5 an 2-3 1:6 0 1-6 
= a Naan —107 (—156) —196 (—213) +31 (+42) +126 (+112) 


Mixtures of equal parts should show dipole moments and molar Kerr constants as 
follow: 


aks 0° 30° 38° 45° 
AS SON reete eben 1-6 1-6 1-6 1-6 
eC ania —195 (—232) —118(—137) —77 (—97) —36 (—54) 


It is to be noted that a conformation in which the H_ --H directions in the NH, groups 
are one parallel and one perpendicular to the biphenyl plane has the same semi-axes as 
have the forms represented by 0 = 45°; the py», and »K, calc. for this single conformation 
are numerically the same as those obtained for an equivalent mixture of the preceding 
four isomers. However, the ,,K observed is —85 x 107 (i.e., more negative than that 
forecast for either of the cases whére the H---H lines are mutually perpendicular); 
accordingly, we conclude that each of the actual conformations present in solution contains 
a planar biphenyl nucleus with the NH, groups rotated so that @ is ca. 38°. 


* Chau, Le Févre, and Le Févre, J., 1959, 2666. 
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Triphenylamine.—Semi-axes predicted for three conformations are shown beneath 
(Va, b, and c): 


b x 


' 
Pa 
‘ 
‘ 
' 


‘ 
‘ 
‘ 


(Va); X=N (Vb); X=N 
(VIa); X = CH (VIb); X = CH (VIc); X = CH 
(Va) (Vb) (Vc) 
107%, = 3-354 2-283 2-820 
10°35, = 2-770 3-306 3-037 
1073), = 2-770 3-306 3-037 


In (Va) the planes of the benzene rings intersect along the line of action of t1¢,; in (Vb) 
and (Vc) the benzene rings have been rotated about the C-N bonds by 90° and 45° re. 
spectively from their dispositions in (Va). The angle C-N-C is (following Leonard and 
Sutton }5) taken as 114°. 

R.~, computed from Rp = 83-2 c.c. and Rg = 87:5 c.c., is 78-6 c.c., whence b, + 2, = 
9-34, x 10% (the reasonable assumption being made that the polarisability ellipsoid of 
this molecule is one of rotation, 7.e., with b, = b,). From the observed ,,K and moment, 
semi-axes are accordingly calculable as 10%), = 2-53,, 10%, = 3-40,, or 10%, = 3-66,, 
1075), = 2-84,. An exaltation in the total polarisability, b, + 20, of 0-45 x 10° c.c. is 
thus seen. Since exaltation should be a maximum along the Ph-N directions, which are 
only 15° from the plane normal to y,,.,, we select the first set of axes (with b, = b, = 
3-40, x 10%) as the more correct. A conformation midway between (Vb) and (Vc) 
[t.e., with the phenyl groups rotated 65—70° from their positions in (Va)], or a mixture of 
these forms, therefore fits the measurements now recorded: with no allowance for exalt- 
ation, an equal-part mixture should show 10%), = 2-55 and 10%), = 3-17,; if the 
exaltation is added to the b, = b, axes the corresponding values should be 10%), = 2-55 
and 10%), = 3-40, in good accord with the result by experiment. 

Triphenylmethane.—This molecule was investigated because of its relation to triphenyl- 
amine, N'™ being isoelectronic with CH™. The assumption that the conformation has 
axial symmetry is again made, so that }, is located along the C-H direction, and }, =}, 
are in a plane normal to the C-H line. From the dispersion data of Kikina, Syrkin, and 
Shott-L’vova,™ R,, is 77-97 c.c., whence 6, + 2b, = 9-271 x 10°. The observed molar 
Kerr constant is 8-3 x 10-1, but the resultant dipole moment is very small and therefore 
doubtful; semi-axes have therefore been computed with » = 0-3 p or 0 D: 


with pres = 0-3 D with pres = 0D 
10% 2-73 3-30 2-81, 3-36 
10%, — 10°%, 3-26,) % 2.98, 3.99} or {595° 


Using bond and group polarisabilities in conjunction with a Ph-C-Ph angle ® of 114°, 
we have calculated semi-axes for three conformations, (VIa—c) in which the benzene 
rings are disposed as in (Va—c) respectively. We obtain 


(VIa) (VIb) (VIc) 
2-24, 2-77, 
3-35, 3-09, 


Again an exaltation in 5, + 20, is revealed, and for the same reasons as with triphenyl 
amine it suggests that, of the alternative solutions provided by our experimental data, 
those in which b, = b, exceeds b, are the more correct. Kikina, Syrkin, and Shott-L’vova® 
have drawn attention to the exaltation of molecular refraction exhibited by triphenyl 
methane, stating this to be much higher than would be expected from purely benzenoid 
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structures. Since inter-ring conjugation appears here to be impossible, presumably the 
exaltation is to be attributed to hyperconjugation involving the C-H link. 

When the exaltation of polarisability is distributed over the semi-axes (b, = b,) where 
it is most likely to occur, we have for conformations (VIb) and (VIc): 

(VIb) (VIc) (VIb) (VIc) 

GOIMD) sce scecsecicescsss 2-24 2-78 10%), = 10%, ...... 3°51 3-24 
Comparison of these values with those from experiment indicates that the solute species 
in carbon tetrachloride resemble (VIc) much more than (VIQb), or alternatively, that if a 
mixture of forms is present, (VIc) is predominant. It is of interest that Rousset and 
Pacault * suggest (from light-scattering measurements) that the benzene rings are rotated 
ca. 60° from the (VIa) conformation, while Adrian,® from a priori calculations of steric 
energies, has more recently deduced the “ equilibrium twist angle” as 50°, in harmony 
with our value of ca. 45°. 

Cyclohexylamine.—We have considered the amino-group to be attached equatorially 
to a “chair” cyclohexyl conformation, since cyclohexylamine hydrochloride has been 
reported ** as “ completely chair-equatorial.”” The bond moment of N-H is 1-3 p (from 
uyn,), So that if the angle H-N-H is 110°, uy, should be 1-5 p acting at 55° to the C-N 
axis. To obtain a molecular resultant of 1-33 p (the observed value) a component of ca. 
0-3 p must act along the C>N direction. On combination of these, u,., must act at 67° 
to the N-C line. Carbon valency angles have been taken throughout as tetrahedral. 
Polarisability calculations have been made for the three conformations (VIIa—c), in which 
the centre-centre lines of the amino-hydrogen atoms and the 2,6-carbon atoms are 
respectively parallel, perpendicular, and parallel to one another. Details and results are 
shown below : 


b3 
33D A 
672 b, H as 4 
N wN “NZ 
H/ SH af er) 
(VIIa) (VIIb) (VIIe) 
1035, = 1-266 - 1023), — 1-2 
(VIIa) 10%, = v2} ee “dames a a = 1203} 10%,,K, cale. = 
o- " we? 
10735, = 1-104 - 10%), = 1-130 +10 


10%), = 1-266 
rt 10 = 1273 10% calc. = —9 
10235, = 1-104 

Conformation (VIId) is clearly in best agreement with measurement. 

Hydrazine.—Hydrazine hydrate was refluxed over sodium hydroxide pellets for 3 hr. 
under nitrogen, and the product twice distilled from fresh sodium hydroxide in a current 
of dry nitrogen; it had b. p. 113°. Solutions in benzene quickly become turbid (access of 
atmospheric moisture and carbon dioxide during our measurements could not be entirely 
prevented) and great difficulty was experienced in maintaining the high voltage across 
the Kerr cell; moreover, the brass electrodes in the cell were visibly attacked and gas 
bubbles (? nitrogen) were slowly formed. Hydrazine concentrations were found by 
titration with potassium iodate in acid solution (see Vogel *). A number of observations 
of electric birefringence, taken rapidly before conduction or discharge set in, were ultimately 


* Kikina, Syrkin, and Shott-L’vova, Izvest. Akad. Nauk S.S.S.R., Otdel. Khim. Nauk, 1954, 563. 

1 Rousset and Pacault, Compt. rends 1954, 388, 1705. 

* Adrian, J. Chem. Phys., 1958, 28, 608. 

** Sutton, ‘‘ Tables of Interatomic Distances and Configuration in Molecules and Ions,’ Chem. Soc. 
Spec. Publ. No. 11, 1958, M 207. 


* Vogel, ‘‘ A Textbook of Quantitative Inorganic Analysis,’’ Longmans, Green and Co., London, 
2nd edn., p. 365. 
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made, but accurate readings could not be achieved and we can safely report only a small 
positive effect with respect to benzene solvent for concentrations of ca. 03%. Such 
behaviour is not inconsistent with the N-N link’s having semi-axes of polarisability: 6)" = 
0-062 x 10°°3, BX- — bY = 0-077 x 10°, as derived at the beginning of this Discussion, 
The structure of hydrazine on the Penney-Sutherland * model is one in which the planes 
bisecting the H-N-H angles are at right-angles to each other. If bond angles are 110° and 
the polarisability ellipsoids for N-H as in ref.1 , we have for hydrazine: b, = 0-379 x 10° 
and b, = b, = 0-330 x 10°, since b, + 2b, = 1-040 x 10% (calc. from RD = 
9-03 and R3*"+ = 9-28 c.c.). The dipole moment in benzene is 1-84.D. Accordingly, 
mK, calc. should be —9-0 x 107%. From ref. 4 we compute ae, = 12-9, 8 = 0-66, and 
y = 0-20. The value of AB/w, required to give ,.K = —9-0 x 10° is +0-90 which, for 
solutions of w, near 0-003, would correspond to a AB of +0-003 x 10°’. 


We acknowledge with gratitude a gift of pure triphenylmethane from Miss J. Bosson. 


UNIVERSITY OF SYDNEY, N.S.W., AUSTRALIA. [Received, December 7th, 1959.} 





721. Phosphonitrilic Derivatives. Part III The Cyclic 
Phosphonitrilic Fluorides. 


By A. C. CHapman, N. L. Pappock, D. H. Patne, H. T. SEARLE, 
and D. R. SMITH. 


The phosphonitrilic fluorides ([PNF,],, » = 3—11) have been prepared 
by reaction of a mixture of sulphur dioxide and potassium fluoride with the 
cyclic phosphonitrilic chlorides. Their main physical properties are tabulated, 
together with less detailed information on the higher polymers up to [PNF,],,; 
their infrared spectra show them all to be monocyclic. Intermolecular 
forces are weak, and the rings flexible. 


VARIOUS investigators have shown that it is not possible to prepare the phosphonitrilic 
fluorides either by reaction of ammonium fluoride with phosphorus pentachloride,? or by 
fluorination of the corresponding phosphonitrilic chlorides with anhydrous hydrogen 
fluoride.* The chief product of the fluorination of the trimeric chloride with lead fluoride ‘ 
is a mixture of tetrameric chlorofluorides, though traces of the trimeric fluoride may also 
be formed.’ Seel and Langer have shown that the trimeric and tetrameric phosphonitrilic 
chlorides can be fluorinated completely by potassium fluorosulphite, either dry ® or in 
nitrobenzene.’ 

The preparation of the higher members of the series is now described, and their cyclic 
nature proved. The main physical properties of the polymers (PNF,), are recorded, where 
n = 3—11 inclusive, together with less detailed information on polymers up to (PNF,),. 
The preparative technique has been modified by using a mixture of potassium fluoride 
and sulphur dioxide instead of potassium fluorosulphite.* The trimeric—hexameric 
fluorides were prepared from the corresponding chlorides, the higher members by fluorin- 
ation of a mixture of the higher cyclic chlorides followed by fractional distillation. 

The retention times of the individual polymers on a vapour-phase chromatographic 


* After the preparative part of this work was complete, Haber and Uenishi * published details of 
their preparation of the trimeric and tetrameric fluorides by the same method. 


1 Part II, Wilson and Carroll, J., 1960, 2548. 

2 Lange and von Krueger, Ber., 1932, 65, 1253. 

® Bode and Clausen, Z. anorg. Chem., 1951, 265, 229. 

* Schmitz-Dumont and Kiilkens, Z. anorg. Chem., 1938, 288, 189; Schmitz-Dumont and Braschos, 
ibid., 1939, 243, 113. 

5 Schmitz-Dumont and Walther, Z. anorg. Chem., 1959, 298, 193. 

* Seel and Langer, Angew. Chem., 1956, 68, 461. 

? Seel and Langer, Z. anorg. Chem., 1958, 295, 316. 

* Haber and Uenishi, Ind. Eng. Chem., Chem. Eng. Data Ser., 1958, 3, 323. 
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column increase with polymer size according to the equation logy, ¢, = An + B, where n 
is the degree of polymerisation, a relationship typical of homologous series.® By the use 
of this equation, the peaks observed in the chromatograms of the higher-boiling mixtures 
can be assigned to individual polymers (PNF,), up to » = 17, such assignments agreeing 
with those from infrared spectroscopy. 

The infrared spectra of the phosphonitrilic fluorides show a system of bands due to 
PF, stretching vibrations which changes in a regular manner throughout the series (see 
Fig.) and can be interpreted in the following way. 

The normal vibrations of a molecule of » identical units can be regarded as a system 
of standing waves, the system differing according to whether the molecule is linear or cyclic. 
An open chain may accommodate up to » half-wavelengths in its length; the phase 


The infraved spectra from 900 to 600 cm.— of the phosphonitrilic fluorides (PNF), from n = 3 ton = 17, 


and of the rubbery high polymer. 


Dotted peaks pe poe polarised Raman bands; series of bands 


arising from vibrations having the same number of standing wavelengths in the ring are indicated by 
dotted lines. 
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difference between adjacent groups ™ is 8 = mn/(m — 1), where m = 0, 1, 2,...(n — 1). 
Ring closure increases the number of links by one, and strengthens the phase-difference 
condition; an integral number of complete wavelengths must be included in the ring, the 
phase difference between the vibrations of adjacent groups being now 8 = 2xm/n, where 
m=, 1, 2,...(m — 1). 

The vibrations of adjacent units will be coupled to some extent, so that modes of 


distinct, giving the » normal vibrations. 


different 8 give rise to different frequencies. For a linear molecule, the values of 8 are all 
For the cyclic molecule, the displacements are 
the same for the mth mode and the (m — m)th. If the symmetry is high enough, therefore, 


the vibrations occur in degenerate pairs except for 8 = 0 or x, all possible frequencies being 
accommodated by limiting m to the range 0, 1,...(” — 1)/2 for odd values of m, and to 


* Ray, J. Appl. Chem., 1954, 4, 21. 
* Brown, Sheppard, and Simpson, Phil. Trans., 1954, A, 247, 35. 


” Liang, Sutherland, and Krimm, J. Chem. Phys., 1954, 22, 1468. 
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0, 1,...n/2 for even values of nm. The vibration corresponding to the maximum possible 
phase difference, of x, between the displacements of adjacent units, is only present for 
even values of » and would be expected to give the highest frequency of the series. 

Linear molecules can therefore show a system of up to peaks; if the chain is straight, 
the vibrations should alternate between infrared and Raman activity with increasing m, 
In the phosphonitrilic fluorides, there is no evidence for any alternation in activity or 
intensity, and too few peaks are observed to allow assignment on the basis of an open-chain 
structure, which can therefore be rejected. 

The results are, however, in complete accord with the requirements of a cyclic structure, 
The high-frequency limit of the set, at 885 cm.-1, is formed by the out-of-phase vibrations, 
which occur only in the even members. Each out-of-phase vibration forms the non- 
degenerate head of a series of degenerate vibrations having the same number of standing 
waves in the ring. Although in (PNF,),, and (PNF,),, the adjacent degenerate band is 
very close to the high-frequency limit, the difference from (PNF,)13,15,37 is clear. The 
other limiting frequency, corresponding to the in-phase modes (for which 8 = 0), is Raman- 
active. It is inactive in the infrared in the trimer and tetramer, but becomes weakly 
active in the pentamer. It is infrared-active in the higher polymers, but is more variable 
in position than the high-frequency limit, and merges into the first degenerate band above 
the nonamer. The number of bands observed is that required for the number of modes ofa 
cyclic structure, being (” + 1)/2 for odd m and ( + 2)/2 for even n, the number being the 
same for an even-numbered polymer and the next-higher odd polymer. 

As will be shown later, the symmetry of the trimer is Dg,, and that of the tetramer is 
close to Dy. If the PF, vibrations observed here were antisymmetric, the in-phase modes 
of both molecules would be infrared active and Raman inactive, while the degenerate 
modes would be Raman-active and infrared-inactive.: For both types of mode, and for 
both molecules, these predictions are contrary to observation. On the other hand, if the 
bands arise from the symmetrical stretching vibrations, the in-phase modes should be 
Raman-active and infrared-inactive, while the degenerate modes should be Raman- 
inactive and infrared-active. The results are in complete accord with these requirements, 
and the bands must therefore be due to the symmetrical PF, vibrations. 

As the series is ascended, assignment of the molecular symmetry to a particular point- 
group becomes more difficult. Deviations from D,, symmetry are shown by weak infrared 
activity of the in-phase modes, infrared activity of the highest degenerate modes (only 
the first degenerate mode should be active in D,,), and activity of the out-of-phase modes. 
The degenerate vibrations are nevertheless not split. It is probable that the molecules 
are very flexible, a high symmetry being attained statistically. As shown above, the 
demonstration of the cyclic nature of the phosphonitrilic fluorides is independent of their 
precise symmetry. The rubber-like phosphonitrilic fluoride high polymer (prepared by 
heating any of the cyclic polymers to 300—350°) shows a sharp peak from the out-of-phase 
vibration; a series of unresolved degenerate vibrations is seen as a broad weak tail extending 
to about 600 cm.. For all but the high polymer (which has not been examined), the 
nuclear magnetic resonance spectra }2 show that only one type of phosphorus atom is 
present in each of the phosphonitrilic fluorides, as expected for monocyclic molecules, and 
confirming the above analysis. 

Fluorination of the trimeric-hexameric chlorides by the technique takes place without 
change in ring size. Since the higher members of the fluoride series have been prepared 
from a mixture of chlorides, no similar statement can be made about them with certainty. 
Since, however, they can be purified by distillation without disproportionation, the higher 
fluorides are evidently quite stable, and it seems most likely that they are formed from 
the corresponding chlorides in every case. If so, the two series are co-extensive up to at 
least (PNX,),,, the infrared spectra of the fluorides providing an indirect proof of the 


12 Gillespie and White, to be published. 
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cyclic nature of the chlorides above the octamer, and supplementing the evidence from 
nuclear magnetic resonance quoted in Part I of this series.1* 
The physical properties of the phosphonitrilic fluorides are given in Table 1, in which 


TABLE 1. Physical properties of the phosphonitrilic fluorides. 


nin (PNF»)» 3¢ 4¢ 5 6 7 8 9 10 ll 
P-N stretching fre- 1297 1419 1439 1408 1400 1386 1375 1363 1357 
quency (cm.~) 1438 
M. p. 27-1° 30-4° —50° —45-5° —61° —16-9° <—78° —651° <—78° 
B. p/ 51-0° 89-7° 120-1°  147-2° 170-7° 192-8° 214-4° 230-8° 246-7° 
AH, vap. (kcal. 7-65 8-91 9-8 e 11-6 12-0 12-7 13-5 14-6 
mole? 
AS, oN (e.u.) 23-6 24-6 24-9 e 26-2 25-8 26-1 26-9 28-0 
& (g. mi." 2-237 2-239 1-8259% 1-8410 1-8496 1-8567 1-8589* 1-8638 1-8644 
Molar vol. at 20° 112-7 149-6 227-40 270-63 314-22 357-78 402-03 445-54 489-92 
ml. 
solubility parameter b b 6-4 e 5-9 5-6 5-5 5-4 5-4 
(cal. ml.++) 
fies c c 1-3550 1-3604 1-3644 1-3677 1-3699 1-3710 1-3723 
np” c d 1-3482 1-3533 11-3570 1-3602 1-3622 1-3633 1-3645 
[M] (Nap, ml.) ...... 28:34 3814 4867 58:70 68:80 7896 89:16 99-08 109-29 


« The m. p.s, b. p.s, and densities quoted for the trimeric and tetrameric fluorides are those deter- 
mined by Seel and Langer;’ the heats and entropies of vaporisation of these two compounds are 
derived from the concordant vapour-pressure data of these authors and of Haber and Uenishi.6 * Not 
calculated; volume changes on fusion unknown. ¢ Not determined. * The monoclinic tetrameric 
fluoride has refractive indices (Nap, 20°) 1-379, 1-428, 1-463; cf. Jagodzinski ef al.,* who found 1-37, 
1-43, 1-46 and for the orthorhombic trimeric fluoride 1-388, 1-419, 1-443. The molar refractivity 
quoted was calculated from these last figures. * Vapour-pressure data too inaccurate. / Other 
vapour-pressure data are quoted in the Experimental part. % Over the range 20—80°, the temper- 
ature coefficient of density was found to be —2-76 x 10°° g. ml.-! deg.-1. * Over the range 10—60°, 
the temperature coefficient of density was found to be —2-10 x 10-3 g. ml.“ deg.-4. * Jagodzinski, 
Langer, Oppermann, and Seel, Z. anorg. Chem., 1959, 302, 81. 


the results obtained for the trimer and tetramer by other investigators are included for 
completeness. 

The term “ P—N stretching frequency ” in Table 1 corresponds to the most intense peak 
observed in the infrared spectrum; for (PNF;)19,13,:4 and the high polymer it is 1351, 
1346, 1340, and 1321 cm. respectively. Its order of magnitude shows that the phosphoni- 
trilic fluorides have the same type of bond as the phosphonitrilic chlorides, but perhaps 
rather stronger. A simplified treatment of the ring vibrations, analogous to that given 
above for the PF, vibrations, suggests that the ‘‘ P-N stretching frequency ” for each 
polymer corresponds to the fitting-in of one whole wavelength round the ring. The phase 
difference between vibrations at adjacent atoms therefore decreases as the series is ascended. 
The lowering of frequency from the pentamer upwards is probably to be attributed largely 
to this phase effect, rather than to any weakening of the P-N bond. Further details will 
be published elsewhere. 

The boiling points of the phosphonitrilic fluorides are close to those of saturated 
aliphatic fluorocarbons of comparable molecular weight. The hexameric phosphonitrilic 
fluoride (M, 498) boils 21-9° above perfluorononane ! (M, 488), the difference decreasing 
with increasing molecular weight; the decameric phosphonitrilic fluoride (M, 830) boils 
only 1-2° below perfluorohexadecane  (M, 834). The entropies of vaporisation of the 
phosphonitrilic fluorides are high, and tend to increase with molecular weight. Though 
no great accuracy is claimed for the individual values, which for the heptamer and upwards 
are based on vapour pressures at only two temperatures, their order of magnitude seems 
established. They may contain a large component due to the freeing of the rotational 
movement of (or in) molecules of high moment of inertia. 

The low boiling points of all the fluorides are a consequence of a low internal pressure, 


* Lund, Paddock, Proctor, and Searle, J., 1960, 2542. 
™ Haszeldine and Smith, J., 1951, 603. 
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here expressed as the Hildebrand solubility parameter © 8 = (AE,,,/Vm)*. The tabulated 
values can be compared with the typical value of 5-7 for perfluoroheptane.’* The solubility 
parameter of the pentameric phosphonitrilic fluoride was determined approximately as 
6-1, by measuring its critical solution temperature with toluene. As found for mixtures 
of fluorocarbons and hydrocarbons,!’ the experimental value is somewhat lower than that 
calculated from vapour-pressure data. 

All the polymers investigated have low refractive indices and low dispersions. The 
calculated absorption maximum, based on a single Sellmeier dispersion term, lies in all cases 
below 100 mu; experimentally, the molar extinction coefficients are less than unity down 
to 210 my. The molar refractivities may be expressed by the equation [M]p = 10-103” — 
1-86 ml., where m is the degree of polymerisation, with an average deviation of 0-06 ml, 

Unlike the fluorocarbons, the phosphonitrilic fluorides are flexible molecules. The 
infrared spectra show no evidence of the multiple peaks characteristic of the configurational 
isomerism observed in the hydrocarbon series.8 The barriers to internal motion in the 
fluorides are therefore small. Further evidence that the molecules can be folded in upon 
themselves economically is provided by the molar volumes, which are expressible by the 
formula V,, = (43-753 +- 8-19) ml., within an average deviation of 0-27 ml. The constant 
term is a measure of the volume made unavailable by ring closure, and therefore, 
indirectly, of molecular rigidity. For the parallel series of cyclic dimethylsiloxanes the 
constant term is 13-3 ml., and for the cycloparaffins it is approximately 20 ml. On this 
argument, therefore, the fluorides are the most flexible of the three series. 

Molecular flexibility is demonstrated more directly by transport properties. The 
viscosity of the pentameric fluoride at 25° is 1-37 cp., and its activation energy for viscous 
flow is 2-54 kcal. mole.1. For decamethylpentasiloxane, which also has a ten-membered 
ring, the corresponding values are 3-824 cp., and 3-71 kcal. mole.*, respectively. The 
ratio of this activation energy to the energy of vaporisation is also smaller for the fluoride 
(0-27) than for the siloxane (0-33), implying a smaller unit of flow in the former series, and 
therefore a greater flexibility.2° This is even more marked in the nonameric fluoride, 
which has a viscosity of 3-22 cp., at 25°, and an activation energy for viscous flow of 2-75 
kcal. mole; in this case the ratio of this last value to the energy of vaporisation is even 
lower (0-23). How far the flexibility is due to torsional freedom about the P-N bonds, 
and how far to easy angular deformation, is not yet known. Any such movements 
permitted by the underlying electronic structure would, however, be expected to show up 
in such a series as this, in which the exocyclic atoms are only slightly polarisable and are 
well spread out. 


EXPERIMENTAL 


The m. p.s of the phosphonitrilic fluorides liquid at room temperature were measured on 
large samples with a toluene thermometer; otherwise, m. p.s and b. p.s at atmospheric pressure 
were measured by micro-techniques, and, except where indicated, are corrected. Molecular 
weights were measured either by Victor Meyer’s method (VM) or by cryoscopy in benzene (C). 
Vapour-phase chromatograms were obtained by using a Griffin and George Mark II VPC 
apparatus with a column packing of I.C.I. silicone (Series E301) on 60—-80 mesh Celite; the 
column temperature was 174—175°. The densities of the liquids were measured pykno- 
metrically at 20° + 0-01°, and were reproducible to within +0-0002 g. ml.4. Refractive 
indices were measured at 20° + 0-2° with a Pulfrich refractometer, using either Na,, or Hggguy 
radiation; their average estimated error is +0-00015. Infrared spectra were taken with a 


18 Hildebrand and Scott, “‘ Solubility of Nonelectrolytes,” 3rd Edn., Reinhold, New York, 1950, p. 
129. 

16 Scott, J. Amer. Chem. Soc., 1948, 70, 4090. 

17 Neff and Hickman, J. Phys. Chem., 1955, 59, 42; Scott, ibid., 1958, 62, 136. 

18 Kohlrausch and Képpl, Z. phys. Chem., 1934, 26, B, 209; Billeter and Giinthard, Helv. Chim. Acta 
1958, 41, 338. 

1® Hurd, J. Amer. Chem. Soc., 1946, 68, 364. 

20 Ewell and Eyring, J. Chem. Phys., 1937, 5, 726. 
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Perkin-Elmer Model 21 spectrophotometer with rock-salt and potassium bromide optics. 

tra were taken from the liquids, from potassium chloride discs, from solutions in carbon 
tetrachloride and, where necessary, from solutions in carbon disulphide. Raman spectra were 
obtained from the liquids by means of a Hilger photoelectric recording spectrometer; depolaris- 
ation factors were measured by Edsall and Wilson’s technique.* Only those physical properties 
not already quoted in Table 1 are given below. 

Maierials.—A reagent grade of anhydrous potassium fluoride was used. It was dried and 
freed from hydrogen fluoride by prolonged heating at 400°. Sulphur dioxide was reagent grade 
liquid. Pure crystalline samples of the trimeric to hexameric chlorides were used; the higher 
fluorides were prepared from a mixture of chlorides from which the lower chlorides had been 
extracted by a method similar to that previously described.* 

Trimeric Phosphonitrilic Fluoride.—Liquid sulphur dioxide (80 ml., approx. 1-8 moles) was 
condensed on to trimeric phosphonitrilic chloride (200 g., 0-575 mole) and anhydrous potassium 
fluoride (300 g., 5-16 moles) (previously ground together) in a stainless-steel, rocking autoclave, 
which was then kept at 98—100° for 22 days. The volatile products were then transferred to a 
low-temperature still and the excess of sulphur dioxide (65 ml.) was fractionated off. The 
residue was fractionally distilled in a spinning-band column, and 115-3 g. (80% of theory) of 
material boiling in the range 49—49-8°/747 mm. were collected; it was a slightly yellow, 

ine solid containing a little sulphur. After sublimation it was colourless and had m. p. 
27-8°, b. p. 51-0° (reported * for P,N;F,, m. p. 27-8°, b. p. 51-0°). 

Tetrameric Phosphonitrilic Fluoride.—A similar experiment with tetrameric phosphonitrilic 
chloride (200 g., 0-431 mole) yielded 103 g. of tetrameric phosphonitrilic fluoride (72% of. 
theory); it had m. p. 30-5°, b. p. 89-0° (reported * for P,N,Fs, m. p. 30-5°, b. p. 89-7°). 

Pentameric Phosphonitrilic Fluoride.—A similar experiment with pentameric phosphonitrilic 
chloride (203 g., 0-350 mole), yielded 113-8 g. (78% of theory) of slightly impure liquid product. 
The yellow impurity was removed with activated charcoal, and on redistillation pentameric 
phosphonitrilic fluoride was obtained [Found: P, 36-8; N, 16-5; F, 45:2%; M, 415 (C). 
PN; Fy» requires P, 37-3; N, 16-9; F, 45-8%; M, 415]. Over the range 25—120°, the vapour 
pressure can be expressed by the equation logy, p = —2141-7/T + 8-3373. Over the range 
20—80°, the viscosity is given by logy) y (centipoises) = 556/T — 1-728 kcal. mole?. The 
solubility parameter was determined by measuring the mutual solubility temperature of equal 
volumes of pentameric phosphonitrilic fluoride and toluene, and calculating from the approx- 
imate expression 4RT, = (Vmn’ + Vm’’)(8, — 8,)?, in which T, is the mutual solution temperature 
of the two components with molar volumes Vy’, V,” and solubility parameters 8,, 8,. The 
measured solution temperature was 49-0°; for toluene V, = 112 ml. and 8 = 8-9, leading to 
§ = 6-1 for the pentameric fluoride. This compound was miscible with n-hexane (3 = 7-3) 
but immiscible with ethyl iodide (3 = 9-4) up to at least 70°. 

Hexameric Phosphonitrilic Fluoride.—This compound was prepared from the corresponding 
chloride (20 g., 28-8 millimoles) in the same way as the lower members of the series. A yield 
of 11 g. (77% of theory) of the hexameric phosphonitrilic fluoride was obtained [M, 506 (VM). 
P,N,F,, requires M, 498]. 

Higher Polymers.—The higher phosphonitrilic fluorides were prepared from a mixture of 
chlorides from which the trimer, tetramer, and most of the pentamer had been removed. After 
fluorination of the chloride oil in the way described above, the products were obtained partly 
by fractional distillation of the more volatile part (carried over with the excess of sulphur 
dioxide) and partly by extracting the solid residue in the autoclave with light petroleum (b. p. 
40—60°). From 611 g. of phosphonitrilic chloride oil in three experiments, 312 g. of mixed 
fluorides were obtained (71% of theory). The more volatile part (25-3 g.) contained: tetra- 
meric, 4; pentameric, 77; hexanieric, 17; higher phosphonitrilic fluorides, 2% (vapour-phase 
chromatographic analysis). The main product was a brown mobile liquid, which, on removal 
of the petroleum, deposited a small amount of a brown crystalline impurity, which was largely 
removed with activated charcoal. After purification, the product was found to consist of a 
mixture of phosphonitrilic fluorides contaminated with a little sulphur impurity (Found: 
P, 36-1; N, 16-7; F, 42-6; Cl, 0-5; ‘S, 10%). A vapour-phase chromatogram showed the 
presence of polymers up to at least the duodecamer. 

Part of this product was fractionally distilled under reduced pressure to give 18 fractions, 
which were recombined and redistilled to give the pure polymers from the heptamer to the 

* Edsall and Wilson, J. Chem. Phys., 1938, 6, 124. 
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undecamer. The progress of the fractionation was followed by vapour-phase chromatography, 
which showed that the polymers eventually obtained were better than 99% pure. Their 
retention times conformed to the equation logy, ¢, (min.) = 0-1176n — 0-432 within +0-1 min.; 
this relation was therefore used to determine the degree of polymerisation of the higher members 
of the series. Over the range 10—60°, the viscosity of the nonamer is given by the equation 
logig 4 (cp.) = 602/T — 1-512. Further details of these higher polymers are given in Table 2. 


TABLE 2. 
n in (PNF,), 7 8¢ 9 10 ll 12 13 14 
N (%)?® 16-9 16-8 16-8 16-8 16-8 — ~= — 
F (%)*® 45-7 45:3 45°5 45-4 45-3 
B. p. (at mm. 
pressure) ° 60—60-2° 80—81° 96—97° 91—91-5° 103—105° 143—148° 154—159° 166—170° 
(9°35) (12-5) (11-4) (4-25) (3-6) (12-65) (12-65) (12-65) 
V.P.C. retention 
time ¢ (min.) 
Obs. 2-46 3-17 4-15 5-51 7-34 9-8 13-2 16-4 
Calc. 2-46 3-23 4:23 5-55 7-28 9-53 13-40 16-37 


« M, 661. P,N,Fj, requires M, 664. ° (PNF,), requires N, 16-9; F,45-8%. ° The data for the 
three highest polymers are approximate only. ¢ The observed retention times of the polymers up 
to the undecamer together with those for the pentamer (1-59 min.) and hexamer (1-97 min.) were used 
to determine the formula quoted in the Experimental part. This formula was used to calculate the 
values given in the last row of the table. 


The purity of the three compounds (PNF;) 2, (PNF,),3, and (PNF,),, probably does not exceed 
90%, and the only physical property quoted is therefore an approximate b. p. Their individ- 
uality is nevertheless established by the agreement of calculated and observed retention times, 
and by the details of the infrared spectra shown in the Figure. Three further fractions were 
obtained (b. p.s 136—142°/1-7 mm., 143—148°/1-85 mm., and 152—157°/1-85 mm.). Their 
infrared spectra, after correction for a small amount of irrelevant absorption (see Figure), showed 
their main constituents to be the cyclic fluorides (PNF,),,, (PN¥F,),,, and (PNF,),, respectively. 
The observed retention times of these three fractions (22, 28, and 37 min., respectively) are 
consistent with this assignment but the peaks were too broad for accurate measurement. 


The authors thank Mr. J. K. Leary for determination of the refractive indices of the tetramer, 
Dr. J. R. B. Campbell for help with the vapour-phase chromatography, Mr. R. Harper and Mr. 
R. T. Baggott for help with the spectroscopy, Dr. L. G. Lund and Mr. P. B. Edwards for 
measurements of viscosity and temperature-coefficient of density, and Dr. W. S. Holmes for 
vapour-pressure data on the pentamer. 
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722. Macrocyclic Acetylenic Compounds. Part II. 
1,2:7,8-Dibenzocyclododeca-| ,7-diene-3,5,9,11-tetrayne. 


By O. M. Beur, G. Eciinton, A. R. GALBRAITH, and R. A. RAPHAEL. 





The product of the oxidative coupling of o-diethynylbenzene (IV) has 
been shown to be the strained hydrocarbon (V), the properties of which are 
described. Reduction of this product is accompanied by extensive trans- 
annular interactions with the formation of unexpected products. 


In previous communications }? details were given of a modification of the conventional 
Glaser procedure for the oxidative coupling of ethynyl compounds which has the advantage 
that the synthesis of macrocyclic systems containing the xy-diyne unit can be performed 
under high-dilution conditions. Application of this method to o-diethynylbenzene (IV) 


1 Eglinton and Galbraith, /., 1959, 889. 
* Eglinton and Galbraith, Chem. and Ind., 1956, 737. 
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furnished a hydrocarbon which was originally * tentatively assigned the unstrained 
“trimeric” formulation (VI). This paper now presents full details of the conclusive 
chemical evidence * which shows the substance to possess the extraordinary, highly-strained 
“ dimeric ’’ structure (V). 

The starting material, o-diethynylbenzene (IV), had been previously prepared by 
Deluchat > but his route was adjudged unsatisfactory on several counts and was con- 
siderably modified. The precursor, o-divinylbenzene, was obtained by Halford and 
Weissman’s procedure. By treatment with bromine in carbon tetrachloride, the diene 
gave a single tetrabromide (I) in 75% yield, although meso- and racemic forms are 
theoretically possible. The ¢rans-bromination of the first olefinic bond evidently exerts 
some stereochemical control over the addition of the second molecule of bromine to the 
remaining olefinic bond. Deluchat ® had reported that treatment of the tetrabromide 
with potassium ethoxide gave largely naphthalene—in itself an interesting observation— 
while sodium ethoxide gave a mixture containing the desired hydrocarbon (IV), o-di-(1- 
bromovinyl)benzene, and 1-1’-bromovinyl-2-ethynylbenzene in unspecified yields. The 
use of more selective reagents seemed advisable. However, attempted dehydrobromin- 
ation of the tetrabromide (I) with sodamide in liquid ammonia gave a mixture of two 
hydrocarbons, subsequently found to be 1-ethynyl-2-vinylbenzene (II) and o-diethynyl- 
benzene (IV). When this mixture was coupled in high dilution by the action of cupric ion, 
the only identifiable crystalline product was the colourless hydrocarbon 1,4-di-o-vinyl- 
phenylbutadiyne in about 20% yield. Proof of this structure followed from the analytical ~ 
and light-absorption data. Further, catalytic hydrogenation gave a benzenoid hydro- 
carbon, Cy5H,,, having infrared absorption at 1378 cm. (C-Me). The formation of the 
enyne (II) implies that the sodamide is effecting debromination as well as dehydrobromin- 
ation. There are a few precedents for this observation; sodamide, suspended in a hydro- 
carbon medium, was found by Bourguel’ to generate styrene as well as phenylacetylene 


t 
CH=CH CHBr- 
av) + 2 3 r-CH2Br \ CH=CHBr 4 C=CH 
C=CH CHBr-CH2Br CBr=CH, C#CH 
(II) (I) (III) (IV) 
Reagents: |, ButOK in ButOH. 2, ButOK in benzene. 3, NaNHg in NH. 


from 1’,1’-dibromoethylbenzene; 1’,2’-dibromoethylbenzene, however, is said® to react 
normally with sodamide. The tetrabromide has a rather overcrowded molecule and steric 
factors may well be important. Attempts to isolate the o-diethynylbenzene (IV) from the 
mixture by both physical (distillation and chromatography) and chemical (selective bromin- 
ation, and mercury-derivative formation) procedures were unsuccessful, and alternative 
dehydrohalogenating reagents were therefore examined. 

Potassium t-butoxide (2 mol.) in t-butyl alcohol and dioxan at 7° rapidly eliminated 
2 mol. of hydrogen bromide with the formation of the dibromo-diene (III; the establish- 
ment of this structure will appear in a further paper). Vigorous treatment of this product 
(III) with an excess of a solution of potassium t-butoxide in boiling benzene gave the 
required diyne (IV) in 70% yield [calc. from (I)]. Unexpectedly, sodamide in liquid 
ammonia was in this case also an unsatisfactory dehydrobrominating agent: the dibromo- 
diene (III) gave the diyne (IV) inonly 10% yield, the major portion being converted into a 
brown, bromine-containing polymer (the analogous a-bromostyrene gave phenylacetylene 
in only 45% yield under the same conditions, a polymeric residue again being formed). 
Anion-induced polymerisation involving the vinyl group may be the cause. The two-step 

* Eglinton and Galbraith, Proc. Chem. Soc., 1957, 350. 

* Behr, Eglinton, and Raphael, Chem. and Ind., 1959, 699. 

5 Deluchat, Compt. rend., 1931, 192, 1387. 

* Halford and Weissman, J. Org. Chem., 1952, 1646. 


? Bourguel, Ann. Chim. (France), 1925, 3, 191. 
§ Jacobs, Org. Reactions, Vol. V, p. 1. 
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potassium t-butoxide process is hence the preferred route to o-diethynylbenzene (IV). The 









































yield over seven stages from o-xylene is 13%. : 
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The high-dilution procedure employed for the oxidative coupling of o-diethynylbenzene 
(IV) was similar to that described earlier.» As the diyne readily forms an insoluble 
yellow-brown copper salt a large volume of the powerful pyridine—-methanol solvent pairis — 
required to avoid loss by precipitation. The minimum of entraining solvent, ether, is : 
employed for the same reason. The only substance that we were able to isolate from the [| 
reaction product was the yellow hydrocarbon (V). Reaction in more concentrated 
solution resulted only in lower yields of hydrocarbon (V) and the formation of insoluble 
copper derivatives and of polymeric material, there being no indication of the formation 
of any other hydrocarbon. 
Fic. 1. Infrared absorption of 1,2:7,8-dibenzocyclododeca-1,7-diene-3,5,9,11-tetrayne (V): (a) 8-15 x 
10-*m-solution in CCl,, 20 mm. path (NaCl; grating); (b) 2-14 x 10-*m-solution in CS,, 2 mm. path 
(NaCl; grating); (c) 3-80 x 10-°m-solution in CS,, 2 mm. path (KBr). 
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A number of structural possibilities for the hydrocarbon product had initially to be Ff = 
considered. Any non-cyclic polymer was put out of court immediately by the total absence [7 56 
of ethynyl absorption at 3300 cm.. The possibility that an enyne rather than a diyne Th 
linkage was formed by the coupling ® was improbable in view of the basic conditions wh 
employed; further, the infrared spectrum (Fig. 1) showed no indication of such a ur 
structural feature. Again, the nuclear magnetic resonance spectrum showed only a single, FF reg 
slightly asymmetric peak corresponding to the absorption of the benzene hydrogen atoms inne 
(for this and the other nuclear magnetic resonance spectra, and for their interpretation, we the 


thank Dr. N. Sheppard of Cambridge). This left for plausible consideration only a cyclic 
“ polymeric ” structure, of which (V) and (VI) are the first members. Obvious aspects of 
stereochemistry led to the initial belief that the rigidity of the o-diethynylbenzene unit 


® Akhtar and Weedon, Proc. Chem. Soc., 1958, 303. 
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would be maintained throughout the coupling reaction to produce the strainless cyclic 
“trimer ” (VI). 

The obvious step of molecular-weight determination to distinguish between the cyclic 
‘dimer’ and “‘ trimer ”’ proved difficult for some time because of the heat-lability and 
relative insolubility of the hydrocarbon. However, a determination by the thermistor- 
drop technique '° (for which we express our thanks to Dr. V. M. Clark of Cambridge) gave 
a value in close agreement with the “‘ dimer” formulation (V). This value was confirmed 
by an X-ray determination of the molecular weight involving determination of the 
dimensions of the unit cell’ and the density of a crystal of greater purity than 
that originally examined.* A structural X-ray analysis of the hydrocarbon ™ has since 


Fic. 2. Ultraviolet absorption of: A, compound (V); B, 1,4-diphenylbuta-1,3-diyne; C, o-diethynyl- 
benzene (IV). 


log € 








£.. l 1 1 1 1 
200 JOO 400 
Wavelength (my) 





conclusively shown the validity of the extraordinary strained ‘‘ dimeric’”’ structure (V) 
with its ‘‘ pair of ‘ bowed’ diacetylenic linkages.’”’ The instability of the substance is 
doubtless a consequence of this strained system. The ultraviolet absorption (Fig. 2) of 
the hydrocarbon is remarkable for its wealth of fine structure, several of the well-defined 
peaks being spaced at intervals of ca. 2200 cm.*, evidently corresponding to the C=C stretch- 
ing frequency; the yellow colour of the hydrocarbon is a consequence of the continuance 
of the absorption bands into the visible region. 

The infrared spectrum (Fig. 1) of the hydrocarbon clearly demonstrates the presence 
of the o-disubstituted benzene rings, there being only a single intense peak (753 cm.*, 
Av* = 3-5cm.+, e = 1530) in the 750 cm. region. Under similar conditions, o-diethynyl- 
benzene (IV), o-xylene, and tetralin had absorption maxima at 756 (Avj* = 5 cm.7}, « = 
564), 741 (Av,;* = 4 cm.1, e = 495), and 742 cm.*! (Avy* = 5 cm.-1, e = 356) respectively. 
There are four relatively weak (¢c = 10—50) bands at 1270, 1163, 1109, and 1035 cm. 
which probably correspond to the in-plane C-H bending modes,” the triply bonded 
substituents being classified as weak acceptors. The pattern in the 1700—2000 cm.*+ 
region, like the rest of the spectrum, is unusually simple and probably reflects the sym- 
metry of the molecule; most of the peaks are readily accountable as summation bands of 
the out-of-plane C-H deformations at 1005, 947, 910, and 753 cm.1.15 The main C-H 


10 Tyengar, Rec. Trav. chim., 1954, 73, 789. 

1 Grant and Speakman, Proc. Chem. Soc., 1959, 231. 

* Katritzky and Jones, J., 1959, 3670. 

a (a) Whiffen, Spectrochim. Acta, 1955, 7, 253; (b) Cava and Napier, J. Amer. Chem. Soc., 1958, 80, 
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stretching band at 3063 cm. is accompanied by several weaker peaks, a are probably 
combination bands (ref. 14a, page 65). The twin peaks at 2187 cm. (Avy* = 11 cm, 
¢ = 36) and at 2116 cm. (Av,* = 14cm.", ¢ = 14) must originate from the diyne systems, 
Their intensities are unusual, the peak at 2187 cm.+ having almost the same e as the 
vo-n at 3063 cm.*, whereas diphenyldiacetylene absorbs only weakly at 2216 (Av,* = 
25 cm. , e = 3) and 2147 cm. (Avj* = 20, « = 4). 

To confirm the degree of unsaturation of the hydrocarbon (V) it was hydrogenated 
catalytically over palladium-charcoal under conditions which quantitatively converted 
1,4-diphenylbutadiyne into 1,4-diphenylbutane. Absorption of hydrogen was extremely 


Fic. 4. Infrared maxima for solutions (not equi- 
molar) in CS, of: A, o-xylene; B, 1,2:5,6-di- 
benzocyclo-octa-1,5- diene; 16 6 C, ~=—s«1,2:5,,6:9,10- 


Fic. 3. Ultraviolet absorption of: A, compound tribenzocyclododeca-1,5,9-triene ; 1% D, compound 

































(VII); B, compound (IX); C, compound (X); (VIII); E, compound (X), m P' 
r : , ,m. p. 120—122°; F, 
D, compound (VIII). compound (X), m. p. 230—231°. 
/0 T 
sf 4 742-8 ‘s 754 
f 
p, 
s/t | 
? ater Sof | | 1 
4h : 735 | | 
' | \ | 
| | | 
’ _ | | 
» x | | 
s s ss = an | 
= 1 ~ 
> 
Q 
x 
so 74 
/ 
2+ . 74l | 
I 
L i | | 
250 300 350 | | J\ 
Wavelength (my) ‘ > meet = kt 
800 750 700 





300 750 700 
800 750 700 
Freguency (cm) 


rapid but ceased when only 68% of the theoretical volume for 4 triple bonds had been 
taken up. From the product a crystalline hydrocarbon, C,,H,,4, m. p. 300—302° (3%), 
was isolated very easily in spite of its low concentration because of its extreme insolubility. 
The ultraviolet absorption (Fig. 3) strongly resembled that of fluorene and the compound 
was speedily identified as the known “ ¢rans-fluorenacene ” (5,11-dihydroindeno{[1,2-b}- 
fluorene) (VII) by direct comparison with a genuine sample. This correlation with a 
known compound first clinched the molecular size of the hydrocarbon (V) at a time when 
the above conclusive physical measurements were not yet available. 

The main products of the catalytic hydrogenation were isolated by careful chrom- 
atography and crystallisation. The major hydrocarbon component, C,)H,,, m. p. 103— 
105° (50%), showed spectral characteristics [ultraviolet (Fig. 3), infrared (Fig. 4), and 
nuclear magnetic resonance] closely resembling those of tetralin and diethylbenzene and 
was undoubtedly the expected hydrogenation product (VIII). The second substantial 
constituent, a hydrocarbon C,,H,,, m. p. 117—119° (38%), was provisionally allotted the 


1 (a) Bellamy, “‘ The Infra-Red Spectra of Complex Molecules,’”” Methuen and Co., London, 1958, p. 
77; (b) Dannenberg and Rahman, Chem. Ber., 1955, 88, 1405. 

18 Deuschel, Helv. Chim. Acta, 1951, 2463; sample kindly provided by Prof. L. Chardonnens, The 
University, Fribourg, Switzerland. 
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structure (IX) on the following grounds: The ultraviolet absorption (Fig. 3) was strongly 
suggestive of an «f-disubstituted naphthalene, a contention further substantiated by the 
infrared 14 evidence (Fig. 5). The mass-spectrogram of its breakdown fragments was fully 
consistent with a structure containing benzindane, methylnaphthalene, and toluene residues 
(we are indebted to Dr. R. I. Reed of this Department for this information). It was found, 
very remarkably, that this naphthalene was the sole detectable product of the palladium- 
induced catalytic dehydrogenation at 320° of the hydrocarbon (VIII); that compound (IX) 
is formed under these circumstances suggests the thermodynamically more stable cis-fusion 
of the two five-membered rings."* 
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(VII) (VIII) (IX) 
Reagents: |, Pd-C,Hg. 2, Nain NHs. 3, Pd-C, 300°. 
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The proportions of the above compounds in the product of hydrogenation of hydro- 
carbon (V) were conveniently assessed by gas-liquid chromatography ” which also 
indicated traces of other substances not further investigated. Calculation of the hydrogen 
uptake derived from these found proportions amounted to ca. 70%, an excellent, if surpris- 
ing, correlation with the 68°, estimated earlier. 
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Fic. 5. Infrared spectra (0-5 mm. path) of S 50 
solutions in CS, of: (a) compound (IX), ‘2 
0-056m; (b) 1,2-dimethyinaphthalene, & 
0-028m, and indane, 0-028M; (c) 2,3-di- § 
methylnaphthalene, 0-028m, and indane, 2 
0:028m. xX 
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As we had already found that sodium-ammonia reduction of 1,4-diphenylbutadiyne 
had yielded roughly equal amounts of 1,4-diphenylbutane and trans-1,4-diphenylbut-2-ene, 
we examined the effect of this reducing agent on the hydrocarbon (V). Gas-—liquid chrom- 
atography showed the product to be considerably more complex than that derived by 
catalytic reduction. Peaks corresponding to the hydrocarbon (VIII) (ca. 10%) and the 
“naphthalene ”’ (IX) (ca. 10°) were apparent, but the two biggest peaks (ca. 20 and 50%) 
corresponded to two of the constituents observed only in traces in the gas-liquid 
chromatogram of the catalytic-hydrogenation mixture. These two major components 

16 Cook and Linstead, J., 1934, 946. 


" Eglinton, Hamilton, Hodges, and Raphael, Chem. and Ind., 1959, 955. 
6 a2 
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were isolated and proved to be isomeric hydrocarbons, Cy9Ho, m. p.s 230—231° and 
120—122°. The fact that both were smoothly dehydrogenated to the same “ fluorenacene” 
(VII) suggested that they were two stereoisomers of structure (X). Their almost identica] 
ultraviolet spectra (Fig. 3) resembled closely in their maxima those of 1,2-dimethylindane 
with double the relevant intensities. Further, the infrared spectra showed no C-methyl 
groups but clearly indicated o-disubstituted benzene rings (Fig. 4). Evidently additional 
factors, presumably of a steric nature, other than strain in an attached ring, are capable of 
seriously perturbing the “ umbrella ’’ C-H out-of-plane deformation mode ™ (cf. A.P.I. 
project 44, spectra numbers 678, 1419, 1511, 1585, 1599, 1709). The nuclear magnetic 
resonance spectrum of the 120° isomer conclusively showed the absence of olefinic or methyl 
hydrogen; diffuse absorption, typical of rigid alicyclic systems occurred between o = 2 
and 4 (maximum at 2-7 corresponded to benzylic CH,). A further indication of the close 
relationship of these two hydrocarbons was provided by the finding that the 120° com- 
pound appeared to be partly converted into the 230° hydrocarbon during gas-liquid 
chromatography, the degree of isomerisation being dependent on the contact time. How- 
ever, we have been unable to effect this conversion under other circumstances. 

The occurrence of extensive transannular reactions under reducing conditions of such 
mildness seems to be unprecedented and offers a wide field for speculation. Although 
paper schemes to account for the products may be readily devised, more concrete 
suggestions must await further experimental evidence. 


EXPERIMENTAL 


General.—The following conditions for the physicochemical measurements apply unless 
otherwise stated. M. p.s were measured on a Kofler hot Stage and are corrected; ultraviolet 
spectra were generally measured on solutions in cyclohexane, by means of a Unicam S.P. 500 
spectrophotometer; infrared survey measurements were recorded on a Perkin-Elmer Model 13 
or 117, and precise measurements on a Unicam S.P. 100 prism-grating spectrometer (only 
significant peaks in the infrared region are reported). Nuclear magnetic resonance measure- 
ments, which are relative to cyclohexane as internal standard (6 = +3-9), were kindly made on 
a Varian 40 Mc./sec. machine by Dr. N. Sheppard of the University Chemical Laboratories, 
Cambridge. Micro-Rast molecular-weight determinations were made 1% on 1-0—1-3 mg. of 
substance in ca. 11 mg. of camphor; standard substances, e.g., 1,2:5,6:9,10-tribenzocyclododeca- 
1,5,9-triene 18° and 1,4-diphenylbutane, gave results ca. 15% below the theoretical value. 
Other molecular-weight measurements,’ kindly performed by Dr. V. M. Clark of Cambridge, 
were made in specially purified methylene chloride; standardisation with 1,4-diphenylbutane 
gave values ca. 4% low. Gas-liquid chromatograms !? were run on a Pye “‘ Argon ”’ chrom- 
atograph with a 4 ft. column of 100—120 mesh Celite, with 5% Apiezon “‘L’’ as stationary 
phase, at ca. 220° and flow rates of ca. 30—50 ml./min. The relative amounts of eluates were 
based on measurement of peak areas, not weight standardisation, and the quantitative results 
therefore depend on uniform detector response. The alumina for chromatography was acid- 
washed, neutralised, and standardised according to Brockmann’s method; Grade I was used. 
Light petroleum was of b. p. 40—60°. 

o-Divinylbenzene.—A slight modification of the recorded route was used.* In the prepar- 
ation of o-di(ethoxycarbonylmethyl)benzene from o-di(cyanomethyl)benzene, the pure nitrile 
was not isolated; this raised the overall yield from o-di(bromomethyl)benzene from 58% to 
82%. It was also found unnecessary to purify the o-di-(2-hydroxyethyl)benzene before 
dehydration; thorough ether-extraction of the diol was important. Contrary to previous 
reports,® o-divinylbenzene was found to polymerise slowly to a viscous glass. 

o-Di-(1’,2’-dibromoethyl) benzene (1).—Bromine (610 g.) in carbon tetrachloride (830 ml.) was 
added dropwise to a solution of o-divinylbenzene (250 g.) in carbon tetrachloride (250 ml.), 
cooled in ice and stirred with a vibro-mixer. After addition of about 85% of the bromine, no 
further reaction appeared to take place. When all the bromine had been added, one-third of 


18 (a) Dr. A. Bernhard, Max-Planck-Institut, mee aera (b) we are indebted to Dr. F. G. Mann, 
F.R.S., for samples of these compounds. 
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the solvent was removed under reduced pressure and the residue left overnight at —10°. The 
resultant crystalline deposit was collected, the volume of solvent again reduced, and a further 
crop obtained. The crude crystalline product was washed with light petroleum to give the 
tetrabromide (565 g., 66%) as light pink crystals. These were recrystallised from light petroleum 
(b. p. 60—80°) to give colourless plates m. p. 72—74° (Deluchat ® reports m. p. 71—74°) (Found: 
C, 26°85; H, 2-45; Br, 70-9. C, 9H, Br, requires C, 26-65; H, 2-40; Br, 709%). Further 
treatment of the residues from the mother-liquors with ethanol-ether, and cooling to —10° 
yielded additional tetrabromide (80 g., 9%) of satisfactory purity. The remaining mother- 
liquors appeared to contain partially brominated and polymeric material. 

Treatment of the Tetrabromide (1) with Sodamide in Liquid Ammonia.—Sodium (6 g.) was 
converted into sodamide in liquid ammonia (200 ml.), ferric nitrate being used as catalyst.1* The 
tetrabromide (17 g.) in ether (150 ml.) was added during 5 min. and the mixture left for 30 min. 
Excess of sodamide was decomposed with ammonium chloride (25 g.), and the ammonia allowed 
to evaporate. Ether-extraction afforded a dark oil from which, on distillation, was obtained a 
mixture of o-diethynylbenzene (IV) and 1l-ethynyl-2-vinylbenzene (II) as a colourless liquid 
(4g.), b. p. 60—64°/1 mm., ,”° 1-5880, vmgx. (liquid film) 3275, 2100, 1825, 1620, 995, 915, and 
763cm."1. A Lassaigne test for bromine was negative. Several attempts were made to separate 
or to remove the o-diethynylbenzene by a preferential reaction. Addition of bromine lacked 
sufficient specificity, while chromatography on alumina in light petroleum achieved only partial 
separation. Addition of excess of potassium mercuri-iodide solution afforded a precipitate 
of mercury derivatives. That of l-ethynyl-2-vinylbenzene could be extracted with benzene, 
as needles m. p. 115°, Amax, 242, 264, 278, and 292 my (log « 4-72, 4-51, 4-62, and 4-63). The 
insoluble polymeric derivative containing o-diethynylbenzene units remained, but treatment 
with alkaline potassium cyanide proved unexpectedly ineffective in liberating the parent 
acetylene. The mercury derivative of phenylacetylene similarly prepared had Amax, 250, 258, 
270, and 278 mu (log ¢ 4-40, 4-63, 4-69, and 4-56). 

Oxidative Coupling of the Above Reaction Product.—To a solution of cupric acetate (6 g.) in 
pyridine-methanol-ether (3: 3:1; 350 ml.), heated under reflux, a solution of the product 
(1 g.) from the above reaction in ether (150 ml.) was added dropwise in 3 hr. under high-dilution 
conditions. After a further 3 hours’ heating, the solution was evaporated to small volume, 
acidified, and extracted with ether. The neutral fraction afforded a sticky solid, extraction of 
which with light petroleum followed by chromatography on alumina yielded di-(o-vinylphenyl)- 
butadiyne as colourless needles (200 mg.), m. p. 104—105° (from methanol) [Found: C, 94-2; 
H, 5-5%; M (Rast) 252. C,.9H,, requires C, 94-5; H, 5-5%; M, 254], vmax (mull) 2100, 1620, 
995, 906, 768, and 752 cm."1, Amax (in hexane) 242, 283, 300, 321, 344 my (log c 4-88, 4-45, 4-54, 
4-56, 4-47). It absorbed bromine more quickly than did diphenylbutadiyne, but the addition 
was not selective. 

Hydrogenation of the hydrocarbon (313 mg.) over Adams'’s catalyst in ethyl acetate for 5 hr. 
resulted in the uptake of 272 ml. (theor. 317 ml.)._ The solution, after passage through alumina 
and distillation, gave 1,4-di-(o-ethylphenyl)butane (150 mg.), b. p. 180—190° (bath)/1 mm., »,*4 
1-5382 (Found: C, 90-0; H, 10-1. C,9H,, requires C, 90-2; H, 9°8%), Vmax. (film) 1378, 754 cm.-! 
and typical aromatic and aliphatic absorption. 

1-1’-Bromovinyl-2-trans-2’-bromovinylbenzene (III).—Potassium (3-93 g., 0-1 g.-atom) was 
dissolved in t-butyl alcohol (250 ml.), dioxan (20 ml.) was added, and the solution cooled to 
ca. 15°. This solution was added dropwise to a vigorously stirred, ice-cooled solution of the 
tetrabromide (23-5 g., 52 mmoles) in dioxan (50 ml.), the temperature being kept below 7°; a 
pale brown precipitate was formed almost immediately. The solvents were then removed under 
nitrogen (55 mm., bath temp. 25—30°). The residue was treated with 1-5% hydrochloric acid 
and thoroughly extracted with ether. The extract was washed, dried (Na,SO,) and evaporated 
under reduced pressure, to give the dibromo-compound (15-0 g.) as a pale orange oil of satisfactory 
purity. The infrared spectrum and a gas-liquid chromatogram (177°) showed this material, 
which was used as such in the next experiment, to be almost pure. A portion, distilled, had 
b. p. 80° (bath)/4 x 10 mm., ,** 1-6385 (Found: C, 41-95; H, 3-1; Br, 55-25. C, H,Br, 
requires C, 41-7; H, 2-8; Br, 55-5%) [Deluchat ® recorded b. p. 125—216°/2 mm., n,,* 1-6366 
for the dibromo-compound obtained by the action of sodium ethoxide on the tetrabromide (I)], 
Vmax. (film), 3040w, 1620sh, 1605m, 1218m, 935s, (trans-CH=CHBr), 901s (C=CH,), 762s, 
730m br. cm.71. 


1 Vaughn, Vogt, and Nieuwland, J. Amer. Chem. Soc., 1934, 56, 2120. 
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When sodium ethoxide in ethanol was used * in the dehydrohalogenation, the mixture 
being heated only briefly (1 min.), the product was less homogeneous. Attempts to 
carry the dehydrohalogenation (potassium t-butoxide) through to the diyne in one step were 
unsuccessful. 

o-Diethynylbenzene (IV).—Potassium (6-32 g., 0-16 g.-atom) was dissolved in t-butyl alcohol 
(ca. 400 ml.). After the alcohol had been removed under reduced pressure, the potassium 
t-butoxide was dissolved in dry benzene (ca. 600 ml.) and the opalescent solution then heated 
under reflux with stirring (Hirshberg stirrer). A solution of 1-1’-bromoviny]-2-tvans-2’-bromo- 
vinylbenzene (15-0 g., 52 mmoles) in dry benzene (100 ml.) was then added and the mixture 
stirred and heated for 4 hr. During the reaction, aliquot parts were removed and worked 
up and their infrared spectra inspected for the presence of absorption at 1650 cm. due to C=C; 
after 3-5 hr. this absorption had disappeared (continuing the reaction after the dehydrobromin- 
ation was complete was detrimental to the yield). The mixture was cooled, ether (ca. 100 ml) 
was added, and the whole shaken with dilute hydrochloric acid. The organic layer was washed, 
dried, and evaporated to give a dark red oil which was distilled at 80° (bath)/10 mm. _ Redistil- 
lation gave o-diethynylbenzene (4-6 g., 70%) as an almost colourless oil, b. p. 80—82°/14 mm. 
n,*° 1-5900 (Deluchat * reported b. p. 80—82°/14 mm., "5 1-5915) (Found: C, 94-95; H, 5-0, 
CyoH, requires C, 95-2; H, 4-8%). On one occasion the compound decomposed violently on 
attempted distillation. Amax (in hexane) were at 217, 222, 227, 251, 256, 264 my (log e 4-54, 
4-50, 4-71, 4-13, 4-10, 4°10), vnax. (in CCl,) at 3312s, 2107w, (in CS,) 756cm.. o0-Diethylbenzene 
was formed on hydrogenation of a small portion over palladium-—charcoal (10%) in ethyl acetate 
and was identified by comparison of its infrared spectrum with spectrum number 1419 of API 
project 44. 

1,2:7,8-Dibenzocyclododeca-1,7-diene-3,5,9,11-tetvayne (V).—Anhydrous cupric acetate (121 
g., 67 mmoles) was dissolved in a mixture of dry pyridine (600 ml.), and methanol (600 ml.) and 
ether (100 ml.) were then added. o-Diethynylbenzene (1-97 g., 15 mmoles) in 1: 1 pyridine- 
methanol (400 ml.) was added in 5-5 hr. to the copper acetate solution, the high-dilution 
technique ! being used. The dark green solution was heated under reflux for a further 45 min., 
set aside overnight, and filtered through a sintered-glass-funnel. It was then poured on toa 
stirred mixture of 50 v/v% sulphuric acid (700 ml.), ice (ca. 1 kg.), and ether (500 ml.), more ice 
being added to keep the temperature below 15°. Three layers were formed—the upper ether 
layer, a brown-green emulsion, and the aqueous layer. The last two were thoroughly extracted 
with ether, and the combined ether extracts washed with dilute sulphuric acid, water, and 
sodium carbonate solution, and dried (Na,SO,). The bulk of the solvent was removed under 
reduced pressure in a stream of nitrogen (bath temp. <30°), and the last 50 ml. were removed 
at room temperature. Benzene (40 ml.) was then added, the mixture warmed gently and 
filtered from an insoluble cream residue (ca. 100 mg.). The filtrate was immediately chromato- 
graphed on alumina (Type H; 190 g.). Elution of the bright yellow band with benzene 
(250 ml.) gave a dark orange solution of the hydrocarbon (842 mg., 43%, spectroscopic estim- 
ation based on the intensity of the 304 my absorption band). Slow crystallisation from benzene 
at ca. 0° yielded the pure hydrocarbon as canary-yellow needles [Found: C, 96-8; H, 3-55%; 
M (thermistor drop),!° 245. C, ,H, requires C, 96-75; H, 3:25%; M, 248], vmax (in CCl,; grat- 
ing spectrometer) 3112, 3085, 3063, 3026, 2187, 2116, 1953, 1920, 1889, 1852, 1816, 1747, 1698, 
(in CS,) 1270, 1163, 1035, 947, 754, 692 (KBr prism) 476 cm."}, Amax, (in cyclohexane) 192, 215, 
221, 244, 252, 269, 285, 304 my (log « 4-68, 4-69, 4-69, 4-57, 4-55, 4-31, 4-84, 5-08) (in C,H,) 338, 
346, 351, 362-5, 374-5 382-5, 392, 465, 415, 433 my (log e 3-57, 3-53, 3-61, 3-83, 3-18, 3-08, 3-13, 
3-07, 2-89, 2-92), Amin, (in cyclohexane) 204, 217, 237, 249-5, 260, 274-5, 292 (log « 4-62, 4-68, 4-46, 
4-24, 3-52, 3-91, 4-21), (in C,H,) 332, 342-5, 348-5, 356, 372, 379-5, 387, 402, 412-5, 428 my (loge 
3-41, 3-45, 3-50, 3-32, 3-15, 3-05, 2-99, 2-99, 2-88, 2-69) (Cary model 11; we are indebted to 
Dr. R. S. M. Smellie for this determination). The yellow colour and associated long-wave 
absorption (395—450 my) were established as characteristic features of the pure hydrocarbon 
by examination of successive fractions eluted from a benzene chromatogram of the hydro- 
carbon over alumina: the relative intensities of the peaks were found to be constant. Nuclear 
magnetic resonance measurements gave only one peak (with fine structure) at o = —1-80 
(in dioxan), 6 = —1-75 (in CH,Cl,). 

The best crystallisation solvent was benzene (solubility: 6 mg./ml. at 20°, 10 mg./ml. at 
55°). The hydrocarbon is, however, moderately soluble in tetrahydrofuran and slightly soluble 
in ether, dioxan, carbon tetrachloride (2 mg./ml.), chloroform, methylene chloride (1 mg./m1.), 
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ethyl acetate, n-hexane, cyclohexane (1 mg./100 ml.), and pyridine. The hydrocarbon is 
unstable in the crystalline state, decomposing explosively when ground (¢.g., during the prepar- 
ation of a Nujol mull) or when heated above 80°. After a few days at room temperature, either 
in air or a vacuum, in the light or in the dark, the crystals, though unchanged in shape, are 
black, insoluble, and no longer give a distinct X-ray diffraction pattern. Storage in the solid 
state is feasible for several weeks at — 5°, though it is better to store the compound as a benzene 
solution. It is more stable in pyridine than in benzene; for instance, a dilute solution of the 
hydrocarbon (ca. 1 mg./2 ml.) in pyridine darkened only slowly at 100°, whereas a similar 
solution in benzene at 80° charred after a few minutes. The density of the hydrocarbon was 
determined by flotation of a large crystal (ca. 5 mm. Xx 0-1 mm.; very small crystals were 
unduly sensitive to convection effects) in an aqueous solution of zinc chloride whose density 
was then measured. Adsorbed and dissolved air were removed from the crystal and the solution 
respectively at the water pump in 15 min. Found: dj = 1-283 (from dioxan), 1-306 (from 
benzene). The dimensions of the unit cell were: 4" @ = 28-3, b = 3-87, c = 11-5A (8 = 90°); 
hence for four molecules of M 248 the required density is d = 1-308. 

The isolation procedure described was superior to that involving the removal of the solvent 
under reduced pressure, acidification of the residue, and extraction with ether, as less of the 
product decomposed. 

The hydrocarbon formed a 1: 1 complex with trinitrofluorenone,” as red needles, m. p. 160° 
(decomp.) (from acetic acid) (Found: C, 70-5; H, 2-8; N, 7-7. Cy9H,,C,3;HsN,O, requires C, 
70-4; H, 2-4; N, 7-5%). Hexanitrosobenzene *! in ethanol-acetic acid (4:1) did not form a 
complex. 

Catalytic Hydrogenation of 1,2:7,8-Dibenzocyclododeca-1,7-diene-3,5,9,11-tetrayne (V).—A 
solution of the hydrocarbon (806 mg., 3-2 mmoles) in tetrahydrofuran (40 ml.) was added to 
10% palladium—charcoal (1643 mg.; ‘‘ Baker ’’) which had been prehydrogenated under ethyl 
acetate, and the hydrogenation carried out in the usual manner. The uptake was 382 ml. 
(16-1 mmoles) of hydrogen (68%) after 5 hr., most of the hydrogen (60%) being taken up in the 
first 10 min. Evaporation of the solvent, together with the hot chloroform used for extraction 
of the catalyst, left an oil (564 mg.), trituration of which with ether yielded colourless crystals. 
This solid, after sublimation, at 210°/10-* mm. was identified as “‘ trans-fluorenacene ’’ [5,11-di- 
hydroindeno(1,2-b)fluorene] (VII), m. p. 300—302° (sealed tube; uncorr.) (Found: C, 94-3; 
H, 5°8. Calc. for CygH,,: C, 94:45; H, 5-55%), vax. (KCI disc) 955m, 870m, 770s, 730s cm.7. 
Infrared and ultraviolet absorption spectra (in ether) were identical with those of a genuine 
sample; * the mixed m. p., 298—300°, was undepressed. The residual oil was chromato- 
graphed on alumina (40 g.). 

(a) Elution with light petroleum (b. p. 60—80°) yielded a colourless oil (263 mg.), tr'turation 
of which with methanol-ether led to the deposition of 1,2:7,8-dibenzocyclododeca-1,7-diene 
(VIII) (ca. 100 mg.), which crystallised from ethanol in colourless needles, m. p. 103—105° 
[Found: C, 90-8; H, 8-95%; M, 224 (micro-Rast). (C,)9H,, requires C, 90-85; H, 9-15%; 
M, 264), Vmax, (in CS,) 765, 756, 740 cm. [no absorption near 1370 cm. (CHs)], Amax, (in cyclo- 
hexane) 266-5, 274 my (log ¢ 2-91, 2-88), Amin 237, 271 my (log € 1-90, 2-72). Tetralin ** has 
Amax, (in iso-octane) 267, 273 my (log e 2-77, 2-77). The nuclear magnetic resonance spectrum 
showed bands with fine structure at o = —1-90 (aromatic CH), + 2-37 (benzylic CH,), and 
+3-45 (saturated CH,); 1,4-diphenylbutane and tetralin had similar absorption. 

(6) Benzene-light petroleum (1:9) yielded an oil (146 mg.), which after trituration with 
ether-ethanol deposited crystals (ca. 30 mg.), recrystallisation of which from methanol gave a 
“naphthalene derivative,” probably 5,6-dihydrobenz[e]indeno[1,2-ajindene (IX) as colourless 
plates, m. p. 117—119° [Found: C, 93-6; H, 65%; M, 235 (micro-Rast). C, 9H,, requires C, 
93-7; H, 6-3%; M, 256]. The,mass spectrogram showed peaks at mass numbers 91, 115, 141, 
142, 166, and 256 (parent peak). Structure (IX) is consistent with this pattern in view of the 
known propensity for fission at benzylic carbons. Thus, the peaks at 115, 141, and 142 
normally occur in the cracking pattern of a methylnaphthalene or a methylenenaphthalene 
(C,,H,, 141) fragment. Mass numbers 91 and 166 probably represent the benzyl (C,H,, 91) and 
benzindane (C,;H,», 166) fragments respectively. This product had vx (in CS,) 870, 804, 766, 
749, 741, cm."}, Amax, (in cyclohexane) 236, 268, 275, 310, 316, 324 my (log ¢ 4-82, 3-75, 3-82, 3-03, 

* Newman and Lutz, J. Amer. Chem. Soc., 1956, 78, 1956. 


"| Bailey and Case, Proc. Chem. Soc., 1957, 176; we are indebted to Dr. Bailey for a sample. 
2 API Project 44, No. 133. 
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2-92, and 3-09 respectively), Amin, 248 (log ¢ 3-37). 2,3-Benzindane * has Aga, (in EtOH) 322, 
315, 310, 292, 285, 280, 276, 270, 264, 228 my (log ¢ 3-38, 3-03, 3-62, 3-65, 3-73, 3-70, 3-62, 3-54, 
and 4-99 respectively). 

(c) Elution with benzene yielded a red oil (34 mg.), from which, on treatment with ether and 
very slow evaporation, a further small quantity of the dihydroindeno({1,2-b]-fluorene (VII) 
separated. 

The gas-liquid chromatogram (214°; 40 ml./min.) of the crude reduction product showed 
that the hydrocarbons (VIII), m. p. 103° (R.T. 20 min.), and (IX), m. p. 117° (R.T. 35 min), 
constitute 50% and 38% of the mixture respectively. Six other peaks were noted. The hydro- 
carbon (VII), m. p. 300°, which gave a broad peak (R.T. 47 min., 75 ml./min.) too weak to be 
measured, was estimated, from the amount isolated, to constitute at least 3% of the product. 

The two low-melting products, (VIII) and (IX), are very soluble and tend to crystallise 
together, and consequently only relatively small amounts of pure material were isolated. 

Sodium-Liquid Ammonia Reduction of 1,4-Diphenylbuta-1,3-diyne (with J. W. Purptr).— 
A solution of the diyne (1-10 g., 5 mmoles) in dry tetrahydrofuran (50 ml.) was added slowly toa 
solution of sodium (920 mg., 40 milli-atom-equiv.) in liquid ammonia (300 ml.), the colour 
changing from blue through violet and red to a dull orange. More sodium (1-84 g.) was then 
added, the mixture becoming green, then blue. The volume was increased to 500 ml. with 
liquid ammonia, and the mixture stirred for 2 hr., after which dry ammonium chloride was 
added slowly until the colour changed to pale yellow. After evaporation of the ammonia the 
residue was treated with 6N-hydrochloric acid (50 ml.) and extracted with ether. The neutral 
fraction was chromatographed on alumina (grade III; 30 g.). Elution with light petroleum 
yielded a colourless oil, the infrared spectrum of which demonstrated the presence of non- 
conjugated ethylenic material, vp, (film) 966 cm. (tvans C=C), Amax (in cyclohexane) 260 my 
(log ¢ 2-77). 

A portion of the oil (42 mg., 0-208 mmole) was hydrogenated in ethyl acetate over 10% 
palladium—charcoal, resulting in a hydrogen uptake of 0-114 mmole and the formation of 1,4-di- 
phenylbutane [vmax, (in Nujol) 745, 698 cm.“]. 

Sodium-—Liquid Ammonia Reduction of 1,2:7,8-Dibenzocyclodedeca-1,7-diene-3,5,9,11-tetrayne 
(V).—A solution of the hydrocarbon [1-3 g., 5-2 mmoles, (spectroscopic estimation)] in tetra- 
hydrofuran (100 ml.) was added slowly to a solution of sodium (1-70 g.) in liquid ammonia 
(300 ml.). More sodium (4-9 g.) was then added and the volume of the mixture increased to 
750 ml. by addition of liquid ammonia. After 2 hours’ stirring ammonium chloride (dried for 
12 hr. at 120°; omission of this precaution gave rise to increased carbonyl absorption in the 
product) was added slowly, the blue solution becoming colourless. The ammonia was allowed 
to evaporate overnight and the residue then dissolved in 6N-hydrochloric acid (200 ml.) and 
extracted with ether. The extract was washed with saturated sodium carbonate solution, 
dried (Na,SO,), and evaporated. The residual yellow oil (1-367 g.), Vmax. (film) 1750s, 1700s cm.* 
(carbonyl impurity) was chromatographed in benzene-light petroleum (1: 1) on alumina (type 
O; 100g.). Three fractions were obtained. Elution (a) with benzene-light petroleum (1 : 19; 
400 ml.) yielded a colourless gum (821 mg., 3-3 mmoles), (b) with benzene-—light petroleum 
(1:2; 300 ml.) yielded a yellow gum (150 mg.), vmax, 970m cm.~1, and (c) with ether (200 ml.) 
yielded a brown gum (160 mg.). Fractions (b) and (c) were not further examined. 

Fraction (a) on hydrogenation over platinum oxide (190 mg.) in ethyl acetate containing one 
drop of perchloric acid absorbed only 2-28 ml. (0-1 mmole) after 85 min. The resulting gum 
(760 mg.) when triturated with ether deposited a precipitate (40 mg.) which after crystallisation 
from chloroform-ether furnished 46,5,5a,10b,11,1la-hexahydroindeno[1,2-b]fluorene (X), a-form, 
as rectangular plates, m. p. 230—231° [Found: C, 92-4; H, 7-9%; M (thermistor drop) 245 (in 
CHCI,). CgoHo9 requires C, 92-25; H, 7-75%; M, 260], vmax. (in CS,) 741 cm. [no absorption 
near 1370 cm.? (C-CH,)], Amax. (in cyclohexane) 260-5, 266-5, 273 my (log ¢ 3-18, 3-39, 3-41), 
Amin, 233, 262-5, 270 my (log e 2-02, 3-15, 3-00). 1,2-Dimethylindane *4 (in iso-octane) has Amer 
260, 267, 273 my (log ¢ 2-90, 3-10, 3-16) Amin, 232, 264, 270 (log 1-52, 2-85, 2-63). The ethereal 
mother-liquor was concentrated and chromatographed on alumina (100 g.), and 50 ml. fractions 
were collected. Elution with light petroleum (b. p. 60—80°; 650 ml.) yielded crystalline and 
partially crystalline fractions (468 mg.). The combined fourth and fifth fractions were 

*3 Friedel and Orchin, ‘‘ Ultraviolet Spectra of Aromatic Compounds,” Chapman and Hall Ltd., 


London, 1951, No. 214. 
#4 Entel, Ruof, and Howard, Analyt. Chem., 1953, 25, 1304. 









“4 


eo ee 


: 












322, 
3-54, 


r and 
(VII) 


owed 
nin.), 
ydro- 
to be 
ct. 

allise 


E).— 
ytoa 
olour 
then 
with 
: was 
a the 
utral 
leum 
non- 
0 mu 


10% 
,4-di- 


yayne 
etra- 
nonia 
ed to 
d for 
n the 
owed 
) and 
ition, 
cm. 
(type 
7. 
leum 
) ml.) 


g one 
gum 
ation 
form, 
45 (in 
ption 
3-41), 
ai 
ereal 
‘tions 
> and 
were 


Ltd., 









H 


57 RN 


Sere Sie 


[1960] Macrocyclic Acetylenic Compounds. Part II. 3625 


recrystallised several times from methanol-ether, to give 4b,5,5a,10b,11,1la-hexahydroindeno- 
[1,2-b]/luorene (X), B-form, as long needles, m. p. 120—122° (Found: C, 91-9; H, 8-05%; M 
(thermistor drop), 259 (in CHCI,), 246 (in CH,Cl,)], vmax. (in CS,) 769, 741, 735, 722 cm.™ [no 
absorption near 1370 cm. (C-CH;)], Amax. (in n-hexane) 260-5, 267, 273-5 my (log ¢ 3-33, 3-45, 
3-45), Amin, 234, 262-5, 271 mp (log ¢ 2-47, 3-30, 3-19). Nuclear magnetic resonance showed 
bands at o —1-65 (aromatic CH) and diffuse absorption between o 2 and 4 with a maximum at 
62:7. The benzylic methylene in tetralin and 1,4-diphenylbutane shows absorption at o 2-7; 
the broad absorption regions are typical of rigid systems. Elution with increasing proportions 
of benzene, up to pure benzene, provided a further 155 mg. of semicrystalline material, which 
was not further examined. Gas-liquid chromatography (224°; 20 ml./min.) showed that the 
crude product, before alumina chromatography, contained «a-isomer (R.T. 18 min., 21%), 
g-isomer (R.T. 16 min., 48%), 1,2:7,8-dibenzocyclododeca-1,7-diene (VIII) (R.T. 14 min., 8%), 
the “‘ naphthalene”’ (IX) (R.T. 28 min., 7%), and at least four other minor components. 
Immediately after this chromatogram had been run, a pure sample of the B-isomer was 
chromatographed to determine the inherent degree of isomerisation. The proportions given 
are therefore corrected. 

Isomerisation of B- to a-4b,5,5a,10b,11,1la-Hexahydroindeno[1,2-b]fluorene (XI).—During 
gas-liquid chromatography (4% Apiezon “ L”’ on 100—120 mesh Celite at 214°) of the two 
hexahydrofluorenes (X) it was noted that the a-form gave one peak whereas the $-form gave 
two peaks, the retention time of the second peak of the 6-form being the same as that for the 
a-form. Alteration of the flow rate of the carrier gas (100 ml./min. to 24 ml./min.) showed that 
the relative area of the second $-peak decreased as a function of retention time (from 10-5 min. 
to 30-5 min.). A later chromatogram run under identical conditions on an apparently similarly 
prepared column showed an «: § ratio different from that in the previous experiment. In all 
experiments crystalline samples of the highest purity were used. Attempts (KOH, ethylene 
glycol, 244°, 3 hr.; ‘‘ Celite,” 300°, 3 hr.) to isomerise the 8(120°)- to the «(230°)-hydrocarbon 
were unsuccessful, the former compound being substantially unchanged. 

Dehydrogenations.—(a) General. The following procedure (for details of which we are 
indebted to Professor V. Prelog, E.T.H., Zurich) was used for all the dehydrogenations. The 
hydrocarbon was placed in a tube (diameter ca. 7 mm.) which was sealed at one end. It was 
then covered with thoroughly dried, granular 15% palladium—charcoal,** and the tube was 
sealed under nitrogen. After total immersion in a silicone oil-bath at 320° for 2 hr., during 
which the tube was inverted to ensure the complete mixing of the components, the tube was 
cooled, opened and the product sublimed out:at ca. 5 x 10% mm. The recovery in all cases 
was almost quantitative. Tetralin (5-2 mg.), on dehydrogenation with palladium-charcoal 
(43 mg.), gave crystalline naphthalene in high yield. 

(b) Dehydrogenation of the ®-hexahydrofluorene (X). The hydrocarbon (7-1 mg.) on 
dehydrogenation with palladium-charcoal (63 mg.), followed by sublimation at 230° (block), 
yielded indeno[1,2-b]fluorene (VII), m. p. and mixed m. p. 300—302°; infrared (KCl disc) and 
ultraviolet (ether) absorption spectra were identical with those of a genuine sample. 

(c) Dehydrogenation of the a-hexahydrofluorene (X). Similar treatment of this hydrocarbon 
(25 mg.) furnished indeno[1,2-b]fluorene (VII) of slightly lower purity. 

(d) Dehydrogenation of dibenzocyclododecadiene (VIII). The hydrocarbon (6-9 mg.) was 
dehydrogenated with palladium-charcoal (70 mg.) for 5 hr.; sublimation at 230° then yielded 
gummy crystals (5-1 mg.), Amax, (in cyclohexane) 274, 280 my (log ¢ 3-59, 3-60), Amin, 257 my 
(log ¢ 3-58). Gas-liquid chromatography (214°, 40 ml./min.) showed that the product consisted 
of unchanged material (R.T. 23 min., 57%) and the “‘ naphthalene ”’ (IX), m. p. 117° (R.T. 
39 min., 43%). 


Microanalyses were by Mr: J. M. L. Cameron and his staff, and the infrared measurements 
by Mrs. F. Lawrie and Mr. F. Gisby. We thank Dr. E. Clar, Dr. J. C. D. Brand, and Dr. M. C. 
Whiting for helpful discussions. One of us (O. M. B.) is indebted to the British Petroleum 
Company for a research grant, and another (A. R. G.) is similarly indebted to the Aliphatic 
Research Company. 


THE CHEMISTRY DEPARTMENT, 
THE UNIVERSITY, GLAsGow, W.2. (Received, February 8th, 1960.) 


** Newman and Zahm, J. Amer. Chem. Soc., 1943, 65, 1097. 
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723. lonic Association and Reaction Rates. Part I. A Spectro- 
photometric Study of the Hydrolysis of Iron(i). 
By D. H. RicHarps and K. W. Sykes. 


The hydrolysis of Fe** to FeOH** has been studied by spectrophotometry 
over the wavelength range 290—330 my in perchlorate solutions of ionic 
strength 0-025—0-15 at 18-2—35-5°. The conventional hydrolysis constant 
is expressed in terms of equilibria for free and associated ions, and evaluated 
without any assumptions about the extent of perchlorate association or its 
effect on extinction coefficients. Values found for the hydrolysis constant 
at zero ionic strength, its temperature coefficient, and its variation with 
ionic strength, agree with Milburn and Vosburgh’s results obtained at 340 mu. 
Extinction coefficients for Fe** and FeOH** are given. The effect on the 
hydrolysis constant of substituting barium for sodium perchlorate is consistent 
with the estimate of ferric—perchlorate association derived from Olson and 
Simonson’s data. The structure of FeOH** is discussed in terms of the view 
that the spectrophotometric method detects all associated species irrespective 
of their interionic separation. 


THE effect of anions on the rate of the ferric—iodide reaction has been attributed to the 
formation of associated species which are unreactive compared with free ferric ions.’ 
However, the kinetic work on which this suggestion was based was purely exploratory, no 
close correlation was established between the kinetic and associating effects of a given 
anion, and the structures of the associated species were not elucidated. Nevertheless, the 
principle seemed likely to be of significance for ionic reactions in general if it were sub- 
stantiated, so a wider investigation of the thermodynamic, structural, and kinetic factors 
was begun. Anion-ferric association was studied by spectrophotometry of its electron- 
transfer spectrum in order to provide independent evidence for the existence of the species 
postulated and to determine their concentrations,* while the effect of the anion on the 
individual rate constants of the ferric—-iodide reaction was measured accurately under the 
same conditions. More rigorous interpretations of both types of experiment for the 
anions hydroxide, sulphate, and nitrate were developed in the light of advances in the 
concept of ionic association, and changes of solvent were made to illustrate the important 
réle of water in these ionic interactions. 

An essential first step, described in this paper, was to establish the spectrophotometry 
of ferric hydrolysis in aqueous solution over the range 290—330 my. Hydroxide is 
itself an important ligand, and knowledge of its effect is essential for the study of the 
other systems, since ferric ions are appreciably hydrolysed in solutions of sufficiently 
low acidity for the influence of sulphate and bisulphate ions to be separated or for low 
ionic strengths to be used. This wavelength range includes the band maxima for the 
Fe**-OH-, Fe**-SO,", and Fe**—NO,~ interactions, and so should be the most sensitive 
and reliable region for spectrophotometric study of these species. 

Measurement of Hydrolysis Constant.—If perchlorate association, which may be 
appreciable,? is not neglected, the possible equilibria in a dilute solution of ferric perchlorate 
in aqueous perchloric acid-sodium perchlorate are 


Feet +H,O = FeOH* + Ht Ky a 
Feet + 2C10,- = Fe(Cl0,),8-»+ Ky k =1,2...n — 
FeOH?* + jCl0,- = FeOH(CIO,),@-3* Kyj =1,2...m 7 


* A preliminary account of some of this work appeared in Chem. Soc. Spec. Publ., 1954, No. 1, p. 64. 


1 Sykes, J., 1952, 124. 
2 Sykes, J., 1959, 2473. 
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Further hydrolysis products are neglected at this stage, but the validity of this assumption 
js examined later. Ifseparate extinction coefficients are assigned to each of the » + m + 2 
different species, €9) for Fe**, e for FeOH?*, ¢, for Fe(ClO,),°-*, and ey for 
FeOH(C1O,);2-9*, the mean molar extinction coefficient of the ferric ion, €, becomes 


_- + BS Fp K yo + =e (E19 + 2, €1;K1jC9!) 

cm - oases & 
k ae cj 
:> > Koyee* + Cy o(l+ p> K1jC2!) 





1 


where c, and c, are the concentrations of hydrogen ions and free perchlorate ions respectively. 
Eqn. (4) reduces to the conventional form 


P=[qtea(*Kle/+ (Ki)... .. - & 
where % 

*K, = K,(1 + Kyjcq/)/(1 + 4 Kolo) - - - + (6) 

+ > for KgyC2")/(L + + > Kot‘) - - + + (7) 

1 = (419 + + ¥ exyKycy)/(1 + +> on ee 


Equilibrium constants and extinction coefficients for individual species will, as a working 
hypothesis, be assumed constant at a given ionic strength in dilute solution ; eqns. (6)—(8) 
imply that *K,, ¢9, and e, should only be assumed constant if both perchlorate concentration 
and ionic strength are fixed. For two solutions of given perchlorate concentration and 
ionic strength, one of which is denoted by primed symbols, 


Gy’ —Gq  Acqy_ *KA+G al * Cy) (9) 
=. = Kila — tad Pht 








If c,’ is a fixed hydrogen-ion concentration and ¢, is varied, Ac,/Aé depends linearly on c, 
and the ratio of intercept at c, = 0 to slope is *K,. Eqn. (9) thus enables *K, to be 
evaluated without the extent to which perchlorate associates with Fe** or FeOH?* or 
affects their extinction coefficients being assumed. The standard elimination * of ¢, and 
e, from eqn. (5) applied to three acidities is a special case of this procedure in which only 
two points on the Ac,/Ae-c, graph are used. The standard method is therefore independent 
of assumptions about perchlorate, but there is no justification for supposing, without 
experimental proof, that ¢, or e, is independent of ionic strength or temperature.>® In 
the present work, *K, is evaluated as a function of ionic strength and of temperature by 
determining the relation between Ac,/Ae and c, for each set of conditions. 

Fig. 1 shows that eqn. (9) is obeyed at a given wavelength by 3 x 10™-ferric per- 
chlorate in HC1IO,—-NaClQ, solutions of ionic strength 0-025—0-15 and perchloric acid concen- 
trations (c,°) 0-002—0-120M. Measurements at c,° = 0-001m lie consistently above the 
line through the other points with an average deviation of 7%; they are probably 
influenced by further stages of hydrolysis and are neglected. Table 1 gives the values of 
*K, calculated for all wavelengths in the range 290—320 my, the line being assumed to 
pass through the point at c,° = 0-002m, corresponding to the highest optical density, and 
the centre of gravity of the other two. To allow for hydrogen ions produced by the 


* Olson and Simonson, J. Chem. Phys., 1949, 17, 1322. 

* Siddall and Vosburgh, J. Amer. Chem. Soc., 1951, 73, 4270. 

* Rabinowitch and Stockmayer, J. Amer. Chem. Soc., 1942, 64, 335. 
* Milburn, J. Amer. Chem. Soc., 1957, 79, 537. 
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TABL 

TERED. csccscccese 18-2° 
Ionic strength... 0-15 
290 mp 1-75 

295 mp 1-86 

300 mp 1-87 

305 mp 1-87 

310 mp 1-84 

315 mp 1-81 

320 mp 1-88 
Average ......... 1-84 
Obs. error ...... +0-05 
Calc. error ...... +0-09 
Milburn and 1-75 
Vosburgh ? +0-10 


Richards and Sykes: 


El. Values of 10°*K, (mole 1.*). 
18-7° 20-0° 20-1° 20-3° 
0-10 0-08 0-06 0-04 
2-02 2-04 2-49 (3-27) 
2-02 2-04 2-58 2-91 
2-03 2-15 2-57 2-90 
2-01 2-11 2-57 2-88 
2-04 2-15 2-52 2-83 
1-96 2-10 2-46 2-76 
1-92 2-06 2-44 2-79 
2-00 2-09 2-52 2-85 

+0-04 +0-05 +0-06 +0-06 

+0-09 +0-09 +011 +0-12 
1-99 2-27 2-44 2-70 
+0-12 +0-14 +0-15 +0-16 


20-3° 
0-025 
3-03 
3-02 
3-03 
3-05 
3-02 
3-04 
3-07 
3-04 
40-02 
40-13 
2-97 
40-18 





35-5° 
0-15 
4-68 
4-73 
4-85 
4-85 
4-79 
4-80 
4-85 
4-79 
+0-07 
+0-20 
4-72 
+0-28 


hydrolysis of ferric ions of total concentration c), small corrections not exceeding 2 x 10-%y 


were made by successive approximation according to the relation 


wae (SPS 


. 
a* Ky 
*K,+¢,° 


a} 


(10) ; 


The results do not vary systematically with wavelength in the range 290—320 muy, so the 
average is taken, with the exception of the single inconsistent value in parentheses, and 
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0-005 


0-0/0 


c,(mole i) 


Test of eqn (9) at 305 mu. 
(a) 0-15, (b) 0-10, (c) 0-08, (d) 
0-06, (e) 0-04, (f) 0-025. 
(mole 1.-1): (a) 0-12, (b) 0-09, (c) 0-07, (d) 
0-05, (e) 0-03, (f) 0-02. 


the observed error expressed as the standard deviation of the mean. 
densities (0-112—0-820) are accurate to +1%, the calculated error, ox, in *K, is given by 


4, — NOMA Aya(x5 + 10 — 29)(¥6" + Io” + 5910)! 





where x = ¢,, y = Ac,/Azé, and the subscripts denote the value of 10%c,°. 


(Ys + Yio — 2¥2)* 


Ionic 


Values of c,’ 


If the optical 


(11) 


Since the 


observed errors all fall within the calculated ones, eqn. (9) adequately represents the 
results over the wavelength range 290—320 my. Variation of *K, with ionic strength t 


can be expressed in the form 


calculations were made with the correct forms. 


log (*K,9/*K,) = 4A/}/(1 + BI!) . 


+ In ref. 2 the left sides of eqns. (11) and (12) should read log {*K,(b)/*K,(a)} and log {K,(b)/K,(a)} 
respectively, and the right side of eqn. (14) *K,(a){l + K,(a) . co(a)}K,(b)/{1 + K,(6) . co(b)}K,(a); all the 
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with B = 2-44 (+0°3) as calculated from the values of *K, at ionic strengths of 0-15 and 
0-025, corrected to 20° with the heat content change given below and A = 0-505. Extra- 
polation with this function of the values at all ionic strengths, after correction to 20°, gives 
for the mean value of 10°*K,° and its standard deviation 5-01 + 0-25, in good agreement 
with 4-96 + 0-30 calculated from Milburn and Vosburgh’s results? (10°*K,° = 6-7 x 0-4 
at 25°, A*H,° = 10-4 + 0-2 kcal., B = 2-40) obtained by a different method from data 
for 340 my. As shown in the last row of Table 1, Milburn and Vosburgh’s results are 
consistent with the present ones, to within the experimental errors, under all conditions. 
Earlier determinations of *K, have already been reviewed.? Turner and Miles’s more 
recent value ® is not strictly comparable since it is calculated from hydrogen-ion activity. 
These authors ® give their result for 10°*K, in terms of hydrogen-ion concentration as 
3-85 + 0-30, for the range 320—350 my at J = 0-01 at 25°, compared with 4-6 + 0:3 
derived from the value of *K,° given above. 

Effect of Fe,(OH),**.—Small but appreciable deviations at 325—330 my (Table 3 below) 
suggest that Fe,(OH),**, which absorbs strongly at 340 my,? may be important in this 
region. If the formation of this species is written 


2FeOH?* = Fe,(OH),#* ge. oo eee 


its concentration cq is equal to 





0b is) s eth ei eewre a (14) 

*K\2 * __ * 
where w= {(c +- K,) + 8 oe (cy + K,) ; : ’ (15) 
and cy = c,° + *Kyw + 2*K,*Kaw* se) oo te ree le (as a OE 


K, is interpolated at the appropriate temperatures and ionic strengths from Milburn’s 
results * for perchlorate solution, so the effect of any perchlorate association is included. 
Since the dimer changes the hydrogen-ion concentration by less than 0-5%, cq is calculated 
from eqns. (14) and (15) with the previous values of c,; its largest value is 6-4 x 10m 
at c,° = 0-002m, J = 0-15, 35-5°. The hypothetical extinction coefficient of ferric solutions 
without dimer, é(corr.), is related to the observed value, ¢, by the equation 


Cy = e(corr.)(Cg — 2cg) ++ cua . » « we OCD) 
where ¢, is the extinction coefficient of the dimer, so the effect of the dimer on the deter- 
mination of *K, can be calculated by replacing € by é(corr.) in eqn. (9). 

Milburn and Vosburgh? evaluated «4 only for 340 my, but it may be estimated for 
325—330 my from their data for 0-05m-Fe(ClO,), in 0-25-1-0m-HCIO, at J = 1-55 at 25°. 


If «, 8, and 2y are the fractions of iron present as Fe**, FeOH?*, and Fe,(OH),** in such 
solutions, and the subscripts a and 6 denote different acid concentrations 


oa toBa = Fah + €o(%aB» —_ apBa) 
Baye — Boa 


Table 2 gives «, 8, and y as calculated from Milburn and Vosburgh’s equilibrium constants,’ 
as obtained by photographic enlargement of their Fig. 1, and the results for eg. The value 


TABLE 2. Calculation of ea from Milburn and Vosburgh’s data. 


&d 





(18) 





€ 10%, 
= An me ts ~A— . a | 
Cy « 1038 108y 325 mz 330mz 340mz 325mpz 330mpz 340 mp 
1-00m 0-998 1-50 0-11 14-5 9-5 4-6 2-6 2-4 2-4 
0-25m 0-991 5-93 1-69 24-5 19-0 12-8 





? Milburn and Vosburgh, J. Amer. Chem. Soc., 1955, 77, 1352. 
8 Turner and Miles, Canad. J. Chem., 1957, 35, 1002. 
* Turner and Miles, personal communication. 
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of 2-4 x 10% for eg at 340 my, which is included to test the method, agrees reasonably with 
Milburn and Vosburgh’s estimate of 3(-+-1) x 10* derived from other data, so an average 
of 2-5 x 10% is assumed for 325—330 my. The corrections (Table 3) make *K, approximate 
more closely to the average for 290—320 my at all ionic strengths except 0-025, where the 
change is small but of the wrong sign, so the deviations at 325—330 my are substantially 
explained. It also follows that the effect of the dimer at 290—320 my must be within the 
experimental error, presumably because at each wavelength in this range eg approximates 
to 2¢ at the lowest acidity where the dimer concentration is greatest. 
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Heat Content Change.—The results in Table 1 for 18-2° and 35-5° at J = 0-15 give 


A*H, = +9-9 + 0-4 kcal. This is useful confirmation of Milburn’s estimate ® of +-10-4 + 
0-2 kcal., since it does not depend on the assumption that ¢, is independent of temperature. 


TABLE 3. Effect of Fe,(OH),** on values of 10°*K, (mole 1.*). 








. 325 mp 330 mp 
Tonic . “~ = om rm =, 290—320 mp 

Temp. strength obs. corr. obs. corr. average 
18-2° 0-15 1-71 1-83 1-61 1-78 1-84 
35-5 0-15 4-71 4-74 4-63 4-72 4-79 

18-7 0-10 1-70 1-78 1-68 1-81 2-00 
20-0 0-08 2-00 2-06 1-91 2-01 2-09 

20-1 0-06 2-33 2-40 2-27 2-38 2-52 
20-3 0-04 2-76 2-83 2-67 2-78 2-85 
20-3 0-025 3°18 3-24 3-20 3-27 3-04 


To test the possibility that the present result might be influenced by other stages of 
hydrolysis becoming important at the higher temperature, further experiments are made 
at the same ionic strength and ferric concentration with 10%c,° equal to 10, 20, and 30 
instead of 2,5, and 10. Larger random deviations occur because the optical densities are 
smaller at the higher acid concentrations, but the results are consistent with the others 
(Fig. 2). 

Perchlorate Association.—According to eqn. (6), measurement of *K, as a function of ¢, 
at a given ionic strength should give the dependence on perchlorate concentration of the 
quantity: 


(+ S Kye + ¥ Kut 


which is the ratio of the fractions of Fe** and FeOH?* not associated with perchlorate. 
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Replacement of sodium perchlorate by barium perchlorate provides the necessary variation 
of ¢,, if the concentration is small enough for the principle of ionic strength to be significant. 
Repetition of the determination at J = 0-15, except for adding 0-0333M-barium perchlorate 
and decreasing the highest perchloric acid concentration to 0-0482m, makes 10°*K, for 
290—320 my 2-10 + 0-08 at c, = 0-1158m at 19-8°, whereas the value in Table 1 for the 
same ionic strength at c, = 0-1491m becomes 2-02 + 0-06 at 19-8°. These values should 
be more reliable than the preliminary ones,’ which involved the use of Rabinowitch and 
Stockmayer’s value ® of 12-3 kcal. for A*H, and less comparable ranges of acidity for the 
sodium and barium solutions. Clearly, the effect of perchlorate is small; if the whole 
change is attributed to FeClO,* according to the relation 


a *K,(a) — *K,(0) 
t = ¥Ki@)ca(6) — *Ky(a)ca(a) 


where a and b denote the barium and sodium solutions respectively, K,, is put in the range 
0—5:5 by the extreme values of *K,. Though Kg, is not accurately determined, these 
limits are useful because they do not depend on the assumption that the extinction 
coefficients are unaffected by change of perchlorate concentration. Sykes’s estimate ? of 
Ky, (70—14-9 at IJ = 0) from Olson and Simonson’s date* for more dilute solutions 
becomes 2-2—4-7 when extrapolated to an ionic strength of 0-15 by the equation 


log (Ko°/Ko,) = GAI#/(1 + 3-527) 2 2... (20) 


The suggestion 2 that ferric and perchlorate ions in dilute solution have at least two water 
molecules between them at their distance of closest approach thus appears to hold at an 
ionic strength of 0-15. This is consistent with the view that perchlorate concentrations 
of about 6m are needed to dehydrate ferric ions appreciably," or to alter significantly the 
visible absorption spectrum of neodymium,” a similar tri-positive ion; this spectral shift is 
presumably due to changes in the first hydration shell, since f electrons are involved. 

Extinction Coefficients.—The intercept of the (Ac,/Ae)—c, graph leads directly to ¢, — ¢5, 
since from eqn. (9) 


Ko 





(19) 


Ae = €, — & = (6' + *K;)/(Ac/At),mg - - » - - (21) 


Table 4 shows that Ae, at the essentially constant temperature of 18-2—20-3°, is indepen- 
dent of ionic strength from 0-025 to 0-15 to within about +5%. Corrections as described 


TABLE 4. Values of Ae. 


Tonic Obs. Calc. 
strength 0-15 0-10 0-08 0-06 0-04 0-025 Average error error 
290 mp 1390 1350 1410 1310 (1150) 1290 1350 50 40 
295 my 1480 1490 1560 1420 1380 1440 1460 60 40 
300 mu 1530 1550 1570 1480 1440 1490 1510 50 50 
305 mu 1520 1550 1580 1470 1440 1480 1510 50 50 
310 my 1480 1480 1490 1440 1400 1430 1450 30 50 
315 mp 1400 1420 1430 1360 1320 1340 1380 40 40 
320 mp 1240 1320 1330 1250 1210 1230 1260 50 40 
325 mp 1100 1180 1150 1100 1040 1040 1100 60 40 
330 mu 980 1050 1020 970 920 910 980 60 30 


above are made for Fe,(OH),** at 325—330 my. The observed error, which is the standard 
deviation of the average over the various ionic strengths, is comparable with the calculated 
error, oye, caused by an uncertainty of +1% in the optical densities and obtained from 
the following expression in the notation of eqn. (11) 


_ 9-01 Ae{x,?( 5? + Vio") + (%5 + %10)"2"}! 
(%5 + *19)¥2 — %e(¥s5 + V0) 


10 Sykes, Chem. Soc. Spec. Publ., 1954, No. 1, p. 64. 
1 Coll, Nauman, and West, J. Amer. Chem. Soc., 1959, 81, 1284. 
% Krumholtz, J. Phys. Chem., 1959, 68, 1313. 





(22) 
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This insensitiveness of the extinction coefficients to change in perchlorate concentration, 
for which there is other evidence for ¢, up to 4-7M,° and for e, up to 1-07,” is understandable 
if hydration prevents any close approach of ClO,- to Fe** or FeOH**. Rather wider 
limits must be assigned to any possible variation of Ae with temperature. In three 
separate experiments the average change in Ae for all wavelengths from 290 to 320 my was: 
(a) —10-1% from 18-2° to 35-5°, (b) —0-3% frorn 19-4° to 28-3°, (c) +4°7% from 20-8° 
to 27-1°. Similarly, Lister and Rivington ™ found that the extinction coefficient of FeCNS?+ 
changes by less than 2% at 450—520 my over the ionic strength range 0-2—1-2 and 
decreases by —4-5% at 460 my, the wavelength of maximum absorption, when the 
temperature rises from 5° to 45°. 
Table 5 gives e, and ¢, calculated from the relations 


cy = 2 — *K,Ac/(*K, +c’), = 2’ + ¢'Ae/(*K, +’) . . (23) 


where Ae is the average in Table 4 and é’ is measured directly for 3 x 10“m-Fe(CIO,), at 
c,’ = 0-120m, J = 0-15, 20-1°, for which conditions 10°*K, is 2-03. The probable errors 
are +60 for c, and +3 fore). Although these extinction coefficients are similar in general 
form to those of other authors, there are unexplained discrepancies in absolute magnitude 
as illustrated by the following values for ¢, at 300 my: present work 1610; Olson and 
Simonson 3 1950; Turner and Miles ® 2250; Whiteker and Davidson ! 2470. 


TABLE 5. Values of ey and ¢. 


290 mz 295 mp 300mpz 305 mp 310mpz 315 mez 320muz 325 my 330 mp 
Re: oseuds 260 163 100 63 37 21 13 9 7 
Be acsers 1610 1620 1610 1570 1490 1400 1270 1110 990 


Structure of FEOH?*.—It is not self-evident precisely what species, in molecular terms, 
are detected by the spectrophotometric method. The observation of spectral change does 
not necessarily imply that anion and cation are in contact, since anions in either the first 
or the second hydration shell of a cation can alter the ultraviolet spectrum, as Posey and 
Taube have shown with SO,?- and [Co(NH,),H,O]**. Moreover, Bjerrum’s theory * 
treats as associated all anions within a distance g = 2,2,e*/2DkT, which is 10-7 A for Fe** 
and OH~. Since the radii !” of those ions are 0-6 A and 1-4 A and the diameter 18 of H,O 
is 2-8 A, species such as Fe**+(H,O),OH~, in which the ionic centres are separated 10-4 A 
by 3 water molecules and where there is probably no spectral interaction, may count as 
associated. Cohen ™ assumed that only species with a spectrum different from that of 
the free ions are detected, but, as King, Espenson, and Visco * have realised, the situation 
is analogous to that discussed by Orgel and Mulliken #4 for neutral molecules which interact 
to give a charge-transfer spectrum. All species which must be included in the thermo- 
dynamically correct description of the equilibria in solutions of constant ionic strength can 
be shown to contribute to the association constant determined by spectrophotometry. In 
the conventional treatment, an anion of concentration c contributes to the expression for 
the mean extinction coefficient of the cation a term ecK in the numerator and a term cK 
in the denominator. If configurations in which the associated ions are separated by 
various numbers of water molecules are distinguished by individual extinction coefficients 
e, and association constants K;, the first term becomes c}eK; and the second c}Ki. 
Consequently, the observed K is dKi, the sum of the association constants of the individual 


18 Lister and Rivington, Canad. J]. Chem., 1955, 38, 1572. 
14 Whiteker and Davidson, J. Amer. Chem. Soc., 1953, 75, 3081. 

18 Posey and Taube, J. Amer. Chem. Soc., 1953, 75, 1463; 1956, 78, 15. 

16 Bjerrum, Kgl. Danske Videnskab., Mat.-fys. Medd., 1926, 7, No. 9. 

17 Pauling, ‘‘ The Nature of the Chemical Bond,”’ Cornell University Press, New York, 1940, p. 350. 
18 Barnes, Proc. Roy. Soc., 1929, A, 125, 670. 

1® Cohen, ]. Phys. Chem., 1957, 61, 1670. 

2° King, Espenson, and Visco, J. Phys. Chem., 1959, 68, 755. 

*1 Orgel and Mulliken, J. Amer. Chem. Soc., 1957, 79, 4839. 








ame ae at oe a eee 


ane idee ate ae. ae 








tion, 
able 
rider 
hree 
was: 
08° 
NS2+ 


the 


3) 


5 at 
Tors 
eral 
tude 


my 
0 


rms, 
does 
first 
and 
ry 16 
Fes* 
H,0 


t as 
t of 
tion 
ract 
mo- 
can 

In 
| for 
cK 
| by 
ents 
Ki. 
dual 











f 
a 
3 

7 

z 


AT ORT hs 





(1960) Ionic Association and Reaction Rates. Part I. 3633 
configurations, and the observed ¢ is d=Kil dK, a mean value in which the individual 
extinction coefficients are weighted according to the fractional contribution of the corre- 
sponding configurations to the total association. These considerations are independent 
of the magnitudes of the ¢;, except that at least one ¢; must differ appreciably from the 
value for the free cation if there is to be any spectral change on which measurements can 
bebased. The distance d over which the summation of associated pairs must be extended 
is, as Cohen !* and Prue * have noted, not necessarily equal to g and is in general unknown. 

If *K,° at 25° is combined with the ionization constant of water, the equilibrium 
constant for the formation of FeOH?* from Fe®+ and OH™~ becomes 6-6 x 104%. The 
predominant species of the type Fe**(H,O),OH™ is thus the one with m = 0, since those with 
one or more molecules of water between the ions cannot contribute more than a very small 
fraction of this large value. A good approximation to the ferric system ” > 1 is provided 
by Co(NH,),°*...OH~, for which Caton and Prue * found an association constant of 71 
at zero ionic strength at 25°. 


EXPERIMENTAL 


Water for all solutions was obtained from dilute alkaline permanganate in a Pyrex 
conductivity still. Sodium perchlorate was prepared by neutralising in solution a weighed 
amount of anhydrous sodium carbonate. Barium perchlorate was recrystallised and analysed 
for barium by precipitation as chromate.» To prepare ferric perchlorate, sufficient barium 
perchlorate to remove most of the sulphate was added to ferric ammonium sulphate. Ferric 
hydroxide was precipitated by ammonia from the hot solution, washed in suspension, and then 
digested with excess of perchloric acid. When all the sulphate had been removed by repetition 
of this procedure, evaporation under reduced pressure with a trace of hydrogen peroxide gave 
crystals of the composition Fe(ClO,);, 0-58HC1O,,10H,O, as determined by analysis for iron 
with stannous chloride and dichromate ** and for total perchlorate by Schumb and Sweetser’s 
method.?? 

Ferric solutions were stored for 24 hr. before their optical densities were measured in 3 cm. 
silica cells on a Unicam S.P. 500 in a thermostatically controlled room. Solution temperatures 
determined with a calibrated thermocouple were usually constant to within +0-1° in any set 
of measurements. Small corrections of up ta 0-005 were made to the optical densities for 
differences in cell absorption by comparing the cells filled with distilled water. Comparison 
of the cells containing the same ferric solution showed that their lengths were identical within 
the experimental error. The ferric solution of hydrogen-ion concentration c,’ was used as the 
blank for the measurement of ¢ — e’ in eqn. (9); its optical density was determined separately 
for use in eqn. (23). 


The authors thank the Atomic Energy Research Establishment, Harwell, for financial 
assistance including a maintenance grant to one of them (D. H. R.), Imperial Chemical Industries 
Limited for the loan of the Unicam spectrophotometer, and Dr. R. C. Turner and Mrs. K. E. 
Miles for permission to quote unpublished results. The experiments were done in the Chemistry 
Department of the University College of Swansea. 
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*3 Harned and Robinson, Trans. Faraday Soc., 1940, 36, 973. 
* Caton and Prue, J., 1956, 671. 
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724. Conformation and Reactivity. Part II. Kinetics of the Alkaline 
Hydrolysis of the Acetates of the Methylcyclohexanols and of Related 
Alcohols. 


By N. B. CHapMAn, R. E. PARKER, and P. J. A. Situ. 


The rates of alkaline hydrolysis in aqueous dioxan have been measured 
at three temperatures for cyclohexyl acetate, cis- and trans-2-, cis- and 
trans-3-, and cis- and trans-4-methylcyclohexyl] acetates, cis- and trans-4-t- 
butylcyclohexy] acetates, bornyl and isobornyl acetates, and menthy]l acetate, ; 
and at one temperature for neomenthyl acetate. By assuming that cis- and F 
trans-4-t-butylcyclohexyl acetate exist entirely in conformations with their 
acetoxy-groups axial and equatorial, respectively, it is possible to derive the 
conformations of the remaining acetates from the kinetic results. The 
conformations so derived are confirmed by an infrared spectroscopic investig- 
ation of the acetates. 

The hydrolysis of cyclohexyl acetate has been studied in two different 
aqueous dioxan solvents and the greater rate in the more aqueous solvent 
is discussed. 


It is well known that esters of steroidal alcohols with equatorial hydroxyl groups undergo 
alkaline hydrolysis more rapidly than esters of axial steroidal alcohols,** and effects of 
this kind on rates are often used to determine the conformations of reactive groupings. 
The present work is an application of this method to the determination of the conformations 
of the acetoxy-group in various acetoxycyclohexanes, and rates of alkaline hydrolysis in 
aqueous dioxan have been measured at three temperatures for the 12 acetates detailed 
above and (at one temperature only) for neomenthyl acetate. Since these compounds 
(except for the bornyl acetates) do not have their conformations stabilised by ring-fusion, 
they will each exist as an equilibrium mixture of two forms, e.g., (I) and (II) for cyclohexyl 


acetate: 
LY Ove wea, 
F— — 


OAc 
(I) (II) 





By assuming that cis- and trans-4-t-butylcyclohexy] acetate exist entirely in conformations 
with their t-butyl groups equatorial and that these groups have no effect on the reactivity 
of the acetoxy-group, other than by stabilising a particular conformation,‘ it is possible to 
equate the rates of hydrolysis of these compounds to those of the conformational isomers 
(II) and (I), respectively, and therefore to calculate the position of equilibrium for 
cyclohexyl acetate. Similar analyses have been carried out for the other acetates and the 
results are confirmed by the infrared spectra of the acetates. 


EXPERIMENTAL 


Materials.—The preparation of the methylcyclohexanols is based on the methods of Jackman, 
Macbeth, and Mills,>* and the preparation of the t-butylcyclohexanols on the methods of 
Winstein and Holness.‘ In most cases, however, it was necessary to modify these experimental 
methods. 

All the acetates, prepared from the geometrically pure alcohols, were shown to be chemically 
Part I, Cavell, Chapman, and Johnson, J., 1960, 1413. 

Barton, Experientia, 1950, 6, 316; J., 1953, 1027. 


1 
2 

8 Fiirst and Plattner, Helv. Chim. Acta, 1949, 32, 275. 
* Winstein and Holness, ]. Amer. Chem. Soc., 1955, 77, 5562. j 
5 
6 


Macbeth and Mills, J., 1945, 709. 4 
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pure by gas-chromatographic analysis on a column of Silicone resin supported on Celite. This 
analysis did not, however, distinguish between geometrical isomers. ‘ 

(+)-trans-2-Methylcyclohexyl acetate. (+)-2-Methylcyclohexanol (from British Drug 
Houses, Ltd.) was dried (Na,SO,) and distilled in vacuo. It had b. p. 65°/20mm. The alcohol 
(50 g.) was esterified with 3,5-dinitrobenzoyl chloride (102 g.), giving a crude ester, m. p. 105— 
108° (138 g., 91%). Five crystallisations from ethanol gave pure (-+)-tvans-2-methylcyclo- 
hexyl 3,5-dinitrobenzoate (45 g.), m. p. 117—118° (lit.,5 117°), which was hydrolysed with 5% 
methanolic potassium hydroxide to (-+)-trvans-2-methylcyclohexanol, b. p. 165—166°/772 mm., 
n,* 1-4562 (8-7 g., 58%). Acetylation with acetic anhydride gave (--)-tvans-2-methylcyclo- 
hexyl acetate, b. p. 182—183°/770 mm., m,,* 1-4355 (5-5 g., 44%). 

(+)cis-2-Methylcyclohexyl acetate. The mother liquors from the fractional crystallisation 
of the foregoing 3,5-dinitrobenzoate were evaporated to dryness. The residue, after 13 
crystallisations from ethanol, gave pure (-+)-cis-2-methylcyclohexyl 3,5-dinitrobenzoate 
(37 g.), m. p. 101° (lit.,5 100—101°), which was hydrolysed as above to (+-)-cis-2-methylcyclo- 
hexanol, b. p. 163°/765 mm., m,,* 1-4596 (5-0 g., 57%). Acetylation gave (+)-cis-2-methyl- 
cyclohexyl acetate, b. p. 180°/763 mm., »,,* 1-4368 (4-9 g., 71%). 

(+)-cis-3-Methylcyclohexyl acetate. (+)-3-Methylcyclohexanol (from Eastman Organic 
Chemicals) was dried (Na,SO,) and distilled im vacuo. It had b. p. 69°/16 mm. The alcohol 
(50 g.) was esterified with 3,5-dinitrobenzoyl chloride (102 g.), giving a crude ester, m. p. 75—90° 
(116 g., 73%). Nine crystallisations from ethanol gave pure (+)-cis-3-methylcyclohexyl 
3,5-dinitrobenzoate (49 g.), m. p. 99—100° (lit.,* 99°), which was hydrolysed as above to (-+)-cis- 
3-methylcyclohexanol, b. p. 170°/765 mm., ,,*° 1-4579 (13 g., 55%). Acetylation gave (+)-cis- 
3-methylcyclohexyl acetate, b. p. 185°/763 mm., ,*° 1-4530 (13-5 g., 76%). 

(+)-trans-3-Methylcyclohexyl acetate. (-+-)-3-Methylcyclohexanol (150 g.) was oxidised 
with chromic acid to 3-methylcyclohexanone, b. p. 60°/25 mm. (102 g., 69%). The ketone 
(75 g.) in ethanol (100 ml.) was shaken with hydrogen at 7 atm. for 12 hr. with Raney nickel 
(5 g.),” giving (+-)-3-methylcyclohexanol, b. p. 72°/23 mm. (58 g., 75%). The alcohol (50 g.) 
with 3,5-dinitrobenzoyl chloride (102 g.) gave a crude ester, m. p. 60—80° (114 g., 74%). Five 
crystallisations from light petroleum (b. p. 60—80°) gave pure (-+-)-tvans-3-methylcyclohexyl 
3,5-dinitrobenzoate (32 g.), m. p. 111° (lit.,6 111°), which was hydrolysed as above to (-+)-tvans- 
3-methylcyclohexanol, b. p. 168°/766 mm., m,,** 1-4545 (9-0 g., 67%). Acetylation gave (+)- 
trans-3-methylcyclohexy] acetate, b. p. 185°/765 mm., n,,* 1-4369 (6-5 g., 53%). 

trans-4-Methylcyclohexyl acetate. 4-Methylcyclohexanol (from Eastman Kodak Ltd.) was 
converted into tvans-4-methylcyclohexyl 3,5-dinitrobenzoate by Jackman, Macbeth, and 
Mills’s method. The pure ester had m. p. 142° (lit.,5 142°) and was hydrolysed as above to 
trans-4-methylcyclohexanol, b. p. 173—174°/772 mm., m,,”° 1-4365. Acetylation gave trans-4- 
methylcyclohexyl acetate, b. p. 186°/767 mm., ,*° 1-4352. 

cis-4-Methylcyclohexyl acetate. cis-4-Methylcyclohexyl p-nitrobenzoate, prepared from 
4-methylcyclohexanol according to Jackman, Macbeth, and Mills’s method,® had m. p. 95—96° 
(lit.,5 96°). It was hydrolysed as above to cis-4-methylcyclohexanol, b. p. 167°/763 mm., »,?° 
14579. Acetylation gave cis-4-methylcyclohexyl acetate, b. p. 183—184°/756 mm., 1,75 
1-4365. 

Cyclohexyl acetate. Cyclohexanol was purified by fractional freezing, followed by distil- 
lation through a 75 x 1-5 cm. column packed with Fenske helices, and had b. p. 161—162°/760 
mm., m. p. 24°, n,*5 1-4365. Acetylation gave cyclohexyl acetate, b. p. 176—177°/765 mm., 
n,*° 1-4400. 

(+)-Bornyl acetate. (-+)-Borneol (from British Drug Houses Ltd.) was crystallised from 
light petroleum (b. p. 60—80°) to a constant m. p. of 208° [mixed m. p. with (+-)-isoborneol, 
190—200°]. Acetylation gavé (-+-)-borayl acetate, b. p. 104°/20 mm., n,”* 1-4640. 

(+)-Isobornyl acetate. (-+-)-Isoborneol (from L. Light & Co. Ltd.) was crystallised from 
light petroleum (b. p. 60—80°) to a constant m. p. of 211° [mixed m. p. with (+)-borneol, 
190—200°]. Acetylation gave (+)-isobornyl acetate, b. p. 96°/15 mm., m,,** 1-4640. 

(+)-Menthyl acetate. (-+)-Menthol (from British Drug Houses Ltd.) was fractionated 
through a 30 x 3 cm. Vigreux cdlumn and had b. p. 106°/20 mm. Acetylation gave (+-)- 
menthyl acetate, b. p. 106°/20 mm., ,** 1-4440. 

(+)-Neomenthyl acetate. (-+)-Menthone, prepared by chromic acid oxidation of (+-)-menthol, 
was converted into (+)-neomenthol, b. p. 178°/340 mm., by the method used by Grubb and 


? Wicker, personal communication. 
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Read * for the preparation of the (+)-isomer. Acetylation gave (+)-neomenthy] acetate, b. p, 
99°/25 mm., n,*5 1-4472. 

trans-4-t-Butylcyclohexyl acetate. p-t-Butylphenol (140 g., from British Drug Houses Ltd.), 
crystallised from light petroleum (b. p. 60—80°) to a constant m. p. 99°, was hydrogenated in 
ethanol (250 ml.) at 100 atm. at 125° for 9 hr. with Raney nickel (10 g.). The crude 4-t-butyl- 
cyclohexanol, m. p. 60—70°, was converted into trans-4-t-butylcyclohexanol by Winstein and 
Holness’s method,‘ light petroleum (b. p. 100—120°) being used to crystallise the hydrogen 
phthalate ester to constant m.p. The pure alcohol had m. p. 81—82° (lit.,4 80—81°). Acetyl- 
ation with acetic anhydride gave trans-4-t-butylcyclohexyl acetate,* b. p. 110°/16 mm., n,% 
1-4500 (Found: C, 72-4; H, 10-7. C,,H,,O, requires C, 72-7; H, 11-2%). 

cis-4-t-Butylcyclohexyl acetate. The mother liquors from the fractional crystallisation of 
the foregoing hydrogen phthalate were evaporated to dryness and the residue (38 g.) was 
hydrolysed with aqueous sodium hydroxide, giving crude 4-t-butylcyclohexanol, m. p. 65—75° 
(18 g., 95%). The cis-isomer was isolated by chromatography on alumina (500 g.), light 
petroleum (b. p. 40—60°) containing 20% of ether being used as eluant. The product had m. p. 
79—81° (8 g.) and one crystallisation from aqueous ethanol gave pure cis-4-t-butylcyclohexanol 
(5 g.), m. p. 80—81° (lit.,4 81—82°). Acetylation with acetic anhydride gave cis-4-t-butylcyclo- 
hexyl acetate,* b. p. 104°/15 mm., n,*5 1-4480 (Found: C, 73-7; H, 11-6%). 

Reagents.—Sodium hydroxide. The solutions were prepared from a standard solution, free 
from carbonate (from British Drug Houses Ltd.). 

Potassium hydrogen phthalate. ‘‘ AnalaR ’”’ salt was dried at 120° and stored in a desiccator. 

Indicator.—The indicator used for all titrations was a mixture of Thymol Blue (6 parts of 
0-1% solution) and Cresol Red (1 part of 0-1% solution). 

Solvent.—Dioxan was purified as in Part I.1 A Karl Fischer moisture determination ® 
showed less than 0-1% of water to be present. The dioxan was mixed with boiled-out, distilled 
water to give either 3: 1 v/v water—dioxan or 1: 1 v/v water-—dioxan. 

Kinetic Procedure —The reactions were started by breaking a bulb containing a known 
weight of ester dissolved in dioxan above the hydrolysing solution of sodium hydroxide in a 
water—dioxan mixture. The reaction vessels were kept at temperatures constant to +0-02° 
and an atmosphere of carbon dioxide-free nitrogen was maintained above the surface of the 
liquid. The reactions were followed by quenching aliquot parts in an excess of standard 
potassium hydrogen phthalate solution and titrating the excess of acid with standard carbonate- 
free sodium hydroxide solution. With bornyl, isobornyl, menthyl, neomenthyl, and the 4-t- 
butylcyclohexyl acetates it was necessary to add ethanol (5 ml.) before the back-titration, in 
order to keep the reaction products in solution. The end-points thus obtained were sharp. 

The initial concentration of ester was 0-01 in every case, except for the 4-t-butylcyclohexyl 
acetates where, for reasons of solubility, an initial concentration of 0-005mM was used. The 
initial concentration of alkali was also 0-01M in every case, except for neomenthyl acetate, where 
a concentration of 0-02m was used in order to increase the rate of the reaction. 

Test for Elimination.—The products of a reaction of cyclohexyl acetate were extracted with 
toluene, and the extract dried (Na,SO,) and submitted to gas chromatography on a column of 
Silicone resin supported on Celite. A synthetic mixture containing added cyclohexene was 
submitted to gas chromatography under identical conditions. No cyclohexene (less than 5% 
could be detected in the products from the reaction of cyclohexyl acetate. 

Infraved Spectra.—Infrared spectra were measured in a Unicam S.P. 100 double-beam, 
infrared spectrophotometer, 1% v/v solutions of the esters in carbon tetrachloride being used. 


RESULTS 


The reaction between cyclohexyl acetate and hydroxide ion in 1:1 v/v water—dioxan at 
21-10° was carried out at three different initial concentrations, and, by application of the 
differential method,!® was shown to be of the first order with respect both to the ester and to 


* Since the completion of this work, ¢rans- and cis-4-t-butylcyclohexyl acetate have been reported 
by Lemieux, Kulling, Bernstein, and Schneider,*! but no analyses are given. With allowance for the 
temperature differences, their refractive indices are in reasonable agreement with those measured by us. 


8 Grubb and Read, J. Soc. Chem. Ind., 1934, 58, 52r. 


® Smith, Bryant, and Mitchell, J]. Amer. Chem. Soc., 1939, 61, 2407. 
10 Laidler, ‘‘ Chemical Kinetics,” McGraw-Hill, New York, 1950, p. 14. 
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hydroxide ion (orders 1-02 and 0-98 respectively). This was assumed to hold for the other cases 
also, as they all obeyed the second-order rate law (1) (for equal initial concentrations) or- (2) 
(for unequal initial concentrations) : 








Gehli= hilo eP. 2 we lt eee SO 
dsidtmhia—s0=—9) 2. 2 ee US 8 eS 
giving respectively 
1 1 
‘le = 9) ~ hy 
: or _ 2303 b 2-303 a—x 
t= Fb st teh bs 


where a is the initial concentration of hydroxide and b is that of ester. Values of the second- 
order rate coefficient, k,, were determined graphically from the slopes of plots of 1/(a — *) 
against ¢, or logy, (a — x)/(b — x) against ¢. The points all fell on good straight lines. A good 
proportion of the reaction was followed, usually 60—70%, and all the runs were done in 
duplicate, the values of k, generally agreeing to better than 2%. 


TABLE 1. Measured rate constants in 1: 1 water-dioxan, 10k, (1. mole sec."). 
(Figures in parentheses are temperatures in °c.) 





Acetate 
Cet © 55. ccarcisivsdecsacecsesiass 9-67 (15-50°) 22-80 (29-60°) 55-50 (45-50°) 
III 5 vs ccntntinserthacsede+s sine wate 11-70 (29-20) 29-50 (44-75) 69-50 (60-10) 
trans-4-t-Butylcyclohexyl ............ 17-50 (34-25) 35-00 (47-15) 61-00 (57-50) 
cis-4-t-Butylcyclohexyl ............... 3-45 (38-90) 6-13 (48-90) 11-60 (59-30) 
trans-2-Methylcyclohexy] ..............+ 3-09 (29-20) 8-15 (44-20) 20-60 (60-10) 
cis-2-Methylcyclohexy] .................. 2-06 (34-75) 4-80 (47-78) 10-40 (60-05) 
4 trans-3-Methylcyclohexy] ............... 5-00 (34-50) 11-20 (47-37) 23-20 (60-16) 
cis-3-Methylcyclohexy] ..............06++ 18-20 (34-57) 38-00 (47-78) 72-00 (60-05) 
trans-4-Methylcyclohexy] ............... 5-27 (14-80) 14-00 (29-20) 37-00 (44-75) 
cis-4-Methylcyclohexy] ...............+6. 7-07 (36-48) 13-77 (47-34) 29-14 (60-00) 
PND Scevcndctackctontecesvacstccsoesises 4-40 (34-57) 7-80 (44-48) 19-20 (59-90) 
OO manip iedbieidinestagucdhce 0-307 (29-20) 0-965 (44-20) 3-16 (59-90) 
BIE. cis uneudsuebdessdenseninanavadpannes 1-13 (36-48) 2-33 (47-70) 5-20 (60-30) 
PRUUEOINEE  cacesscndessnassenesesvepesces 0-43 (57-50) 


* In 3: 1 water—dioxan. 


TABLE 2. Rate constants interpolated to 40°, and Arrhenius parameters in 
1: 1 water—dioxan. 
(A, and A in 1. mole™ sec.!; E in kcal. mole“) 





Acetate 10°, (40°) E logi9 A 
CIEE © i cscndcreravacienvsenbuspetinpensciequen 40-5 10-50 5-94 
CNEL. a cnnwsstinparcnedconsnstsitsashereanensie’ 22-3 11-49 6-37 
trans-4-t-Butylcyclohexyl  ...........sseeeeeees 24-0 10-79 5-92 
cis-4-t-Butylcyclohexy]  ..........s.ssseeeseeees 3-61 12-44 6-24 
trans-2-Methylcyclohexy] ..............sseseeeees 6-27 12-11 6-25 
cis-2-Methylcyclohexy] ..............ssssseseseees 2-93 13-01 6-54 
trans-3-Methylcyclohexy] .............ssseeeeeeee 7-00 12-22 6-38 
cis-3-Methylcyclohexy] .................ccececeees 24-7 10-63 5-81 
trans-4-Methylcyclohexy] ............0sseeeeeees 27:7 11-83 6-70 
cis-4-Methylcyclohexy] ..............sseseseseeees 8-77 12-45 6-63 
| eR. caennaeenaptbebatees 6-03 11-89 6-08 
MOE | un cadivsuvavsdevessscessdsepesiaeuaanenen 0-716 15-25 7-50 
PIII, yonevecsddenssahpessiewnmedesiivqansaediensing 1-41 13-15 6-33 
4-34 t 
MPNPIEIE © scenes csosccovtsssmsetehasionteseeeons 0-43 
* In 3:1 water-dioxan. f 10°, at 57-50°. 


The results are summarised in Table 1, and values of k, interpolated to 40°, together with 
the Arrhenius parameters, are collected in Table 2. The results of the infrared spectroscopic 
measurements are collected in Table 3. 
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TABLE 3. Infrared spectroscopic measurements (in carbon tetrachloride solution). 


Band at ca. 1250 cm.-! Bands in 1020—1060 cm. 
(acyl-oxygen Band in 1130— range (alkyl-oxygen 

Acetate stretching) 1200 cm.“ range stretching) 
tvans-4-t-Butylcyclohexyl ... Simple _ 1034, 1052 
cis-4-t-Butylcyclohexyl ...... Complex 1183 1025 
rrr ere Simple 1132 1030, 1052 
tvans-2-Methylcyclohexyl ... Simple — 1036 
cis-2-Methylcyclohexyl ...... Complex 1139 1025 
trans-3-Methylcyclohexyl ... Complex 1139 1025, 1047 
cis-3-Methylcyclohexyl ...... Simple _ 1033, 1048 
trans-4-Methylcyclohexyl ... Simple _— 1039 
cis-4-Methylcyclohexyl ...... Complex 1139, 1168 1025, 1042 
PT ; stetinasopnebqretnessaae Simple — 1032, 1044 
PORES os ccccresccecvesesces Compiex 1154 1027, 1033 
SNE * weds rcccccstecdésedeciianie Simple —_— 1041, 1055 
OIE siccte dicen vissiinscnsnen Simple 1193 1028, 1060 

DISCUSSION 


The 4-t-Butylcyclohexyl Acetates.—It should be noted that these compounds do not obey 
the revised Auwers-Skita rule,™+!2 which states, inter alia, that the isomer of least conform- 
ational stability has the higher refractive index. In fact, the conformationally more 
stable trans-4-t-butylcyclohexyl acetate has a higher refractive index than its cis-isomer. 
A similar exception to the rule has been noted for the melting points of the methyl 4+t- 
butylcyclohexanecarboxylates.! 

The trans- and cis-4-t-butylcyclohexyl acetate are assumed to exist entirely as conform- 
ations containing equatorial t-butyl groups. 

The Conformations of the Remaining Acetates—Table 2 contains a list of rates inter- 
polated to 40°. It can be seen that the rate for cyclohexyl acetate (in 1 : 1 water—dioxan) 
falls between those for the 4-t-butylcyclohexy] acetates, t.e., between the rate for a purely 
equatorial and for a purely axial acetoxy-group. Since its rate is nearer to that for 
trans-4-t-butylcyclohexyl acetate, cyclohexyl acetate must exist mainly in conformation (I), 
with its acetoxy-group equatorial. A quantitative assessment of the conformational 
equilibrium can be made by application of equation (3), due to Winstein and Holness: ¢ 


Robs. == kpNz + kiNa . . . . . . . . (3) 


where k,».. is the observed rate coefficient, ky and k, are the rate coefficients corresponding 
to a purely equatorial conformation reacting through an equatorial-type transition state, 
and purely axial conformation reacting through an axial-type transition state, respectively, 
and Ny and N, are the mole-fractions of equatorial and axial conformations, respectively. 
Putting kg and k, equal to the rate coefficients for trans- and cis-4-t-butylcyclohexyl 
acetate, respectively, we find the value of Ny for cyclohexyl acetate at 40° to be 0-92. 
Equations (4) and (5) give values for the conformational equilibrium constant, K, and the 


K = Nz/Na . . . . . . . . . (4) 
SS a a aa 


free-energy difference between the conformations, AG, of 11-1 and 1-5 kcal./mole, respectively. 
The values of Ny, K, and AG for cyclohexyl acetate, together with the corresponding 
values for the other acetates, are collected in Table 4. In every case, Ng refers to the 
conformation with an equatorial acetoxy-group and AG is positive when this conformation 
is the more stable one. 


" Allinger, Experientia, 1954, 10, 328. 
% Kelly, Canad. J. Chem., 1957, 35, 149. 
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The results for trans-3-methylcyclohexyl acetate and cis-4-methylcyclohexyl acetate 
have been obtained in an exactly similar way to those for cyclohexyl acetate. The rates 






>m.71 of hydrolysis of trans-4-methylcyclohexyl acetate and of cis-3-methylcyclohexyl acetate 
are slightly greater than that for trans-4-t-butylcyclohexyl acetate and Nx, is, therefore, 
taken as unity for these compounds. 
TABLE 4. Positions of conformational equilibria and free-energy differences in 
1: 1 water—dioxan at 40°. 
5 A 
4 Acetate Nz K (kcal. mole~?) 
Fs Cyclohexyl ......s..ccccssscccscvcscevcsevevcecsesecscsveceoes 0-92 11-1 +1:5 
trans-4-t-Butylcyclohexyl]  ...........scsceseeseseeeenees 1-00 —— ~ 
Che DTIC POMEL ann cs nc dccnecccccledsececsccedece 0-00 = —- 
4 trans-2-Methylcyclohexy] .............ssssecesesseeseseees 1-00 — —_— 
§ C60 B-DESER PIC HCRUOMOEG A 0.0 00cccscccccsscosccsossescccescoes 0-37 0-60 —0-3 
tvans-3-Methylcyclohexy] ................ccececcsseccscees 0-17 0-20 —1-0 
cis-3-Methylcyclohexy] ................ssscccessesesseceecs 1-00 — — 
j trans-4-Methylcyclohexy] .............scceccesesessesceees 1-00 —< oa 
t. GEO-E-REST FIC PCROOEYE oon ccesccccseseccccscsccescscesoscos 0-25 0-34 —0-°7 
i eee TORE EES EAN SS fe ge sere nrend Sp Seer et eee 1-00 * —- “= 
bey z SS POCORN ark Oe Pe ene 0-00 * — — 
m- | * At 57-50°. 
ore Nx is the mole fraction of conformation containing an equatorial acetoxy-group. K and AG are 
ner calculated from equations (4) and (5), and a positive value for AG means that the conformation with 
4. t. ; the equatorial acetoxy-group is the more stable. 
rm- [ The rates for the 2-methylcyclohexyl acetates are considerably lower than those for 
2 the other methylcyclohexyl acetates, and it is evident that retardation due to the primary 
ter- ff steric effect of the 2-methyl group is an added complication in the reactions of these 
an) ff compounds. The polar (inductive) effect of the 2-methyl group may also have a slight 
rely ff influence. The above method of analysis cannot, therefore, be applied to these cases. 
for However, it can reasonably be assumed that ¢rans-2-methylcyclohexyl acetate, like 
(I), trans-4- and cis-3-methylcyclohexyl acetate, exists entirely in the conformation with its 
mal acetoxy-group equatorial (III). The alternative conformation (IV), with both groups in 
4 
) Me Me OAc 
' OAc 
ling OAc 
ate, te OAc eg 
ely, § (III) (IV) (V) (VI) 
ly. §£ 
xyl 
om axial positions, is likely to be considerably less stable. It is further assumed that the rate 
the of hydrolysis of conformation (V) of cis-2-methylcyclohexyl acetate is the same as that 
of the tvans-isomer [i.e., conformation (III)]. This is again a reasonable assumption, 
) F since the equatorial acetoxy-group is the same distance from the 2-methyl group, whether 
) the latter is equatorial or axial. Thus the primary steric effect of the methyl group can 
be expected to be identical for the hydrolysis of both (III) and (V). Any polar effect of the 
ly. &§ methyl group should also be identical in the two cases. A value for the rate coefficient 
ing § for hydrolysis of conformation (VI) is arrived at by assuming that the rate ratio, (III) to 
the ff (VI), is the same as that for trans- to cis-4-t-butylcyclohexyl acetate (6-64). In this way, 
ion application of equation (3) (with ‘kg = 0-00627, and ky = 0-00627/6-64) to cis-2-methyl- 


cyclohexyl acetate gives a value for Ny of 0-37. 
Since the rate of hydrolysis of neomenthyl acetate was only determined at one tem- 
perature (57-50°), the conformations of this compound and of menthyl acetate are con- 
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sidered at this temperature. It is safe to assume that menthyl acetate will exist entirely 
as conformation (VII) with all three groups equatorial, rather than as conformation (VIII) 
with all three groups axial. As the rate ratio fot menthyl to neomenthyl acetate at 


CHMe CHMe 
Me “a; yee , 
: OAc 
CHMe, OAc CHMe, 
Me Me 
(VII) (VIII) (IX) (X) 


57-50° (10-1) is greater than that for trans- to cis-4-t-butylcyclohexyl acetate at the same 
temperature (5-93), neomenthyl acetate must exist entirely in conformation (IX) with an 
axial acetoxy-group, and not at all in conformation (X). The primary steric and polar 
effects of the 2-isopropyl group are no doubt responsible for the lower rates of the menthyl 
acetates than of those of the 4-t-butylcyclohexyl acetates, but these effects should be the 
same in (VII) as in (IX) and (X) and should not, therefore, influence the rate ratio. 

In bornyl and isobornyl acetates the cyclohexane ring is fixed in the boat-conformation 
by the presence of the CMe, bridge. Bornyl acetate (XI) has its acetoxy-group in the 
“ boat-axial ” conformation, and the acetoxy-group and the methyl group on adjacent 

carbon atoms are cis. In spite of this cis-relation, models show 


a a we ne that the relative positions of these two groups are very similar 
in bornyl acetate and in diequatorial trans-2-methylcyclohexyl 
acetate. This similarity is borne out by the kinetic results. 

Me H Me OAc 

OAc H 


Both compounds give very similar rates and Arrhenius para- 
meters (cf. Table 2). This’ presumably means not only that 
the relative disposition of the methy] and acetoxy-groups is 
similar in the two compounds, but also that the “ boat-axial” 
acetoxy-group in bornyl acetate is not appreciably more hindered than the equatorial 
acetoxy-group in ¢rans-2-methylcyclohexy] acetate. 

Hydrolysis of isobornyl acetate (XII) is characterised by an appreciably higher energy 
of activation (15-3 kcal. mole) than the hydrolyses of the other compounds studied here 
(10-6—13-2 kcal. mole), and this is undoubtedly due to the primary steric effect of the 
gem-dimethyl group. 

Spectroscopic Measurements.—In spite of the different solvent and temperature used 
for the infrared measurements (carbon tetrachloride at room temperature instead of 1:1 
water—dioxan at 40°), the results in Table 3 provide striking support for the conformations 
deduced above from the kinetic data. It has previously been shown }"* that, for certain 
acetoxy-steroids, a compound containing an equatorial acetoxy-group can be distinguished 
from one containing an axial acetoxy-group (a) by a simple, rather than a complex, peak at 
about 1250 cm. (acyl-oxygen stretching), and (b) by higher frequency absorption in the 
1020—1060 cm. range (alkyl-oxygen stretching). This same pattern is shown by the 
4-t-butylcyclohexy]l acetates, the ¢vans-isomer giving a simple peak at 1250 cm. and peaks 
at 1034 cm. and 1052 cm."1, and the cis-isomer giving a complex (triple) peak at 1250 cm.+ 
and a peak at 1025 cm.. Also, the two isomers show different behaviour in the 1130— 
1200 cm. range. The cis-isomer gives a weak medium peak at 1183 cm.-, while the 
trans-isomer does not absorb in this region. The origin of the peak at 1183 cm. is not 
clear. It may be associated with one or other of the carbon—oxygen stretching vibrations 
or it may just conceivably be a grossly displaced carbon-hydrogen deformation band. 

Comparisons with Results of Other Workers.—Winstein and Holness * have measured 
the rates of alkaline hydrolysis in water of the hydrogen phthalates of cyclohexanol and 


(X1) (XII) 


13 Jones, Humphries, Herling, and Dobriner, J. Amer. Chem. Soc., 1951, 78, 3215. 
M™ Page, J., 1955, 2017. 











/-_ nna a ion ae |) 





irely 
III) 
e at 


ame 
1 an 
olar 
thyl 
the 


tion 

the 
cent 
how 
ilar 
exyl 
ults, 
ara- 
that 
S is 
al” 
rial 


gy 
ere 
the 


ions 








(1960) Conformation and Reactivity. Part II. 3641 


cis- and trans-4-t-butylcyclohexanol. Their ratio of rates for trans- to cis-t-butyl com- 
pound (i.¢., rate of purely equatorial ester to purely axial ester) at 39° (10) is rather greater 
than our analogous ratio at 40° (6-6). Since cyclohexyl hydrogen phthalate is hydrolysed 
slightly more rapidly than its trans-4-t-butyl derivative, it must presumably be entirely 
in the conformation with the ionised hydrogen phthalate group equatorial. This is not 
surprising in view of the size of the ionised hydrogen phthalate group. A similar 
investigation by Hennion and O’Shea ® into the alkaline hydrolysis in aqueous acetone of 
the p-nitrobenzoates of the same three cyclohexanols gave an equatorial/axial ratio at 25° 
of 2-5. In this case the cyclohexyl ester reacted more slowly than its trans-4-t-butyl 
derivative and application of equation (3) showed 84% of equatorial cyclohexyl p-nitro- 
benzoate at 25°. Measurement of the hydrolysis rates of methyl cyclohexanecarboxylate 
and of its cis- and trans-4-t-butyl derivatives in 1:1 water-dioxan! gave an 
equatorial : axial ratio of 17 at 30°. The high ratio here is due to the attack of the 
hydroxide ion at a position one atom nearer to the cyclohexane ring than in the hydrolysis 
of cyclohexyl esters: 


OH i. 
Hydrolysis of Hydrolysis of 
cyclohexanecarboxylate cyclohexyl ester 


The increased proximity of the ring should not significantly affect the rate of hydrolysis 
of the equatorial isomer, but will increase the steric compression in the axial transition 
state, thereby reducing the rate of hydrolysis of the axial compound and increasing the 
equatorial : axial ratio. In this work methyl cyclohexanecarboxylate reacted faster than 
its trans-4-t-butyl derivative and presumably, therefore, exists entirely in the conformation 
with its methoxycarbonyl group equatorial. 

Other related kinetic investigations include the acetylation with acetic anhydride in 
pyridine of cyclohexanol and its cis- and trans-4-butyl, cis- and trans-4-methyl, and cis- 
and trans-3-methyl derivatives; 1® the alkaline hydrolysis in aqueous ethanol of the six 
methylcyclohexyl hydrogen phthalates; 1” the alkaline hydrolysis in aqueous ethanol of 
bornyl and isobornyl acetates; 1* and the esterification with -nitrobenzoyl chloride in 
pyridine of menthol and neomenthol.?® 

The overall picture presented by the above investigations and the relative magnitudes 
of the rate coefficients conform closely with our results. 

With regard to spectroscopic investigations, equatorial and axial cyclohexyl bromides 
have been distinguished by their infrared spectra %° and equatorial and axial cyclohexyl 
acetates by their proton magnetic resonance spectra.*4 

Arrhenius Parameters.—For every pair of cis-trans-isomers studied, the compound with 
the greater proportion of equatorial acetoxy-conformation gives the lower energy and 
entropy of activation. This is probably because the type of closely packed transition 
state formed from an equatorial acetoxy-compound, such as trans-4-t-butylcyclohexyl 
acetate, cannot be formed from an axial acetoxy-compound, such as cis-4-t-butylcyclo- 
hexyl acetate, without appreciable steric compression from 1 : 3-diaxial interactions. In 
axial acetoxy-compounds, therefore, it may be supposed that the system prefers a more 


1% Hennion and O’Shea, J. Amer. Chem. Soc., 1958, 80, 614. 

16 Eliel and Lukach, J. Amer. Chem. Soc., 1957, 79, 5986. 

1 Cornubert, Bull. Soc. chim. France, 1956, 996. 

18 Lipp and Bund, Ber., 1935, 68, 249. 

1 Read and Grubb, /J., 1934, 1779. 

2 Eliel and Haber, J. Org. Chem., 1959, 24, 143. 

*1 Lemieux, Kulling, Bernstein, and Schneider, J. Amer. Chem. Soc., 1958, 80, 6098. 
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loosely packed transition state (t.e., one in which the hydroxide ion is further away from 
the carbonyl carbon atom), with the higher energy and entropy of activation which this 
implies. In the case of the bornyl acetates the position is reversed and it appears that, 
in this particular ring system, the transition state from a boat-axial acetoxy-group is 
subject to less steric compression than that from a boat-equatorial acetoxy-group. 

Cyclohexyl acetate and trans-4-methylcyclohexyl acetate are exceptions to this 
generalisation. These two compounds, with their acetoxy-groups entirely or almost 
entirely in the equatorial conformation, might have been expected to give Arrhenius 
parameters similar to those for trans-4-t-butylcyclohexyl acetate (as does cis-3-methyl- 
cyclohexyl acetate). In fact, however, they give both higher energies and higher entropies 
of activation. There does not seem to be any obvious explanation for this behaviour. 


TABLE 5. Rates of hydrolysis and positions of conformational equilibrium at 40° 


and at 100°. 
Acetate 10° k49 10°29 Nz, 40 Nz, 100 

IID, nsncncnantch dienes as sicesiebonssasieeinasieneds 22:3 434 0-92 1-00 
trans-4-t-Butylcyclohexyl  ............ssecescscsseees 24-0 395 1-00 1-00 
cis-4-t-Butylcyclohexyl  ...........ccscscsscccsccscees 3-61 89-5 0-00 0-00 
trans-2-Methylcyclohexy] ...........s.ssssecesssssevees 6-27 143 1-00 1-00 
cis-2-Methylcyclohexy] .............cccscssescsssesceees 2-93 83-2 0-37 0-46 
tvans-3-Methylcyclohexy] ..............cssseseseesesees 7-00 166 0-17 0-25 
cis-3-Methylcyclohexy] ...............ccccssscssessceees 24-7 383 1-00 0-96 
trans-4-Methylcyclohexy] .............ccsccccesccsceees 27-5 588 1-00 1-00 
cis-4-Methylcyciohexy] .............scccscccssecccsecees 8-77 216 0-25 0-41 
BD nckacnrnencsepsenekvorcrvetsscisecbabecbesnacueasteses 6-03 130 

DOUITNG, -pasenccncidsvtsnndicsnseddenteespawnsaesnasersse 0-716 37-0 

IIENG. d0sndtipbahssaustnsetsoinisppbasnaaneiseeséaseanen 1-41 42-4 1-00 1-00 


The Arrhenius parameters have been used to calculate the rates of hydrolysis at 100° 
and, from these rates, values of Ny, have been determined as above. The results are 
compared with those for 40° in Table 5. For cis-2-, trans-3-, cis-3-, and cis-4-methylcyclo- 
hexyl acetate the variation of Ny with temperature is in the expected direction, a greater 
proportion of the higher-energy conformation being present at the higher temperature. 
Cyclohexyl acetate and trans-4-methylcyclohexyl acetate are again anomalous, however. 
Both compounds give greater rates of hydrolysis than does “‘ purely equatorial ”’ trans-4-t- 
butylcyclohexyl acetate, the rate for the trans-4-methyl compound being almost 50% 
greater. Furthermore, cyclohexyl acetate appears to contain more of the lower-energy 
equatorial form at 100° than it does at 40°. 

In spite of these apparent anomalies, which may be due to our neglect of the small 
polar effect of the alkyl groups, the kinetic and spectroscopic evidence leaves little doubt 
that, at low temperatures, trans-2-, cis-3-, and trans-4-methylcyclohexyl acetates and 
menthyl acetate exist entirely in conformations with their acetoxy-groups equatorial, 
cyclohexyl acetate exists almost (but not quite) entirely in such a conformation, and 
cis-2-, trans-3-, and cis-4-methylcyclohexyl acetates and neomenthyl acetate exist mainly 
in conformations with their acetoxy-groups axial. The bornyl acetates have fixed 
conformations, and the conformations of the 4-t-butylcyclohexyl acetates are assumed to 
be fixed also. The accuracy of the kinetic results and the validity of the underlying 
assumptions is such that it is probably not jusiifiable to state the conclusions in a more 
quantitative way than this. 

The Effect of Solvent.—One reaction, that of cyclohexyl acetate has been studied in 
both 1:1 water-dioxan and 3:1 water—dioxan, and the results are shown in Tables l 
and 2. Since bimolecular alkaline hydrolysis of esters with acyl—oxygen fission is known 
to involve an intermediate,” the formation of which must be rate-determining (because 
of the well-known effects of polar substituents), it follows from the Hughes—Ingold theory 


22 Bender, J]. Amer. Chem. Soc., 1951, 73, 1626. 
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of solvent action ** that such hydrolyses should be slower in a more strongly solvating 
solvent. This is because the charge is more dispersed in the transition state than in the 
initial state: 

“E 
nt-or’ +OH- === R-C-OR’ 

’- OH 

Initial state Transition state 


However, reference to Table 2 shows that, at 40°, cyclohexyl acetate is hydrolysed almost 
twice as fast in 3: 1 water—dioxan as in 1: 1 water-dioxan, in direct contradiction to the 
above prediction. The higher rate in the more aqueous solvent is due to a lower energy of 
activation, partially offset by a lower entropy of activation. Many similar effects of 
solvent in ester hydrolysis have been discovered,™ but the fact that such cases provide 
exceptions to the otherwise very generally applicable rule of Hughes and Ingold does not 
seem to have been sufficiently emphasised. 


One of us (P. J. A. S.) thanks the Ministry of Education for a State Scholarship. 


THE UNIVERSITY, SOUTHAMPTON. [Received, February 25th, 1960.]} 
%3 Ingold, “‘ Structure and Mechanism in Organic Chemistry,’’ G. Bell and Sons Ltd., London, 1953, 
p. 345. 


*% Tommila, Suomen Kem., 1942, 15, B, 9, and subsequent papers; Anantakrishnan, Proc. Indian 
Acad. Sci., 1952, 36, A, 201; Koivisto, Acta Chem. Scand., 1955, 9, 166. 





725. Polycyclic Cinnoline Derivatives. Part IV.* The Synthesis 
of Some Potential Carcinogens. 


By J. F. Corspett, P. F. Hort, and A. N. HuGHEs. 


Phenanthro[9,10-c]cinnoline and _ 7,12-diphenylnaphtho[2,3-c]cinnoline, 
which are potential carcinogens, have-been prepared by the reduction of 
2,2’-dinitrobiaryls. The synthesis of 7,12-diphenylnaphtho[2,3-c]cinnoline 
involves the use of 2,8-dinitrostyrene as a dienophile in a Diels-Alder 
reaction. 


ScumipT ! and, later, others have suggested that the carcinogenic activity of polycyclic 
aromatic hydrocarbons containing the phenanthrene ring system is related, at least in part, 
to the high electron-density of the K-region, 7.e., the 9,10-bond of phenanthrene. It was 
suggested in Part II ? of this series that certain polycyclic cinnoline derivatives, in which 
the methine groups of the K-region are replaced by nitrogen atoms, would be interesting 
as analogues of carbocyclic carcinogens, since they would have a higher electron-density 
at the K-region. 

Benzo[g|chrysene (I) is known to be strongly carcinogenic to mice.2 We have now 
prepared its heterocyclic analogue phenanthro[9,10-c]cinnoline (II) by the reduction of 
9-nitro-10-o-nitrophenylphenanthrene (III). The latter was obtained by a crossed 
Ullmann reaction between 9:bromo-10-nitrophenanthrene and o-bromonitrobenzene, a 
large excess of the latter being used to suppress the formation of 10,10’-dinitro-9,9’- 
biphenanthryl. 

9-Nitro-10-o-nitrophenylphenanthrene (III), when reduced by lithium aluminium 


* Part III, J., 1960, 3216. . 

' Schmidt, Z. phys. Chem., 1938, B, 39, 59; 1939, B, 42, 83. 

* Braithwaite and Holt, J., 1959, 3025. 

* Badger, Cook, Hewett, Kennaway, Kennaway, Martin, and Robinson, Proc. Roy. Soc., 1940, 
B, 129, 439, 453. 
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hydride, gives a low yield of phenanthro[9,10-c|cinnoline (II). The reduction of 2,2’-dj- 
nitrobiaryls with zinc dust and aqueous-alcoholic potassium hydroxide normally gives the 
corresponding cinnolines,* but in the present case gave a compound containing zinc. 


No, 
NO, 


(il) (III) 


Attempts were made to prepare phenanthro[9,10-cjcinnoline (II) by the cyclic 
dehydration of phenanthraquinone monophenylhydrazone. However, sulphuric acid does 
not affect the hydrazone even in many hours at 100°. Molten aluminium chloride yields 
a small quantity of phenanthraquinone and some polymeric material although no 
phenanthraquinone is formed if the reaction is performed under nitrogen. 

Benz{ajanthracene derivatives are also known to be strongly carcinogenic. The 
activity of the parent compound is increased by methyl or ethyl groups in the 7- or 12- 
position 5 although 7,12-diphenylbenz{a]anthracene (IV) is inactive. The preparation 
of the 2,2’-dinitrobiaryls required for the synthesis of the cinnoline analogues of benz{a}- 
anthracenes is difficult owing to the inaccessibility of suitable 2-halogeno-3-nitro- 
naphthalenes for the crossed Ullmann reaction with o-bromonitrobenzene. However, we 
have found that 2,8-dinitrostyrene and 1,3-diphenylisobenzofuran (V) undergo Diels—Alder 
addition in refluxing benzene, giving an adduct (VI) ‘which is dehydrated to 2-nitro-3-0- 
nitrophenyl-1,4-diphenylnaphthalene (VII) by acetic acid containing hydrogen bromide 
under reflux. We found no previous record of the use of 2,8-dinitrostyrene as a dieno- 
phile, although @-nitrostyrene gives adducts with a number of dienes.’ 


Ph Ph a Ph 
y= re) NO, 
= NO, 
Ph Ph Ph 
(V) 


(V1) ‘ (VIII) 


Reduction of the biaryl (VII) with lithium aluminium hydride gives a small yield of 
7,12-diphenylnaphtho[2,3-c]cinnoline (VIII) which is the heterocyclic analogue of 7,12- 
diphenylbenz[{a]anthracene. This compound gives an intensely violet picrate whereas 
other polycyclic cinnoline derivatives give yellow picrates.1 


EXPERIMENTAL 


9-Bromo-10-nitrophenanthrene.—This compound, prepared by Callow and Gulland’s 
method § in 9% yield, had m. p. 198—203°. Callow and Gulland record 34% and m. p. 
175—190°. 

9-Nitro-10-0-nitrophenylphenanthrene (III).—Copper-bronze powder (15 g.) was added 


* Braithwaite, Holt, and Hughes, J., 1958, 4073. 

5 Shear, Amer. J]. Cancer, 1938, 38, 499; Dunlap and Warren, Cancer Res., 1946, 6, 454; Chem. 
Abs., 1947, 41, 386; Shabad and Kleinenberg, Byull. Eksptl. Biol. Med., 1944,17, 57; Chem. Abs., 1945, 
39, 5316. 

® Cook, Proc. Roy. Soc., 1932, B, 111, 485. 

7 Allen, Bell, and Gates, J. Org. Chem., 1943, 8, 373. 

§ Callow and Gulland, /J., 1929, 2424. 
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portionwise in 25 min. with stirring to a mixture of 9-bromo-10-nitrophenanthrene (6 g.) and 
o-bromonitrobenzene (12 g.) at 220°. After a further 35 min. at 240° the mixture was cooled 
and extracted repeatedly with hot benzene. Boiling the extract with charcoal followed by 
filtration and concentration gave 9-nitro-10-0-nitrophenylphenanthrene which recrystallised 
from alcohol as pale yellow granules (2-13 g.), m. p. 167° (Found: C, 69-9; H, 3-6; N, 8-3. 
CopH2N 204 requires C, 69-8; H, 3-5; N, 8-2%). 

Phenanthro[9,10-c)cinnoline.—The dinitro-compound (III) (250 mg.) in benzene (200 ml.) 
and ether (100 ml.) was treated with lithium aluminium hydride (0-5 g.) in ether (100 ml.) and 
heated under reflux for 30min. Excess of hydride was decomposed with water, and the mixture 
filtered. The filtrate was concentrated to give a crude product which was dissolved in acetone, 
filtered through alumina, and allowed to crystallise. Phenanthro[9,10-c]cinnoline was obtained 
as orange-yellow needles (30 mg.), m. p. 223° (Found: C, 85-9; H, 4:4; N, 9-8. C,9H,.N, 
requires C, 85-7; H, 4:3; N, 10-0%). 

Reduction of 9-Nitro-10-o-nitrophenylphenanthrene with Zinc Dust and Alkali.—The dinitro- 
compound (III) (530 mg.) in 90% ethanol (250 ml.) was treated with aqueous potassium 
hydroxide (5 g. in 15 ml.) and zinc dust (15 g.). The mixture was heated under reflux for 2 hr., 
filtered, evaporated, and poured into water. Recrystallisation of the precipitate from acetone 
gave yellow plates of a complex containing zinc (53 mg.; m. p. 222°). An acid solution of the 
complex gave a white colour, characteristic of zinc, with molybdenum ferrocyanide paper 
(Found: C, 71-9; H, 4-2; N, 8-5; residue, 15-0. Calc. for CsH,,N,,Zn(OH),: C, 72-8; H, 4-0; 
N, 8:5; ZnO, 12-4%]. 

2,8-Dinitrostyrene.—2-Nitro-1-o-nitrophenylethyl nitrate was prepared by the method of 
Fieser and Daudt.® The nitrate (14-8 g.) was heated under reflux in 1:1 acetone—alcohol 
(200 ml.) for 3 hr. On evaporation and cooling, 2,$-dinitrostyrene separated as pale yellow 
prisms, m. p. 106—107° (lit., m. p. 106-5—107-5°). 

1,4-Epoxy-1,2,3,4-tetrahydro-2-nitro-3-0-nitrophenylnaphthalene.—1,3 - Diphenylisobenzofuran 
(0-7 g.) and 2,6-dinitrostyrene (0-5 g.) were heated under reflux in benzene (30 ml.) under 
nitrogen for 24 hr. Evaporation of the solution followed by the addition of light petroleum 
gave the adduct as almost colourless crystals (0-9 g.), m. p. 159° (Found: C, 72-4; H, 4-2; 
N, 6:1. CysHg oN,O, requires C, 72-5; H, 4-3; N, 6-0%). 

2-Nitro-3-0-nitrophenyl-1,4-diphenylnaphthalene.—The adduct (2 g.) was suspended in acetic 
acid (10 ml.) containing 35% hydrogen bromide and left overnight, then heated to the b. p. 
and cooled, to give 2-nitro-3-0-nitrophenyl-1,4-diphenylnaphthalene (0-8 g.). Recrystallisation 
from alcohol gave pale yellow needles, m. p. 226° (Found: C, 75-5; H, 4:2; N, 6-4. C,gH,.N,O, 
requires C, 75-4; H, 4:0; N, 6-3%). 

7,12-Diphenylnaphtho[2,3-c]cinnoline.—2 - Nitro -3-o-nitrophenyl-1,4-diphenylnaphthalene 
(0:12 g.) in benzene (20 ml.) and ether (30 ml.) was treated with lithium aluminium hydride 
(0-2 g.) in ether (20 ml.). Next morning the mixture was warmed for 15 min., then cooled, and 
the excess of hydride decomposed with water. After filtering, the mixture was evaporated to 
low bulk and percolated through alumina. Further evaporation gave 7,12-diphenylnaphtho- 
[2,3-c]cimnoline (VIII) as yellow rhombs (0-67 g.), m. p. 226°, Amax. (log €): 222 (4-6); 259 (4-6); 
293 (4°6); 336 (3-8); 351 (3-9); 368 (4-0); 402 (3-6); 420 (3-5) (Found: C, 88-0; H, 4-6; 
N, 7:2. C,gH,,N, requires C, 88-0; H, 4-7; N, 7-°3%), giving a deep purple-brown colour with 
concentrated sulphuric acid. The monopicrate, prepared in alcohol, was obtained as violet 
needles, m. p. 114° (decomp.) (Found: C, 67-2; H, 3-7; N, 12-1. C,,H,,N,O, requires C, 66-9; 
H, 3-4; N, 11-5%). 


The authors are indebted to Imperial Chemical Industries Limited, Paints Division, for a 
Maintenance Allowance (to A. N. H.) and to Miss M. L. Booker for technical assistance. 

UNIVERSITY OF READING. [Received, March 3rd, 1960.] 

® Fieser and Daudt, J. Amer. Chem. Soc., 1946, 68, 2248. 
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726. Polycyclic Cinnoline Derivatives. Part V.1 Some 
Unsymmetrical Polycyclic Cinnolines. 
By J. F. Corsett and P. F. Hott. 


The preparation of two new cinnoline derivatives by the reduction of 
dinitrobiaryls is described, together with a study of these and other polycyclic 
derivatives of cinnoline. Tentative structures have been ascribed to the 
N-oxides and quaternary salts of the unsymmetrical cinnolines. The 
formation of stable salts is a general property of these cinnolines. 


Part II ? of this series described the preparation and some of the properties of symmetrical 
polycyclic derivatives of cinnoline. Reduction of 0o0’-dinitrobiaryls was suggested as a 
general method for their preparation. We have now obtained the compounds (I)—{(III) 
by similar methods. Naphtho[2,]-c]cinnoline (II) has been prepared by Badger and 
Walker by the oxidation of 1l-o-aminophenyl-2-naphthylamine with permonosulphuric 
acid. 

The necessary unsymmetrical 0o’-dinitrobiaryls were prepared by mixed Ullmann 
reactions. Whaley e¢ al.‘ described the preparation of 1-nitro-2-o-nitrophenylnaphthalene 
by a mixed UlJmann reaction without a solvent; they did not state the yield. Repetition 
of this method gave variable results, the maximum yield being 15%. Employing an 
excess of o-bromonitrobenzene with 2-bromo-l-nitronaphthalene in dimethylformamide 
gives yields of up to 30% of the unsymmetrical biaryl. 1',2-Dinitro-1,2’-binaphthyl was 
prepared by the method of Ward and Pearson ® and 2-nitro-l-o-nitrophenylnaphthalene 
was obtained by a similar method, the reactions being carried out below 170° in order to 
avoid the formation of 2,2’-dinitro-1,1’-binaphthyl. The use of dimethylformamide 
resulted, in each case, in the formation of all three Possible products, inseparable by 
crystallisation or chromatography. 

1-Nitro-2- and 2-nitro-l-o-nitrophenylnaphthalene, and 1’,2-dinitro-1,2’-binaphthyl, 
are reduced to the cinnolines (I), (II), and (III), respectively, by lithium aluminium 
hydride or by zinc and potassium hydroxide in aqueous ethanol. Reduction with sodium 
amalgam in methanol gives the corresponding diaminobiaryls; under similar conditions 
the cinnolines are also reduced to diamines. It has previously been shown that 1,1’-di- 
nitro-2,2’-binaphthyl and 2,2’-dinitro-1,1’-binaphthyl and the corresponding cinnolines 
(IV) and (V) give the diaminobinaphthyls under these conditions.2. On the other hand, 
2,2’-dinitrobiphenyl is reduced to NN’-dihydrobenzofc]cinnoline with sodium amalgam 
in methanol,® and the reagent has been used to prepare a number of substituted benzofc]- 
cinnolines.? Thus reductive fission of the -N=N- bond occurs more readily with the 
higher polycyclic derivatives than with benzo{c]cinnoline. 

The reduction of 0o0’-dinitrobiaryls with sodium sulphide and sodium hydroxide in 
aqueous ethanol has been shown to give the cinnoline N-oxide.§ 1-Nitro-2-o-nitrophenyl- 
naphthalene and 1’,2-dinitro-1,2’-binaphthyl with this reagent give single products 
which are, in each case, identical with the products of the oxidation of the corresponding 
cinnoline with peracetic acid. Reduction of 2-nitro-l-o-nitrophenylnaphthalene under 
similar conditions, or oxidation of naphtho[2,1-c]cinnoline (II), gives, probably, a mixture 
of the two isomeric N-oxides. It appears that only one of the nitrogen atoms in naphtho- 
[1,2-c]cinnoline and in benzo[f]naphtho[1,2-c]cinnoline can readily co-ordinate to an 

1 Part IV, preceding paper. 

® Braithwaite and Holt, J., 1959, 3025. 

* Badger and Walker, J., 1956, 122. 

* Whaley, Meadow, and Robinson, J. Org. Chem., 1954, 19, 973. 

5 Ward and Pearson, J., 1959, 3378. 

* Tauber, Ber., 1891, 24, 3081. 

? Kenner and Stubbins, J., 1921, 593; Meyer, Ber., 1893, 26, 2238; Braithwaite, Holt, and Hughes, 


J. 1958, 4073. 


* (a) Ullmann and Dieterle, Ber., 1904, 37, 23; (b) ref. 2. 
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oxygen atom. Molecular models and a scale diagram indicate considerable intramolecular 
overcrowding between an oxygen atom bonded to a nitrogen atom adjacent to the 
]-position of a naphthalene nucleus, and the peri-hydrogen atom. There is however no 
such overcrowding if the oxygen is in the alternative position. On this basis we suggest 
that the N-oxides of naphtho{1,2-c]cinnoline and benzo[f}naphtho[1,2-c]cinnoline are the 
6-oxides. These results are similar to those of Badger and Lewis, who studied the oxidation 
of diaryl azo-compounds.® Our suggestion is also supported by a study of quaternary 
salt formation by the polycyclic derivatives of cinnoline. Quaternisation, by refluxing 
the cinnoline with freshly distilled methyl iodide in nitromethane, was manifested by 
considerable darkening of the solution. Quaternary salts were given by the cinnolines 
(1), (II), (III), and (V); a methotri-iodide of the latter has been described,? and benzo{c] - 
cinnoline methiodide has been prepared.” Benzo{hjnaphtho[1,2-cjcinnoline (IV), in 
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which co-ordination to both nitrogen atoms is hindered, was recovered after 12 hr. under 
reflux; no darkening of the reaction mixture occurred. Thus, while this cinnoline gives 
an N-oxide on oxidation,? the more bulky methyl group cannot be accommodated. This 
indicates that steric effects are of prime importance in these reactions. The methiodides 
of naphtho[1,2-c]cinnoline (I) and benzo[f]naphtho[1,2-c]cinnoline (III) are probably 
quaternised at the 6-nitrogen atom, and the product obtained from naphtho[2,1-c]cinnoline 
(II) is probably a mixture of two isomeric methiodides. 

Like the N-oxides of the symmetrical polycyclic derivatives of cinnoline,? the N-oxides 
of the unsymmetrical derivatives are reduced to the parent cinnolines by lithium aluminium 
hydride or, less well, by stannous chloride and hydrochloric acid. With excess of either 
reagent reduction proceeds to the NN’-dihydro-cinnoline; this was evident from the 
formation of a colourless solution, but these dihydro-derivatives are readily oxidised in air 
to the cinnoline and were not isolated. 

Reduction of benzo[c]cinnoline with zinc and acetic acid has been shown to give the 
unstable NN’-dihydrobenzo{c]cinnoline.6 Schénberg and Rosenthal reported that 
dibenzo{ f,h}phenanthro[9,10-c]cinnoline was not attacked by this reagent,” but it seems 
likely that the unstable dihydro-derivative was formed but not isolated. Benzo[h}naphtho- 
[1,2-c]cinnoline is reduced to dibenzo[a,i]carbazole by zinc and acetic acid.2 Meisenheimer 
and Witte reported the reduction of benzo[f]naphtho[2,1-c]cinnoline (V) to 2,2’-diamino- 
1,l'-binaphthyl after } hour’s refluxing. We have made a systematic study of the 
reduction of polycyclic cinnoline derivatives with this reagent, and find that reduction to 
the NN’-dihydro-cinnoline is rapid—a sample removed from the reaction mixture 1 min. 
after the addition of the zinc dust decolorises Methylene Blue solution. Further 
reduction is slow, between 2 and 6 hr. being necessary. Benzo{c]cinnoline and phenanthro- 
[9,10-c]cinnoline were not reduced beyond the NN’-dihydrocinnoline after 12 hours’ 
refluxing. Contrary to the results of Meisenheimer and Witte,” we recovered benzo[ /]- 
naphtho[2,1-c]cinnoline after ? hour’s refluxing, but obtained dibenzo[c,g]carbazole with 


* Badger and Lewis, J., 1953, 2151. 
© Wohlfahrt, J. prakt. Chem., 1902, 65, 295; Ullmann and Dieterle, ref. 8(a). 
" Schénberg and Rosenthal, Ber., 1921, 54, 1789. 

1 Meisenheimer and Witte, Ber., 1903, 36, 4153. 

8 Cf. Wittig and Stichnoth, Ber., 1935, 68, 928. 
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reaction times of 2—6 hr. Naphtho(2,1-cjcinnoline (II) and benzo[f}naphtho[1,2-c}. 
cinnoline (III) give benzo{cjcarbazole and dibenzo{a,g|carbazole respectively. Naphtho- 
[1,2-c]cinnoline (I) is not readily reduced beyond the NN’-dihydro-cinnoline, but after 
12 hours’ refluxing with zinc and acetic acid we obtained impure 5,6-dihydrobenzo{a)- 
carbazole (VIII), m. p. 151—153°; the m. p. was not raised to that of authentic 5,6-di- 
hydrobenzo[a]carbazole (VIII), m. p. 163—164°, after repeated recrystallisation and 


Se 
— NH, 
(VI) (VII) wae 


chromatography on alumina. However, the mixed m. p. with the authentic sample was 
156—158°, and the m. p.s of the picrate and the tetrachlorophthalic anhydride addition 
compound of the two samples were in close agreement. The ultraviolet absorption spectra 
of authentic 5,6-dihydrobenzo[a]carbazole (Amax. 242, 248, 305, 316, 327, and 342 my) and 
of the sample obtained from the reduction of the cinnoline (Amax, 242, 248, 276, 305, 316, 
327, and 342 my) support the assignment of this structure. The additional peak, at 
276 my, in the spectrum of the impure sample indicates that the impurity may be benzofa]- 
carbazole which absorbs strongly in this region. It seems likely that the reduction takes 
place in four stages, via 5,6-dihydronaphtho[1,2-c]cinnoline, 5,6,11,12-tetrahydronaphtho- 
[1,2-c]cinnoline (V1), and 2-o-aminophenyl-3,4-dihydro-l-naphthylamine (VII), which is 
then deaminated to 5,6-dihydrobenzo[a]carbazole (VIII). In support, we find that 
benzo[a]carbazole is not reduced by zinc and acetic acid. The suggested intermediate 
(VI) is, on the basis of Robinson and Robinson’s mechanism for the Fischer indole 
synthesis, the intermediate in the synthesis of 5,6-dihydrobenzo[a]carbazole from 
a-tetralone and phenylhydrazine. The dihydrocarbazole gives the carbazole when 
refluxed with chloranil in xylene. 

It is noteworthy that, of the polycyclic derivatives of cinnoline which we have investig- 
ated, only those in which at least one of the nitrogen atoms is attached to a naphthalene 
ring system can be reduced beyond the NN’-dihydrocinnoline stage. The resistance to 
reductive fission, in non-acidic media, of the -N=N- bond in benzo[c]cinnoline has been 
noted above. Reduction of 0o0’-dinitrobiaryls, in which at least one of the aryl groups is 
naphthyl, with zinc and acetic acid gives the corresponding carbazole. 2,2’-Dinitro- 
biphenyl gives 2,2’-diaminobiphenyl under similar conditions. This indicates that amino- 
groups attached to a naphthalene nucleus are more readily removed than those attached 
to a benzene nucleus. McNae, using N-labelled 1-nitro-2-0-nitrophenylnaphthalene, 
has shown that the nitrogen atom attached to the naphthalene nucleus is eliminated in 
carbazole formation under the conditions used by us.!” 

The tetrachlorophthalic anhydride addition compounds of the carbazoles, which have 
been recommended as superior to picrates as derivatives,1* are described. 

The formation of simple salts of unsubstituted polycyclic cinnolines has not previously 
been reported. We find that these cinnolines readily give perchlorates, sulphates, hydro- 
chlorides, and hydrobromides. The salts are stable in air and to moderate heat (up to 
150°); they are hydrolysed slowly in cold water and rapidly in hot water. The sulphates 

Rogers and Corson, Org. Synth., 1950, 30, 91. 

5 Clemo and Felton, J., 1952, 1658. 

Robinson and Robinson, J., 1924, 125, 827. 


McNae, unpublished work. 
Biiu-Hoi and Jacquignon, Compt. rend., 1952, 284, 1056. 
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contain one molecule of the cinnoline to one of sulphuric acid. The perchlorates have 

well-defined melting points but the other salts decompose slowly below their melting 

points. The salts can be used for the determination of the equivalent 

weights of cinnolines by hydrolysis of the salt in boiling water and 

titration of the liberated acid with sodium hydroxide; the per- 

chlorates are the most suitable salt for this purpose. The hydro- 

_ chlorides and hydrobromides are precipitated from acetone solutions 

nee © of the cinnoline as monohydrates, probably as the result of the 

(IX) formation of the resonance-stabilised cinnolineoxonium ion (IX). 

The anhydrous salts are precipitated from solutions of the cinnoline in carbon tetra- 
chloride. The perchlorates and sulphates are not hydrated. 

The ease of salt formation of the cinnolines gives a useful method of separating them 
from non-basic and weakly basic compounds, in particular from azo-compounds which 
often occur as by-products in cinnoline synthesis. For the latter purpose the hydro- 
chlorides and hydrobromides are the most useful since azo-compounds form perchlorates.!® 
Using salt-precipitation we have obtained yields of up to 43% in the preparation of 
naphtho[2,1-c]cinnoline (II) from 1-o-aminophenyl-2-naphthylamine by the method of 
Badger and Walker, who isolated only 12%.° As a result of this, the oxidation of the 
diamine appears to be the method of choice for the preparation of this cinnoline. 

Benzo{c|cinnoline forms a dipicrate,2° benzo[f|naphtho{2,l-c]cinnoline (V) a mono- 
picrate and benzo{h]naphtho[1,2-c}cinnoline (IV) a hemipicrate.? The three unsymmetrical 
cinnoline derivatives described in this paper form monopicrates. The picrates are the 
normal intermolecular addition compounds rather than salts and appear to be more stable 
than the picrates either of polycyclic aromatic hydrocarbons or of carbazoles, which 
decompose in moist air. 


EXPERIMENTAL 


Halogenonitroarenes.—These compounds were prepared from the corresponding aminonitro- 
arenes by the Sandmeyer procedure according to published methods. 

Symmetrical 00’-Dinitrobiaryls.—2,2’-Dinitrobiphenyl was prepared by Kornblum and 
Kendall’s method.*! 1,1’-Dinitro-2,2’- and 2,2’-dinitro-1,1’-binaphthyl were prepared by 
Braithwaite and Holt’s methods.? 

Symmetrical Polycyclic Derivatives of Cinnoline.—Benzo{c]cinnoline, m. p. 156° (lit., m. p. 
156°), was prepared by the method of Badger, Seidler, and Thomson.” Benzo[f]naphtho[2, 1-c]- 
cinnoline and benzo[h]naphtho[1,2-c]cinnoline were prepared by reduction of the corresponding 
dinitrobiaryls with lithium aluminium hydride according to Braithwaite and Holt’s method.? 

Oxidation of 1-0-Aminophenyl-2-naphthylamine with Permonosulphuric Acid.—The reaction 
was carried out according to the method of Badger and Walker.* The precipitate, obtained 
by pouring the reaction mixture into water, was washed with water, dried, and dissolved in 
acetone. Hydrogen bromide was passed into the solution to precipitate the cinnoline hydro- 
bromide which was filtered off and hydrolysed by recrystallisation from aqueous ethanol. 
Recrystallisation from benzene—hexane gave naphtho([2,1-c]cinnoline (43%), m. p. 157° (lit., 
m. p. 156-5—157-5°). 

1-Nitro-2-0-nitrophenylnaphthalene—Copper bronze (6 g.) was added to a solution of 
2-bromo-l-nitronaphthalene (5 g.) and o-bromonitrobenzene (6 g.) in dimethylformamide 
(80 ml.). The mixture was heated under reflux for 6 hr., then filtered from remaining copper 
while still hot, and the copper was extracted with hot dimethylformamide (25 ml.). The 
combined filtrate and extract were poured into water (800 ml.), and the precipitate was filtered 
off, dried, and extracted with hot ethanol (500 ml.). The alcoholic extract was concentrated 
to half-bulk and allowed to cool; crude 1-nitro-2-o-nitrophenylnaphthalene separated and 
crystallised from ethanol-ethy] acetate (2: 1 v/v) as buff crystals (1-5 g.), m. p. 183—185° (lit.,4 


1” Hoffmann, Metzler, and Hobold, Ber., 1910, 48, 1080. 

* Sandin and Cairns, J. Amer. Chem. Soc., 1936, 58, 2019; Slack and Slack, Nature, 1947, 160, 437. 
*t Kornblum and Kendall, J. Amer. Chem. Soc., 1952, 74, 5782. 

*? Badger, Seidler, and Thomson, J., 1951, 3207. 
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m. p. 185—186°). Extraction of the ethanol-insoluble residue with benzene gave 1,1’-dinitro- 
2,2’-binaphthyl (0-9 g.), m. p. and mixed m. p. 285°. The alcoholic mother-liquor gave, on 
further concentration, 2,2’-dinitrobiphenyl (0-95 g.), m. p. and mixed m. p. 122°. 

2-Nitro-1-o-nitrophenylnaphthalene.—Copper bronze (4:5 g.) was added portionwise, with 
constant stirring, in } hr., to a molten mixture of 1-iodo-2-nitronaphthalene (3 g.) and o-iodo- 
nitrobenzene (3 g.) at 165°. The temperature was then raised to 200° and heating continued 
for a further 4 hr. The mixture was cooled and extracted with ethanol. The extract was 
evaporated to low bulk and set aside to cool; 2-nitro-1-o-nitrophenylnaphthalene separated as 
yellow prisms (0-38 g.), m. p. 98° (Found: C, 65-4; H, 3-4; N, 9-8. C,H, N,O, requires 
C, 65-4; H, 3-4; N, 95%). Further concentration of the mother-liquor gave mainly 2,2’-di- 
nitrobiphenyl. 

2,1’-Dinitro-1,2’-binaphthyl_—This compound was prepared by the method of Ward and 
Pearson.’ The cooled mixture was extracted with boiling ethanol. The extract was evaporated 
to low bulk, and the crude biaryl recrystallised from 1:1 (v/v) ethanol-ethyl acetate to give 
orange-yellow rhombs, m. p. 175—178° (lit.,5 m. p. 174—176°). 

Naphtho[1,2-c]cinnoline.—1-Nitro-2-o-nitrophenylnaphthalene (1 g.) in 1:1 (v/v) dry 
benzene-ether (300 ml.) was treated with lithium aluminium hydride (1-7 g.) in dry ether 
(100 ml.), left at room temperature for 6 hr., then warmed on a water bath for $ hr., and allowed 
to cool. Excess of hydride was decomposed by water, and the solids were filtered off and 
extracted with hot benzene. The combined filtrate and extract was evaporated to low bulk 
and the crude cinnoline precipitated by addition of light petroleum (b. p. 60—80°). Recrystal- 
lisation from ethanol gave naphtho[1,2-c]cinnoline (2-4 g.) as yellow needles, m. p. 190° (Found: 
C, 83-3; H, 4:5; N, 12-2. CygHi N, requires C, 83-4; H, 4-4; N, 12-2%), giving an orange- 
green dichroic solution in concentrated sulphuric acid. Naphtho[1,2-c]cinnoline monopicrate 
separates from ethanol as bright yellow needles, m. p. 216° (decomp.) (Found: C, 57-7; H, 3-0; 
N, 15-9. C,,H,,;N,O, requires C, 57-5; H, 2-8; N, 15:3%). The perchlorate, m. p. 250—252° 
(decomp.), was obtained as yellow needles by warming a solution of the cinnoline in acetic 
acid with 65% (w/v) aqueous perchloric acid and cooling (Found: C, 57-9; H, 3-5; Cl, 108. 
CygHyyN2,HClO, requires C, 58-0; H, 3-3; Cl, 10-7%). “The hydrochloride and hydrobromide 
were obtained by passing the relevant gas into a solution of the cinnoline in acetone; the 
hydrochloride hydrate forms yellowish-green needles, decomp. >160° (Found: M, 283-0. 
C,,H,,CIN,O requires M, 284-5); the hydrobromide hydrate formed yellow needles, decomp. 
>200° (Found: C, 58-8; H, 4:2; N, 8-5; Br, 24-1. C,,H,,;BrN,O requires C, 58-4; H, 4-0; 
N, 8-5; Br, 24.2%). The sulphate was precipitated by the addition of concentrated sulphuric 
acid to a solution of the cinnoline in acetone and had m. p. 290° (decomp.) (Found: M, 
330-5. C,,H,.N,0,S requires M, 328-0). 

Naphtho{2,1-c|cinnoline.—2-Nitro-l-o-nitrophenylnaphthalene (0:25 g.) in 1:1 (v/v) 
benzene—ether was reduced with lithium aluminium hydride as described above. The crude 
product recrystallised from 1:1 (v/v) benzene—hexane as yellow leaflets (0-13 g.), m. p. 157° 
(lit.,3 m. p. 156-5—157-5°); mixed with a sample, prepared by the method of Badger and 
Walker, it had m. p. 156°. This cinnoline gives a deep brown solution in concentrated sulphuric 
acid. Naphtho[2,1-c]cinnoline monopicrate forms yellow feathery needles from ethanol, m. p. 
188° (decomp.) (Found: C, 57:7; H, 2-8; N, 15-4%). The hydrochloride hydrate decomposes 
above 180° (Found: M, 286-7). The hydrobromide hydrate decomposes above 200° (Found: 
M, 328-5. C,,H,,BrN,O requires M, 329-0). The perchlorate forms yellow needles, m. p. 240° 
(Found: C, 57-9; H, 3-4; Cl, 10-6%). 

Benzo[f{]naphtho[1,2-c]cinnoline.—2, 1’-Dinitro-1,2’-binaphthy]l (0-34 g.) in 1 : 1 (v/v) benzene- 
ether was reduced with lithium aluminium hydride as described above. Benzo[f]naphtho- 
[1,2-c]cimnoline crystallised as yellow needles (0-15 g.) (from ethanol), m. p. 184—185° (Found: 
C, 85-6; H, 4:2; N, 9-9. Cy 9H,.N,. requires C, 85-7; H, 4:3; N, 100%). It gives a purple 
solution in concentrated sulphuric acid: the solution in benzene exhibits a blue fluorescence. 
Benzo[f|naphtho[1,2-c]cinnoline monopicrate forms yellow needles (from ethanol), m. p. 236° 
(decomp.) (Found: C, 61-0; H, 2-8; N, 13-7. C,,H,,N,;O, requires C, 61-4; H, 2-9; N, 13-8%). 
Micro-scale experiments indicated that this cinnoline forms salts similar to those described 
above for the naphthocinnolines. 

Reduction of 00’-Dinitrobiaryls with Zinc and Potassium Hydroxide.—The biaryl (0-25 g.) in 
ethanol (150 ml.) and 40% w/v aqueous potassium hydroxide (15 ml.) was heated under reflux 
with zinc dust (7 g.) for 6hr. The solid residue was filtered off and the filtrate was boiled with 
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charcoal, evaporated to low bulk, and poured into water to precipitate the cinnoline. 1-Nitro- 
9-o-nitrophenylnaphthalene gave naphtho[1,2-cjcinnoline (0-105 g.) as yellow needles (from 
ethanol), m. p. and mixed m. p. 190°. 2-Nitro-l-o-nitrophenylnaphthalene gave naphtho[2, l-c]- 
cinnoline (0-09 g.), m. p. and mixed m. p. 156°. 2,1’-Dinitro-1,2’-binaphthyl gave benzo[f]- 
naphtho[1,2-cjcinnoline as yellow needles (from ethanol), m. p. and mixed m. p. 185°. 

Naphtho[1,2-c)cinnoline 6-Oxide.—1-Nitro-2-o-nitrophenylnaphthalene (0-5 g.) was dissolved 
in boiling ethanol (100 ml.), and a solution of hydrated sodium sulphide (1 g.) and sodium 
hydroxide (0-25 g.) in water (10 ml.) was added. The mixture was heated under reflux for 3 hr. 
After concentration, the mixture was poured into water, and the precipitate was filtered off 
and dissolved in ethanol. The solution was boiled with charcoal, filtered, and concentrated; 
on cooling, naphtho[1,2-c]cinnoline 6-oxide (0-19 g.) separated as yellow needles, m. p. 232° 
(Found: C, 77-8; H, 3-9; N, 11-5. C,gH,9N,O requires C, 78-0; H, 4-1; N, 114%); it gives 
a yellow solution in concentrated sulphuric acid. 

Mixed Naphtho[2,1-c]cinnoline N-Oxides.—2-Nitro-l-o-nitrophenylnaphthalene (0-1 g.) 
reduced with sodium sulphide, as described above, gave a yellow mixture of the two naphtho- 
[2,1-c]cinnoline N-oxides, m. p. 130—140° (Found: C, 78-1; H, 4-2; N, 113%). The mixture 
gives a yellow solution in concentrated sulphuric acid. 

Benzo[f|naphtho[1,2-c)cinnoline 6-Oxide.—2,1’-Dinitro-1,2’-binaphthyl (0-5 g.) was reduced 
with sodium sulphide as described above. Benzo[f]naphtho[1,2-c]cinnoline 6-oxide crystallises 
from ethanol as yellow needles, m. p. 210° (Found: C, 81-1; H, 4:0; N, 9-2. C,)9H,,N,O 
requires C, 81-0; H, 4-1; N, 9-5%), giving a red-brown solution in concentrated sulphuric acid. 

Oxidation of Cinnolines with Peracetic Acid.—The cinnoline (0-1 g.) in acetic acid (5 ml.) was 
treated with 80% w/v aqueous hydrogen peroxide (0-5 ml.) and left at room temperature for 
5 hr., then poured into water. The precipitate was filtered off, dried, and recrystallised from 
ethanol. Naphtho[1,2-cjcinnoline and benzo[f]naphtho[1,2-c]cinnoline gave products identical 
with their 6-oxides. Naphtho[2,l-c]cinnoline gave mixed N-oxides, m. p. 132—145°. The 
yields were 75—85%. 

Reduction of the Cinnoline N-Oxides.—The N-oxides were reduced to the corresponding 
cinnolines by lithium aluminium hydride in benzene-ether ?* or by stannous chloride in 
hydrochloric acid.12 The former method gave the better yields, 90—95% compared with 
40—55%. 

Reduction of 00’-Dinitrobiaryls with Sodium Amalgam in Methanol.—The biaryl (0-2 g.) in 
methanol (40 ml.) was shaken with 5% w/w sodium amalgam (20 g.) for 3 hr. The solution was 
decanted from residual mercury and evaporated.to low bulk. The diamine separated on cooling. 
1-Nitro-2-0-nitrophenylnaphthalene gave 2-o-aminophenyl-l-naphthylamine (0-08 g.), m. p. 
118—120° (lit.,4 m. p. 118—119°), identified by conversion into benzo[a]carbazole (by refluxing 
acetic acid), m. p. 266° (lit.,24 m. p. 266°). 2-Nitro-l-o-nitrophenylnaphthalene gave l-o-amino- 
phenyl-2-naphthylamine (0-05 g.), m. p. and mixed m. p. 154° (lit.,24 m. p. 156°). 2,1’-Dinitro- 
1,2’-binaphthyl gave 2,1’-diamino-1,2’-binaphthyl (0-04 g.), m. p. 146—147° (lit.,2> 150—151°) ; 
the mixed m. p. with an authentic sample prepared by reduction of 1,2’-azonaphthalene and 
rearrangement of the hydrazo-compound, was 149°.5 The corresponding cinnolines were 
reduced under similar conditions to the expected diaminobiaryls. 

Reduction of 00’-Dinitrobiaryls with Zinc and Acetic Acid.—The biaryl (0-1 g.) in acetic acid 
(10 ml.) was heated under reflux with zinc dust (1 g.) for 2 hr. Excess of zinc was filtered off, 
and the filtrate was concentrated and poured into water. The precipitate was filtered off, dried, 
and recrystallised from aqueous acetic acid. 2,2’-Dinitrobiphenyl gave 2,2’-diaminobipheny] 
(0-02 g.), m. p. 79° [(lit., m. p. 81°; diacetyl derivative, m. p. 161° (lit.,2* m. p. 161°)]. 1-Nitro- 
2-o-nitrophenylnaphthalene gave benzo[alcarbazole (0-04 g.), m. p. 224° (lit.,23 m. p. 226°) 
[picrate, m. p. 185° (lit.,22 m. p. 185°)]; the benzo[a)jcarbazole—tetrachlorophthalic anhydride 
addition compound forms vermilion needles, m. p. 206—207°, from acetic acid (Found: C, 57-4; 
H, 2:0; Cl, 28-2. C,,H,,Cl,NO, requires C, 57:3; H, 2-2; Cl, 28-2%). 2-Nitro-1l-o-nitro- 
phenylnaphthalene gave benzo{c]carbazole (0-025 g.), m. p. 135° (lit.,24 m. p. 135°) [picrate, red 
needles (from benzene), m. p. 174° (lit.,24 m. p. 174—175°); benzo[c]carbazole—tetrachlorophthalic 
anhydride addition compound, orange needles, m. p. 202° (Found: C, 57-3; H, 2-1; Cl, 28-4%)]. 


3 Ghigi, Gazzetta, 1931, 61, 45. 

*4 Fuchs and Nizel, Ber., 1927, 60, 209. 

5 Cook, Hewett, Kennaway, and Kennaway, Amer. J. Cancer, 1940, 40, 62. 
*6 Tauber, Ber., 1891, 24, 198. 
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2,2’-Dinitro-1,1’-binaphthyl gave dibenzo[c,g]carbazole (0-02 g.), m. p. 158° (lit.,27 m. p. 158°), 
which gave a black picrate, m. p. 219° (lit.,2”7 m. p. 219°), and ¢etvachlorophthalic anhydride 
addition compound, red needles (from acetic acid), m. p. 207° (Found: C, 60-3; H, 2-1; N, 2-7; 
Cl, 25:7. C,,H,,Cl,NO, requires C, 60-7; H, 2-3; N, 2-5; Cl, 25-7%). 2,1’-Dinitro-1,2/-pj. 
naphthyl gave dibenzo{a,g]carbazole (0-05 g.) m. p. 230—231° (lit.,28 231°) [tetvachlorophthalic 
anhydride addition compound, vermilion needles (from acetic acid), m. p. 248° (Found: C, 60-9; 
H, 2:2; N, 2-5; Cl, 25-4%)]. 

Reduction of Cinnolines with Zinc and Acetic Acid.—The cinnoline (0-1 g.) in acetic acid 
(15 ml.) was heated under reflux with zinc dust (1 g.) for 2—12 hr. A sample withdrawn after 
2 min. decolorised a solution of Methylene Blue in acetic acid; the reaction was considered to 
be complete when a sample no longer decolorised this reagent. The mixture was filtered hot 
and the filtrate poured into water to precipitate the product which was recrystallised from 
aqueous acetic acid. Benzo{c]cinnoline, m. p. and mixed m. p. 154° (lit.,2* 156°), and phen- 
ant hro[9,10-c]cinnoline, m. p. and mixed m. p. 220—223° (lit.,2 224°), were recovered after 12 hr. 
at reflux temperature. Naphtho[2,l-c]cinnoline gave benzo[c]carbazole (0-04 g.), m. p. and 
mixed m. p. 133°. After 2 hours’ refluxing benzo[f]naphtho[2,l-c]cinnoline gave dibenzo- 
[c,g]carbazole (0-03 g.), m. p. and mixed m. p. 156°. Benzo[f}naphtho[1,2-c]cinnoline (4 hr) 
gave dibenzof[a,g]carbazole (0-04 g.), m. p. and mixed m. p. 230°. Naphtho[1,2-c]cinnoline 
(12 hr.) gave a white powder, m. p. 151—153°, giving an analysis corresponding to a dihydro- 
benzo[a]carbazole (Found: C, 88-0; H, 5-9; N, 6-4. Calc. for C,,H,,;N,: C, 87:7; H, 5-9; 
N, 6-4%). The picrate crystallised from benzene as black needles, m. p. 143—144°; the addition 
compound with tetrachlorophthalic anhydride forms deep-red needles (from benzene), m. p. 165°, 
The mixed m. p. with authentic 5,6-dihydrobenzo[a]carbazole 4 (m. p. 163—164°) was 156— 
158°. 5,6-Dihydrobenzo[a|carbazole picrate forms black needles, m. p. 147—148° (Found: 
C, 59-1; H, 3-65; N, 12-2. C,,H,,N,O, requires C, 59-0; H, 3-6; N, 12-5%); the tetrachloro- 
phthalic anhydride addition compound forms red needles, m. p. 168° (Found: C, 58-0; H, 2:5; 
N, 2-6; Cl, 28-0. C,,H,,;Cl,NO, requires C, 58-05; H, 2-6; N, 2-75; Cl, 28-15%). The ultra- 
violet absorption spectra of the two samples of 5,6-dihydrobenzo[a]carbazole were determined 
in n-hexane (B.D.H., spectroscopy grade) with a Unicam S.P. 500 spectrophotometer. 

Dehydrogenation of 5,6-Dihydrobenzo[a|carbazole-——The dihydro-compound (20 mg.) and 
chloranil (35 mg.) in xylene (10 ml.) were refluxed for 24 hr. The solution was washed with 
10% w/v aqueous sodium hydroxide and with water. The xylene solution was dried (CaCl,) 
and concentrated. On cooling, benzo[{a]carbazole (18 mg.) separated as needles, m. p. and 
mixed m. p. 223°. 

Methiodides of Polycyclic Cinnoline Derivatives—The cinnoline (0-1 g.) in nitromethane 
(8 ml.) was heated under reflux with freshly distilled methyl iodide (5 ml.) for 4 hr. The 
solution was evaporated to about 2 ml. and allowed to cool, whereupon the pure dark red 
methiodide separated, was filtered off, and washed with acetone, and dried. Naphtho[1,2-c]- 
cinnoline methiodide had m. p. 215° (decomp.) (Found: C, 54:9; H, 3-5; N, 7-8; I, 35-2. 
C,,H,,;N,I requires C, 54-7; H, 3-5; N, 7-5; I, 34-4%). Naphtho[2,1-cjcinnoline methiodide, 
probably a mixture of the two isomeric methiodides, forms needles, m. p. 208—213°, after 
three recrystallisations from acetone (Found: C, 54-7; H, 3-4; N, 7-5; I, 349%). Benzoff]- 
naphtho[1,2-c\cinnoline methiodide forms dark red needles, m. p. 195° (Found: I, 30-2. 
C,,H,;N,I requires I, 30-8%). Benzo[f|)naphtho[2,1-c]cinnoline methiodide forms needles, 
m. p. 256° (decomp.) (Found: I, 30-6%). Benzo[hjnaphtho[1,2-c]cinnoline, m. p. and mixed 
m. p. 266° (lit.,2 m. p. 266°), was recovered, and no darkening was observed during the refluxing. 

Salts of Symmetrical Polycyclic Cinnoline Derivatives.—(a) Perchlovates. The cinnoline 
(25 mg.) in acetic acid (2-5 ml.) was warmed with 60% w/v aqueous perchloric acid (0-5 ml.) 
on a water-bath. On cooling, the perchlorate separated as yellow or olive-green needles. 
Benzo[c]cinnoline perchlorate had m. p. 215—216-5° (Found: C, 51-5; H, 3-3; N, 10-2; Cl, 12-5. 
C,,H,CIN,O, requires C, 51-3; H, 3-2; N, 10-0; Cl, 12-7%). Benzo[f])naphtho[2,1-c]cinnoline 
perchlorate had m. p. 288° (Found: Cl, 9-45. C, 9H,,CIN,O, requires Cl, 9-4%). Benzofh)- 
naphtho[1,2-c]cinnoline perchlorate had m. p. 258° (Found: Cl, 9-3%). 

(b) Sulphates. A solution of the cinnoline in acetone (0-025 g. in 5 ml.) was treated with 
1 drop of concentrated sulphuric acid; the salt separated immediately, was filtered off, washed 
with acetone, and dried. Benzo[c]cinnoline sulphate had m. p. 216° (decomp.) (Found: C, 52-1; 


27 Cumming and Howie, J., 1932, 528. 
28 Japp and Maitland, /J., 1903, 83. 274. 
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H, 3-6; N, 10-05; S, 11-6. C,,H,N,,H,SO, requires C, 51-9; H, 3-6; N, 10-1; S, 11-5%). 
Benzo{f{|\naphtho[2,1-c]cinnoline sulphate decomposed above 240° (Found: M, . 370. 
CopH,2N2,H,SO, requires M, 378). 

(c) Hydrochlorides. Hydrogen chloride was passed into a solution of the cinnoline in acetone 
(25mg. in 5ml.). The salt was precipitated; it recrystallised from acetone. Benzo[c]cinnoline 
hydrochloride hydrate decomposed above 154° (Found: C, 61:35; H, 4:7; N, 12-15; Cl, 15-5. 
CysH,CIN,,H,O requires C, 61-5; H, 4:7; N, 12-0; Cl, 15-2%). 

(d) Hydrobromides. Hydrogen bromide was passed into a solution of the cinnoline in 
acetone (25 mg. in 5 ml.). The salt separated and was recrystallised from acetone. Benzo[c]- 
cinnoline hydrobromide hydrate decomposed above 220° (Found: C, 51-6; H, 41; N, 10-0; 
Br, 28-5. C,,H,BrN,,H,O requires C, 51-6; H, 3-95; N, 10-0; Br, 28-5%). An anhydrous 
benzo[c]cinnoline hydrobromide, obtained when dry hydrogen bromide was passed into a solution 
of the cinnoline in carbon tetrachloride, decomposed above 200° (Found: N, 10-9; Br, 31-4. 
C,,H,BrN, requires N, 10-9; Br, 30-7%). Benzo[f}naphtho[2,1-c]cinnoline hydrobromide hydrate 
decomposed above 240° (Found: M, 382. C,H,,;N,Br,H,O requires M, 379). 

(e) Molecular weights. The cinnoline salt (ca. 10 mg.) was boiled with water (10 ml.) for 
15 min. It was hydrolysed and the cinnoline did not go into solution. The hydrolysate was 
titrated with 0-01N-sodium hydroxide to Methyl Orange. 


We are grateful to the Royal Society for the loan of a spectrophotometer. One of us 
(J. F.C.) thanks the University of Reading for a maintenance grant. 
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727. Vibrational Frequency Correlations in Heterocyclic 
Molecules. Part VII. Benzo-1,2,3-triazoles. 


By D. G. O’SULLIVAN. 


Infrared spectra are described for a series of substituted benzo- and 
and 1-phenylbenzo-1,2,3-triazoles. They indicate that, in the solid state, 
benzotriazole possesses the cyclic diazoimino-structure and is associated by 
means of hydrogen bonds. Bands related to the ring systems agree with 
the pattern generally produced by a benzene ring fused to a five-membered 
ring. Between 1650 and 950 cm." little variation occurs even between 
benzotriazoles and their 1-phenyl derivatives, but at lower frequencies 
marked differences exist. Apart from those introduced by modification of 
the ring system, as in 1-pheny]benzotriazoles, 1-2’-quinolylbenzotriazole, and 
2,3-naphthotriazole, variations depend mainly on substitution pattern. 

In 5-substituted benzotriazoles a band between 896 and 811 cm. probably 
arises from out-of-plane vibrations of the isolated 4-hydrogen atom, and 
another between 888 and 803 cm. from vibrations of the adjacent 6,7- 
hydrogen atoms. These frequencies maintain a constant separation of 
11 cm.~! and both are linearly dependent on the Hammett meta o value for 
the substituent. 


As many benzo-1,2,3-triazoles, particularly the nitro-compounds, have low solubilities in 
relevant solvents, infrared spectra were determined in the solid state in potassium bromide 
discs or windows. Since much criticism has been levelled at this method,? every deter- 
mination was duplicated and, where solubilities permitted, records were obtained over 
suitable wavelength ranges with chloroform as solvent. In all cases good reproducibility 
was obtained. 


Experimental.—Spectra were measured on a Perkin-Elmer 21 recording spectrophotometer 
fitted with a sodium chloride prism. 


1 Part VI, O’Sullivan, J., 1960, 3278. 
* Farmer, Spectrochim. Acta, 1956, 8, 374. 
6B 
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Specifically Characterised Frequencies.—Benzo-1,2,3-triazole can exist in tautomeri¢ 
forms (I) and (II). Derivatives of both forms can be produced indirectly and chemical 


4 3 - 
N N N 2N, 
5 . tie \ - 
1yNa = Pt Ci Ci 
. N N N N 
7 H H H 
(I) (II) (III) (IV) 


evidence favours structure (I). Molecular refraction* and Raman spectra* failed to 
decide between the possibilities, but the ultraviolet spectra > of the compound and of its 
1- and 2-methyl derivative support structure (I). The following evidence arises from the 
infrared spectra: (i) For benzo-1,2,3-triazoles no band is present between 1680 and 1630 
cm." that can definitely be referred to C=N linkages.* (ii) A band is present at, or slightly 
below, 1600 cm. (Table 1) that could arise from N=N vibrations; this is also present in 
l-acetyl-5-methoxybenzotriazole and in the 1l-phenyl compounds (Table 1), which 
necessarily possess N=N bonds. (iii) Considerable similarity between the spectra of 
unsubstituted benzotriazoles and those substituted at position 1, particularly in the region 
which contains the nuclear vibrations (Table 2), suggests that the ring systems are identical 
in both types of structure. Consequently, the infrared data, whilst not unequivocal, also 
favour structure (I). The lack of chemical reactivity of benzotriazoles indicates resonance 
stabilisation, and structures (III) and (IV) probably make a minor contribution to the 
resonance hybrid. Infrared spectra do not permit decisions to be reached on the structure 
of benzotriazoles with substituents in positions 4 and 5. 

Except for 5-bromobenzotriazole and 1-(2,4-diaminopheny]l)- and 1-[2,4-di(acetamido)- 
phenyl]-benzotriazole no compound possesses a maximum above 3400 cm. (Table 1), 
showing that, generally, the NH groups are involved in hydrogen bonding. This varies 
between very weak bonding with 2,3-naphthotriazole to-fairly strong bonding with 5-methyl- 
and 5-bromo-benzotriazole. The broad band between 3200 and 3100 cm.* in most benzo- 
triazoles shows that the hydrogen bonds are usually of moderate strength. This suggests 
that the possible resonance-stabilised association, involving structures of type (III), does 
not make a large contribution to the hydrogen-bonded polymer, and that, in most cases, 
ordinary N-H ---N bonding is present. Stretching frequencies of the CH bonds appear 
as weak bands near 3000 cm. in most benzotriazoles substituted in position 1 but, being 
weak, they are usually obscured in the NH absorption of other compounds (Table 1). 

The carbonyl stretching frequency of 1-acetyl-5-methoxybenzotriazole (Table 1) is high 
if compared with the N-acetyl carbonyl frequencies of N-acetylindoxyl® (1673 cm.*) 
and diacetylindoxyl ® (1700 cm.-) and with the carbonyl frequencies of aromatic ketones? 
This suggests that little conjugation exists with the ring system. The separation of the 
carbonyl frequencies in 1-[2,4-di(acetamido)phenyl]benzotriazole is surprising as the 
molecular environment of the two groups is similar. The frequency difference is too wide 
for only one carbonyl group to be involved in hydrogen bonding. Both carbonyl peaks 
are very sharp and the position of the NH stretching frequencies (Table 1) also shows the 
absence of any very strong hydrogen bonds. Either the benzotriazole ring exerts a 
very marked steric effect on the o-acetamido-group or coupling occurs between the 
vibrations of the two carbonyl groups in this compound. 

Most of the compounds possessing an NH group give a band between 1580 and 1526 

3 Auwers, Ber., 1938, 71, 604. 

* Kohlrausch and Seka, Ber., 1938, 71, 1563. 

5 Specker and Gawrosch, Ber., 1942, 75, 1338. 

* Goulden, J., 1953, 997. 

7 Le Févre, O’Dwyer, and Werner, Chem. and Ind., 1953, 378. 

® Holt, Kellie, O’Sullivan, and Sadler, J., 1958, 1217. 

®* Thompson and Torkington, J., 1945, 640; Hartwell, Richards, and Thompson, /., 1948, 1436; 


Grove and Willis, J., 1951, 877; Rasmussen, Tunnicliff, and Brattain, ]. Amer. Chem. Soc., 1949, 71, 
1068. . 
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TABLE 2. Vibrational frequencies of the ring systems tn 1,2,3-triazole derivatives. 


Subst. Benzotriazoles 
None 1464 1427 1315 1273 1217 1150 1120 1096 1073 1029 1lol2 
1390 
5-Me 1468 1398 1301 1282 1264 1210 1160 1142 1085 1046 1018 1004 
1442 1384 1136 990 
1364 
5-MeO 1460 1431 1305 1270 1218 1170 1121 1100 1030 1021 100) 
5-Cl 1464 1423 1296 1282 1262 1210 1159 1135 1111 1061 1012 1005 
5-Br 1468 1425 1288 1278 1261 1212 1144 1133 1104 1051 1021 993 
1412 
5-NO, 1481 1410 1301 1271 1244 1210 1141 1076 1007 989 
1458 
4-NO, 1448 1412 1285 1249 1209 1152 1078 1026 982 
1390 1062 
1-Ac-5-MeO 1444 1428 1311 1270 1262 1212 1163 1131 1090 1065 1028 9658 
1390 1291 1255 1123 
1-Phenylbenzotriazoles 
None 1468 1392 1299 1285 1251 1195 1151 1132 1098 1066 1019 949 
1456 
5-NO, 1482 1442 1284 1191 1178 1139 1090 1076 1010 1002 
1465 1391 1052 
5,7-(NO 4) .--eeeeeeeee 1480 1402 1305 1209 1161 1088 1058 1003 982 
1460 
2’-NO, 1453 1306 1282 1250 1205 1151 1128 1060 1009 970 
1191 1039 
2’,4’-(NO,) 1459 1398 1298 1271 1245 1195 1161 1141 1086 1030 985 
1182 1128 
2’,4’-(NH,)s 1470 1401 1330 1282 1252 1192 1148 1138 1087 1010 966 
1350 1230 1125 
2’,4’-(NHAc), 1460 1425 1317 1281 1269 1200 1142 41125 1093 1030 1013+ 990 
1398 1183: 
1374 
4’,5-(NO,). 1477 1446 1318 1298 1232 1206..1182 1123 1113 1075 1035 1000 
1407 1193 1142 
1-2’-Quinolylbenzo- 1488 1450 1324 1289 1243 1197 1185 1133 1088 1030 1015 1005 
triazole 1479 1437 1310 1214 1144 1117 990 
1400 1295 
1388 
2,3-Naphthotriazole 1460 1430 1285 1223 1163 1112 1060 1010 985 
1375 
1352 


The first two frequency columns contain some CH, bending frequencies. 


cm.! (Table 1), absent from other spectra, which is probably an NH deformation 
frequency.” An NO, stretching frequency may sometimes obscure this absorption. 
Strong bands, arising from the antisymmetric and symmetric NH, stretching vibrations," 
are present between 1550 and 1500 cm. and between 1360 and 1339 cm.+, respectively, 
for the nitro-compounds (Table 1). Whereas all dinitro-compounds show two well- 
defined and very strong antisymmetric NO, stretching frequencies, only 5,7-dinitro-1- 
phenylbenzotriazole showed two low frequencies. 

Vibrations of the Ring Systems above 1000 cm.1.—Pairs of characteristic bands near 
1100 and 1000 cm. and near 1050 and 1000 cm. have been reported for the triazole 
and tetrazole * rings respectively. Strong bands are usually found near these three 
frequencies with the present compounds. Occasional bands near 1440 cm.* arise from 
deformations in methyl groups,’ but most of the frequencies listed in Table 2 are due to 
vibrations of the rings and detailed assignments are not possible. The pattern of 


1@ Jones and Sandorfy, ‘‘ Chemical Applications of Spectroscopy,” ed. W. West, Interscience, New 
York, 1956, p. 520. 

1 Randle and Whiffen, J., 1952, 4153. 

12 Hartzel and Benson, J. Amer. Chem. Soc., 1954, 76, 667. 

13 Lieber, Levering, and Patterson, Analyt. Chem., 1951, 28, 1594. 
‘ Batuev, Zhur. fiz. Khim., 1949, 28, 1399; Murti and Seshadri, Proc. Indian Acad. Sci., 1938, 8, A, 
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frequencies is well maintained among the compounds, and the introduction of an additional 
benzene ring does not produce striking differences. Even 1-2’-quinolylbenzotriazole 
and 2,3-naphthotriazole preserve most of the spectral features of the simpler compounds. 
In the region covered by Table 2, bands related to the ring system appear near 1460, 1400, 
1310, 1280, 1250, 1210, 1160, 1120, 1100, 1060, 1020, and 990 cm.!. These conform with 
the pattern of bands occurring in other compounds possessing fused benzene and 
§-membered rings.! 

Bands below 1000 cm.1.—Frequencies in column 2 of Table 3 are present only in 
compounds possessing methyl or methoxy-groups, and some of these bands could be 
C-Me and C-O-Me stretching frequencies. Nitro-compounds possess bands shown in 
column 5, some of which might be due to C-NO, stretching modes." Many of the 
remaining bands are out-of-plane CH deformation frequencies. Marked variations occur 
in the distribution of these frequencies; e.g., compare data for benzotriazoles with those 
for their 1-phenyl derivatives. It is likely that the number and distribution of the 
frequencies are related to the pattern of substitution.” 

f 


O-8T 


Deformation vibrations probably involving “ 











isolated ring-hydrogen atoms (x) and two = 
adjacent ring-hydrogen atoms (QO). PS 

€ 0-2 
= 

Oo 

-O-/ ad 1 ion 
800 850 900 
Frequency(cm-") 


Out-of-plane CH deformation modes of simple di- and tri-substituted benzenes give 
tise to strong bands near 850, 810, and 775 cm.-, derived respectively from motions 
involving an isolated ring-hydrogen atom, two adjacent ring-hydrogen atoms, and three 
adjacent ring-hydrogen atoms situated between two substituents.” Thus symmetrically 
trisubstituted benzenes possess the band near 850 cm.', para-disubstituted benzenes 
possess the bands near 810 cm™, and meta-disubstituted benzenes exhibit the bands near 
850 and 775 cm.-1. In sets of 1,3- and 1,3,5-substituted benzenes the frequency, that 
arises from motions of a single ring-hydrogen, between 930 and 830 cm.* is a linear 
function of the sum of the Hammett meta o values * of the substituents. Halogen 
ubstituents appear to be exceptional and behave, in this context, as if they possessed o 
values of zero. The 1,3-substituted compounds also possess a band between 830 and 765 


48 Herzberg, ‘‘ Infrared and Raman Spectra of Polyatomic Molecules,” Van Nostrand, New York, 
1945, p. 353; Sheppard and Simpson, Quart. Rev., 1953, 7, 19. 

1% Lecompte, Compt. rend., 1937, 204, 1186; 1938, 206, 1568; Whiffen and Thompson, /., 1945, 268; 
Bell, Thompson, and Vago, Proc. Roy. Soc., 1948, A, 192, 498; Cole and Thompson, Trans. Faraday 
Soc., 1950, 46, 103; Cannon and Sutherland, Spectrochim. Acta, 1951, 4, 373; McMurry and Thornton, 
Analyt. Chem., 1952, 24, 318; McCatilay, Lien, and Launer, J. Amer. Chem. Soc., 1954, 76, 2354; 
O'Sullivan and Sadler, J. Org. Chem., 1957, 22, 283. 

™ Colthup, J. Opt. Soc. Amer., 1950, 40, 397. 

1* Hammett, ‘‘ Physical Organic Chemistry,” McGraw-Hill, New York, 1940, p. 188; Jafié, Chem. 
Rev., 1953, 58, 191. 

* Bellamy, J., 1955, 2818. 
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cm. arising from vibrations of three adjacent CH groups. These frequencies are also 
related to the sum of the o,, values, halogen again being exceptional. For 1,4-substituted 
compounds,” a frequency between 875 and 795 cm.. is linearly related to the sum of the 
Hammett para o values in those cases in which at least one substituent formed a con. 
jugation with the ring. The three straight lines are parallel. 

Benzotriazoles, substituted at position 5, possess one isolated ring-hydrogen atom at 
position 4 and two adjacent ring-hydrogen atoms at positions 6 and 7. Excluding the 
1-phenyl] compounds, because of the CH vibrations of the phenyl group, the 5-substituted 
compounds possess a pair of bands between 890 and 800 cm. (Table 3) which are intense 
in the 5-methyl compounds (further strong absorption near 800 cm. might augment the 
intensities in this case), but otherwise are of moderate intensity. The higher set of 
frequencies v, could be out-of-plane vibrations of hydrogen atoms at position 4 and the 
lower set v, could arise from vibrations of the two adjacent hydrogen atoms. The Figure 
shows the relation between these sets of frequencies and the o,, values of the 5-substituents, 
Regression lines for the frequencies are v, = 817-1 + 109-0c,, and v, = 806-3 + 109-lo,, 
Correlation coefficients are 0-990 and 0-989 respectively. Halogen substituents do not 
behave exceptionally. Other frequencies in the neighbourhood (Table 3) are not linearly 
related to either the Hammett oa,, values or the Taft o; values of substituents. As 
correlation of v, and v, with o; values is poor, some resonance contribution supplements 
the inductive effect of substituents on the CH vibrations. The approximate proportion 
of this resonanc econtribution follows from the relation o, = o; + ¢,/3.24 Tabulation of 
lower frequencies is greatly assisted by the existence of this correlation. 


The author thanks the Department of Scientific and Industrial Research for a special re- 
search grant which helped to defray the cost of this résearch. 
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% Taft, ‘ Steric Effects in Organic Chemistry,” ed. M. S. Newman, John Wiley and Sons, New York, 
1956. 
*1 Ref, 20, p. 594. 





728. Cyto-active Amino-acids and Peptides. Part VIII... N*-Acyl, 
Amide, Ester and Peptide Derivatives of Melphalan. 


By F. Bercet and J. A. STOCK. 


Various simple derivatives of melphalan have been prepared in which the 
a-amino-group is formylated or the carboxyl group converted into an ester or 
amide group, or in which both changes have been made. Some di- and tri- 
peptides and a tetrapeptide are described in which, with one exception, 
melphalan is the C-terminal amino-acid. The deacylation of benzyloxy- 
carbonyl-dipeptide esters with ethanolic hydrogen chloride has been studied. 
Preliminary biological results are briefly discussed. 


MELPHALAN * [#-di-(2-chloroethyl)amino-L-phenylalanine] ? [I; X = OH, R=H, M= 
(Cl-CH,°CH,),N here and in all succeeding formule] has a very pronounced anti-tumour 
activity but also powerfully affects the blood-forming organs and circulating blood elements 
and has a high general toxicity. Such effects are especially undesirable if the drug is to 


* Melphalan is the “‘ open name "’ adopted by the British Pharmacopceia Nomenclature Commission. 
It is composed from Mel and the standard symbols for phenylalanine. 
M (= “ mustard’’) e/ (= L-configuration) and phenylalanine 
1 Part VII, Bergel and Wade, J., 1959, 941. 
2 (a) Bergel and Stock, J., 1954, 2409; (b) Bergel, Burnop, and Stock, J., 1955, 1223. 
* Stock, in Ciba Foundation Symposium on a Amino Acids and Peptides with Antimetabolic Activity, 
London, Churchill, 1958, p. 89. 
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be used against solid tumours in man, and we therefore sought derivatives possessing the 
high carcinolytic activity of the parent compound but showing a diminished hemo- and 
general toxicity. The derivatives of melphalan we have prepared fall into two main 
groups: (i) simple derivatives, including amides and esters; (ii) di-, tri-, and tetra- 
peptides. 

p-M*CgHy*CHy*CH-COX enya 


NHR NH-CO:R? 


(I) (II) (a) R? = Ph°CH,, R®? = H 
(b) Rt = Pr!, R?= H 


Larionov and Sof’ina* have reported that two members of a series of N*-formyl- 
dipeptides (II) of sarcolysin (merphalan, the racemic form of melphalan) are effective 
experimental tumour inhibitors with relatively low toxicity and little effect on the bone 
marrow. These compounds are the phenylalanine and valine derivatives (Ila and b 
respectively), prepared in their “ all-p.” forms by Knunyants and his co-workers, and 
they resemble the N-benzoyl analogues (II; R’ = Ph) which we described in Part IV ° 
of this series. It seemed of interest to determine whether the biological properties of 
these formyl-dipeptides could be simulated by simpler compounds. We therefore prepared 
a number of derivatives of melphalan in which the carboxyl group was blocked by ester or 
amide formation, or the «-amino-group by acylation. Relevant data are given in Table 1, 


TABLE 1. Simple melphalan derivatives (I). 


R C.B. No.* Cryst. from M. p. [a]p Yield (%) 
HCO 3208 A¢ 139—140° +72° 85 
HCO 3239 A¢ 70—71 +374 

HCO 3249 Be 140—145 +25¢ 

HCO 3209 Ce 141—144 +204 
HO,C-[CH,],"CO 3236 A 112—114 +264 

H,HCl 3177 De 165—167 +12¢ 

H,HCl 3215 E?® 241—243 +12/ 


Found (%) Required (%) 


Formula H Cl H Cl 
C,,H,,Cl,N,O, : ° 21-3 “4 21-3 
Cy.H,,Cl,N,O, , , 20-0 “1 19-6 
C,,Hj,Cl,N,O, } , 21-5 75 21-3 
C,,H,3Cl,N,O, ° , 19-9 
CygHagCl,N,O, , ° 16-8 
C,,H,,Cl,N,O,,HC1 ° , 28-5 28-8 , 
C,3H,,Cl,N,O,HC1 65 . 30-7 5-9 31-2 12-3 

A, Aq. MeOH. B, Aq. EtOH. C, Aq. POH. D, CHCl,EtOH. E,EtOH. * Colourless rods 
or needles. * Amorphous. °¢ c 2:00 in EtOH at 24°. ¢ c 1-00 in MeOH at 25°. * c 5-00 in EtOH 
at 24°. fc 1-00 in EtOH at 24°. * Chester Beatty Research Institute reference no. 
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and it can be seen that in four cases (nos. 2—5), both carboxyl and amino-functions are 
blocked. Compounds nos. 1 and 2 were prepared by formylation of melphalan and 
melphalan ester respectively; the ester (no. 6) was made by the action of ethanolic hydrogen 
chloride on the free amino-acid. The amide (no. 3) and ethylamide (no. 4) were prepared 
from the formy] derivative (no. 1) by the mixed anhydride procedure using isobutyl chloro- 
formate.? Deacylation of the N*-formyl derivative of the amide by brief warming with 3 
equivalents of hydrogen chloride in ethanol gave the crystalline hydrochloride of the amide 
of melphalan (no. 7); the use of 3N-ethanolic hydrogen chloride (24 hr. at room temper- 
ature) led to substantial hydrolysis of the amide group. An attempt to prepare the 
ethylamide in a similar way from the corresponding formyl compound (no. 4) gave a very 
* Larionov and Sof’ina, Doklady Akad. Nauk S.S.S.R., 1957, 114, 1070. 
hen : Knunyants, Kil’disheva, and Golubeva, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1956, 


* Bergel and Stock, J., 1957, 4563. 
? Boissonnas, Helv. Chim. Acta, 1951, $4, 874; Vaughan, J. Amer. Chem. Soc., 1951, 78, 3547. 
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hygroscopic hydrochloride, and the corresponding picrate could not be obtained solid, 
Reaction of the ester (no. 6) with succinic anhydride gave the ethyl N*-8-carboxypropionyl- 
ester (no. 5). A similar reaction with free melphalan gave a gum, as did the sodium salt. 

We have also prepared a number of compounds in which, in general, the phenylalanine 
“‘ mustard ” is linked to other amino-acids or peptides through its «-amino-group. These 
comprise some di- and tri-peptide esters, a tetrapeptide ester, and a free dipeptide where 
melphalan, with one exception (VI), is the C-terminal amino-acid. The intermediate 
benzyloxycarbonyl and formyl compounds and four acetyl-peptides are set down in 
Table 2. The acyl-dipeptides (III; R = Ph-CH,°O-CO or Ac) and (II; R= R’ =H) 
were prepared by the chloroformate mixed anhydride procedure ? from various acylamino- 
acids and the ethyl ester (I; X = OEt, R =H) of melphalan. The acetyl-dipeptide 
esters (Table 2, nos. 7—10) were of biological interest in their own right and no attempt 
was made to hydrolyse them to the free dipeptides. Although racemisation is usually 
insignificant § in the chloroformate synthesis of dipeptides, the use of the same method in 
the condensation of acyl-dipeptides with amino-acid or peptide esters may lead to some 
racemisation.® It is generally accepted, however, that Curtius’s azide method of peptide 
synthesis 1 is completely safe in this respect.1 The benzyloxycarbonyl-tripeptides (IV; 
R! = Ph-CH,°0-CO; Table 2, nos. 14 and 15) were therefore prepared by the azide procedure 
from the appropriate acyl-dipeptide hydrazide. 


R™NH*CHR*CO*NH:CH'CH,'C,H,M-p R™NH*CHR*CO*NH*CHR®CO*NH'CH:CHyCgHM-p 
(III) CO,E£t (IV) = CO, Et 


This stereochemical consideration does not apply in the case of the benzyloxycarbonyl- 
tripeptide ester no. 12 of Table 2, since the intermediate benzyloxycarbonyl-dipeptide has 
glycine as the C-terminal amino-acid, and the chloroformate method of synthesis would 
doubtless be satisfactory. However, unless a differérit intermediate were used, this 
method would require the initial alkaline hydrolysis of benzyloxycarbonylvalylglycine ester 
to the free acid, and dipeptides with a C-terminal glycine residue are not always 
hydrolysed in a straightforward way.!* This ester no. 12 was therefore synthesised by the 
azide procedure also. The intermediate benzyloxycarbonyl-dipeptide esters required for 
the synthesis of the melphalan tripeptides were prepared by the chloroformate procedure. 

R*NH*CH*CO*NH*CH(CO,Et)*CHy*CgHyM-p) R*NH*CHPr*CO*NH*CH:CO*NH:CH,°CO, Et 
| “SCH, (Vv) |, CHyCgHyM-p (VI) 
R*NH*CHPr*CO-[NH:CH,*CO]_*NH*CH(CO,Et)*CHs"C,H,M-p (VII) 


The ester (V; R = Ph-CH,°O-CO) (Table 2, no. 16), though formally a tripeptide, is of the 
dipeptide type, and was prepared by the chloroformate method from dibenzyloxycarbonyl- 
L-cystine and two molar proportions of the ethyl ester of melphalan. The acyl-tripeptide 
ester (VI; R = Ph°CH,°O-CO; Table 2, no. 13) contains melphalan as the central amino- 
acid. In the preparation of this compound, the amorphous, hygroscopic “ melphalanyl ”- 
glycine ester hydrochloride [prepared by deformylation of the corresponding formyl 
derivative (Table 2, no. 11)] was condensed with benzyloxycarbonyl-L-valine by the chloro- 
formate procedure. The yield of purified acyl-tripeptide ester was low, possibly because 
of the questionable purity of the dipeptide ester intermediate. We have so far 
prepared only one tetrapeptide containing melphalan. The acyl intermediate (VII; 
R = Ph:CH,°O-CO; Table 2, no. 17) was synthesised by the azide method from the ethyl 
ester of melphalan and benzyloxycarbonyl-1-valylglycylglycine hydrazide. Although it 

® Vaughan and Osato, J. Amer. Chem. Soc., 1952, 74, 676; but see North and Young, ref. lla. 

* Vaughan, J. Amer. Chem. Soc., 1952, 74, 6137. 

1° Fruton, Adv. Protein Chem., 1949, 5, 1. 

1 (a) North and Young, Chem. and Ind., 1955, 1597; (b) Goodman and Kenner, Adv. Protein Chem.; 


1957, 12, 465. 
12 McLaren, Austral. J. Chem., 1958, 360. 
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1. TABLE 2. 
lL. C.B. Cryst. Yield 
No. Compound ¢ Formula No. from M. p. {eln (%) 
1 Z-1-Ala.Mel.OEt? III; R! = Z, R? = Me - Aé 95—96° +35°° 71 
le 2 Z-p-Ala.Mel.OEt* Ill; R'=Z,R*=Me — AS 100-101 +19" 60 
3€ 3 Z-1-Val.Mel.OEt?® III; R? = Z, R* = Pr! ~- Bf 159—160 +35° 72 
re 4 Z-p-Val.Mel.OEt ® III; R! = Z, R* = Pri — CS 160—161 +26" 55 
5 Z-1-Leu.Mel.OEt? Ill; R}'=Z,R?*=Buv — D 90—92 +32¢ 84 
fe 6 Z-1t-Phe.Mel.OEt? III; R! = Z, coe E4* 164—165 +219 61 
in = PhCH, 
1) 7 Ac-L-Phe.Mel.OEt?® III; R! = Ac, 3224 B¢ 156—158 +31¢ 71 
R? = PhCH 
D- 8 Ac-p-NO,-L-Phe.Mel.OEt® III; R! = Ac, ' 3205 C* 167—170' +39" 76 
le R? = p-NO,-C,H,CH, 
t 9 Ac-p-NO,-pD-Phe.Mel.OEt 4 III; R? = Ac, 3242 ~=FS 125—127 +42¢ 62 
D R? = p-NO,C,HyCH, 
ly 10 Ac-p-NH,-t-Phe.Mel.OEt(HCl) III; R? = Ac, 3231 G* 211—214 —7! 78 
in R? = p-NH,C,HyCH, 
11 Fo.Mel.Gly.OEt ® II; R! = R* =H 3243 BS 120—122 +159 53 
‘ 12 Z-1-Val.Gly.Mel.OEt*¢ IV; R'=Z,R*=Pr, — AS 106-109 425° 82 
e R?=H 
J 13 Z-1-Val.Mel.Gly.OEt?® VI; R=Z — If 178—180 -—22° 16 
’ 14 Z-1-Ala-L-Leu.Mel.OEt¢ Ns » = Z, R? = Me, i Bé 150—152 -—219 44 
re = Bu! 
15 Z-1-Val-Lt-Leu.Mel.OEt’ Iv; me = Z, R* = Pr’, —_— Bm 156—159 —149 54 
R? = Bu! 
16 Z-L-Cys.Mel.OEt® ns 
V; R=2Z —- HS 160—162 —8* 60 
| 24 ne 
as 17 Z-1-Val.Gly.Gly.Mel.OEt ¢ VII; R=Z = B/S 133—135? +36¢ 82 
ld : 
i Found (%) Required (%) 
o — a —_ 
er No. Formula Cc H Cl N Cc H Cl N 
1  CygH,5Cl,N,O, 58-0 5:8 13-1 80 580 615 13-2 7-8 
ys 2 ‘s 58-0 6-2 13-6 7-9 00 0 +0 - 
he 3 CysH,,Cl,N,O, 59-8 6-7 121 74 594 66 12:5 7: 
| 4 59-6 6-7 _ 75 
or ” ” ” ” ” 
5  CygH,,Cl,N,O, 59-9 6-6 12-2 69 600 68 12-2 7-2 
re. 6 Cy gH,,Cl,N,O, 62-5 6-3 11-4 71 62-5 6-1 11-5 6-8 
7  CygH,,Cl,N,O, 60-2 6-4 13-9 83 600 6-4 13-6 8-0 
8 CygHysCl,N,O, 55-3 5-8 12-5 100 550 5&7 12-5 9-9 
9 ia 55-3 5-7 12-2 9-7 Pa - ’» ’ 
10 CyH,y,Cl,N,OyHCl 54-6 6-3 18-4 99 544 615 185 9-8 
11 CygHggCl,N,O, 51-4 6-0 17-3 97 51-7 60 170 10-0 
12 CygH gCl,N,O, 57-8 6-4 — 92 578 665 — 9-0 
he 13 - 57-4 6-4 11-3 9-3 - . 11-4 pe 
- 14 CysH,,C1,N,O, 58-7 6-7 10-6 89 590 68 10-9 8-6 
15 — CygHygCl,N,O, 60-0 7-0 10-1 83 601 71 10-4 8-2 
de 16 CogHgClyNgOyoSy 54-4 5-6 12-5 74 86648 865-7 12-5 1-4 
0- 17 CygHggCl,N,O, 56-4 6-4 10-9 105 565 6-4 10-4 103 
”, A, Aq.EtOH. B, Aq.MeOH. C, MeOH. D, Pr°OH, then aq.EtOH. E, EtOH. F, aq.PrOH. 
vl G, MeOH-EtOAc. H, C;H,,,OH. I, POH. * The nomenclature follows that proposed by Brand 
y and Edsall. Z = benzyloxycarbonyl; Fo = formyl; OEt indicates ethyl ester; Mel = ‘“ melph- 
rO- alanyl’’ [p-di-(2-chloroethyl)amino-t-phenylalanyl]. * “ Chloroformate” synthesis. * “ Azide” 
se synthesis. ¢ Needles. * 1:00 in AcOEt at 23°. ‘ Amorphous. #% ¢ 1-00 in EtOH at 23—27°. 
; * Yellow irregular prisms. ‘Ist m. p. 125—127° (glass), 130° (fluid), then resolidification. 
ar j Prepared from the appropriate isomer of acetyl-p-nitrophenylalanine.™ * Plates. ' 1-00 in 
iT; MeOH at 23°. ™ Prisms softening to glass at 142—144°, then resolidification. ” Softening to glass 
yl at 125—127°. ¢ c 2-00 in CHCl, at 20°. * c 1-00 in CHCl, at 20°. 
it 
seemed likely that catalytic hydrogenolysis of the benzyloxycarbonyl-peptide esters would 
beasatisfactory route to the free dipeptide esters, we decided to investigate the practicability 
of hydrolytic deacylation. In a trial experiment, a saturated solution of hydrogen chloride 
m., in formic acid did not deacylate the benzyloxycarbonyl-ester no. 6 (Table 2) to any 
significant extent in 16 hr. at room temperature. This result was unexpected, for the 
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reagent had been successfully used in an earlier series of compounds for a similar purpose.38 
We then tried ethanolic hydrogen chloride which had been used occasionally for removing 
benzyloxycarbonyl groups from dipeptides 4 though there seems to have been no general 
study of its potentialities. Details of a limited investigation are given in the Experimental 
section. Table 4 indicates that dilution of saturated ethanolic hydrogen chloride 
causes a very marked reduction in the speed of deacylation of benzyloxycarbonylglycyl- 
glycine at room temperature. In solutions saturated with hydrogen chloride (ca. 10N) at 
room temperature hydrolysis is 50—100 times faster than in solutions of half this acid 
concentration. 10N-Ethanolic hydrogen chloride completely deacylates benzyloxy- 
carbony]phenylalanine in 2—3 days at room temperature; and peptide hydrolysis was 
negligible during 72 hr. for benzyloxycarbonylphenylalanylglycine ester in 10N-ethanolic 
hydrogen chloride at room temperature, though it occurred to a very slight extent under 
the same conditions with benzyloxycarbonylglycylphenylalanine ester. It appeared 
that peptide-bond hydrolysis did not occur in the case of benzyloxycarbonylglycylglycine, 
used in the time and concentration studies mentioned above, but the Ry values of the 
esters of glycine and of glycylglycine in the solvents were too similar for certainty in this 
limited study. 

This preliminary work suggested that the hydrolytic method would be applicable to 
the benzyloxycarbonylaminoacyl-esters of melphalan, and a number of the corresponding 
dipeptide esters (Table 3, nos. 1—4, 6 and 7) were prepared in this way. The purity of 
some of the products was checked chromatographically; no contamination by melphalan 
ester or by other amino-acids was detected. The glycyl- and L-valyl-dipeptide esters 
(Table 3, nos. 1 and 4) were also prepared by catalytic hydrogenolysis of the corresponding 
benzyloxycarbonyl compounds. Some of these dipeptide ester hydrochlorides were un- 
stable and decomposed slowly in the dark at room temperature. The presumed “ D-valyl- 
melphalan ” ester hydrochloride decomposed substantially to a brown gum within a few 
days (the compound was not analysed). The ester hydrochlorides of the L-valyl, L-leucyl, 
and L-phenylalanyl derivatives of melphalan became brown within a few months. The well- 
known ® resistance of valine peptides to acid-hydrolysis encouraged us to attempt a 
simultaneous deacylation and ester hydrolysis of the benzyloxycarbonyl-ester no. 3 of 
Table 2 by heating the compound under reflux with concentrated aqueous hydrochloric 
acid. The free dipeptide (VIII) (Table 3, no. 5) was thus obtained chromatographically 
pure and in reasonable yield. 


NHy°CHPr*CO*NH*CH(COgH)*CHy"CgHM-p (VIII) 


With the exception of the cystine derivative (Table 2, no. 16), where ethanolic hydrogen 
chloride was used, the benzyloxycarbonyl-tripeptide esters were deacylated by hydrogen- 
ation over palladium-charcoal, the free tripeptide esters being isolated as their 
hydrochlorides (Table 3, nos. 8—10 and 12). The product of deacylation of the benzyloxy- 
carbonyl-L-valyl-L-leucyl derivative (Table 2, no. 15) became gummy and discoloured 
on storage for a day or two, and was not analysed. The tetrapeptide, no. 13 of Table 3, 
was obtained in the same way by hydrogenolysis of the benzyloxycarbonyl derivative 
(Table 2, no. 17). The amino-acids used throughout this peptide work were either of the 
L- or the D-configuration: pi-forms were not used since it seemed advisable to avoid the 
preparation of products of uncertain stereochemical composition. 

While the biological effects of the melphalan derivatives described in this paper have 
not yet been fully assessed, some points are already clear. The general toxicity, hemo- 
toxicity, and anti-tumour activity (with special reference to the Walker rat carcinoma 256) 


13 Bergel and Stock, J., 1959, 97. 

14 Barkdoll and Ross, J. Amer. Chem. Soc., 1944, 66, 951; Goldschmidt and Jutz, Chem. Ber., 1953, 
86, 1116; Gawron and Draus, J. Org. Chem., 1958, 23, 1040. 

18 Synge, Biochem. J., 1945, 39, 351; Hirohata, Kanda, Nakamura, Izumiya, Nagamatsu, Ono, 
Fujii, and Kimitsuki, Z. physiol. Chem., 1953, 295, 368. 
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TABLE 3. ? 
C.B. Cryst. Yield 
No. Compound ¢ Formula No. from M. p. [a]p (%) 
1 Gly.Mel.OEt(P) ¥ Ill; R'= R?=H — AS 146—147° +20°" 53° 
2 .-Ala.Mel.OEt(H) ¢ III; R! = H, R* = Me 3225 —=—Bé 193—195 +21" 61 
3 p-Ala.Mel.OEt(P) @ III; Rt'=H, R*?= Me — Cc 137—139 +18! 50 
4 .-Val.Mel.OEt(H) III; R' =H, 3206 B™ 187—189 +309 93° 
R? = Pri 
5 1t-Val.Mel.OH # VIII 3261 D‘ 240—243* +54{ 75 
6 L-Leu.Mel.OEt(H) III; R' = H, R? = Bu'i3262 B"™ 170—172 +129 88 
7 1t-Phe.Mel.OEt(H) ¥ III; R' =H, 3207 B™ 204—206" +20" 96 
R* = PhCH, 
8 1-Val.Gly.Mel.OEt(Di-H) ¢ IV; R! = H, R* = Pr’, 3232 Ee 153—155 —54"9 80 
R? =H 
9 L-Val.Mel.Gly.OEt(Di-H) # VI; R =H 3263 B™ 153—156* —30" 53 
10 t-Ala-t-Leu.Mel.OEt(Di—H) IV; R! = H, R? = Me, 3248 B™ 155—158¢ 0! 75 
R? = Bu! 
ll oa " (P) ¢ F™ 158—163" +100 — 
12 1-Cys.Mel.OEt 
> (Di-H) * V; R=H 3247 B™ 140—142 —34" 92 
L-Cys.Mel.OEt 
13 t-Val.Gly.Gly.Mel.OEt(Di-H)“ VII; R=H 3252 B™ 124—127¢ +347 82 
Found (%) Required (%) 
No. Formula Cc H Cl N Cc H Cl N 
1 CysHogCl,NgOj9 44-9 4:3 11-0 13-8 44-6 4:5 11-4 13-6 
2 C,,H,,Cl,N,;03;,HCl 49-1 6-3 24-6 9-4 49-1 6-4 24-1 9-5 
3 CogHgoCl,NgO yo 45-3 5-0 11-2 13-0 45-5 4:8 11-2 13-3 
4 C,oH,,Cl,N,O,,HC1,H,O 49-2 7-0 21-5 8-4 49-3 7-0 21-8 8-6 
5 C,,H,,Ci,N,0;,H,O 51-2 6-8 16-5 9-9 51-2 6-9 16-8 9-9 
vy CygH,,Cl,N,O, * 53-7 6-6 17-8 10-6 53-5 6-7 17-5 10-4 
6 C,,H,,Cl,N,0;,HCl,H,O 49-8 6-8 21-5 8-1 50-4 7-2 21-3 8-4 
7 CyH,,Cl,N,O,,HCl 55-4 6-5 20-7 8-4 55-8 6-2 20-6 8-1 
8 C,.H,,Cl,N,O,,2HC1” 47-3 6-5 24-9 10-3 47-0 6-5 25-2 10-0 
9 C,.H,,Cl,N,O,,2HC1,2H,O 44-3 6-4 — 9-6 44-2 6-7 a 9-4 
10 C,,H,,Cl,N,O,,2HC1* 48-7 6-8 — 9-3 48-8 6-8 — 9-5 
11 CypHy,Cl,N,O,, 48-1 65 °- — — 48-3 5-5 — —_ 
12 C,,Hs,Cl,N,O,S,,2HCI,2H,O 42-7 6-1 22-25 8-8 42-3 5-9 21-8 8-7 
13 C,,H,,Cl,N,O;,2HCl,H,O 44-8 6-4 — 11-4 45-2 6-5 — 11:0 


A, C,5H,-EtOAc. B, EtOH-Et,O. C, EtOAc-light petroleum. D, MeOH-EtOH. E, EtOH- 
Me,CO. F, EtOH-light petroleum. H, Hydrochloride. P, Picrate. * See footnote a, Table 2. 
» Prepared both by catalytic hydrogenolysis and by hydrolysis of the corresponding benzyloxy- 
carbonyl derivative. °* Prepared by the hydrolytic method. * Prepared by catalytic hydrogenolysis. 
¢ Prepared from no. 10, / Orange prisms. #% c 1-00 in EtOH at 22—25°. * Calc. on the benzyloxy- 
carbonylglycine originally used; hydrolytic deacylation. ‘ Needles. 4 Via the deliquescent hydro- 
chloride. * Yellow needles. ' c 1-00 in MeOH at 24°. ™ Amorphous. * With decomp. ° Prisms. 
» ¢ 2:00 in EtOH at 20°. ¢ Glass; softening from 140°; fluid at ca. 163°. * Not sharpened by 
reprecipitation. * c 0-20 in EtOH at 25°. ‘ Hydrated. “ Glass at 123—125°. ° Yield in hydro- 
lytic experiment; catalytic hydrogenation gave a slightly lower yield. ~” Dried at 80°/0-1 mm. 
* Dried at 100°/0-1 mm. ¥ Slowly decomposes on storage in the dark at room temp.; decomposition 
substantial within a few months. * Melts to glass at 124—127° which crystallises on cooling and 
remelts at the temperature indicated. * Softening to glass at 136—139°. + Glass at 117—120°. 
tc 1-9 in MeOH at 21°. 


are greatest in compounds carrying a free primary amino-group, be they simple derivatives 
of melphalan or peptides of it—the activity is approximately equivalent to that of the mel- 
phalan they contain. This applies even to the tripeptides, such as no. 8 of Table 3, and the 
tetrapeptide (Table 3, no. 13) where the free primary amino-group is two or three amino- 
acids “ removed ”’ from the melphalan moiety. Acylation of the primary amino-group in the 
simple derivatives or peptides of melphalan substantially reduces the biological activity, 
although, in most cases, the ratio between the toxic and the effective anti-Walker tumour 
dose (the therapeutic index) is about the same. Thus, the N-formyl derivative of 
melphalan (Table 1, no. 1) has LDg» (median lethal dose), in rats, of 125 mg./kg. and 
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completely inhibits the Walker tumour at 15 mg./kg.; the corresponding figures for 
melphalan are about 8 mg. and 1 mg. respectively. However, the acetyl-L-phenylalany| 
derivative (Table 2, no. 7) of the melphalan ester has a substantially more favourable 
therapeutic index. Conversion of the carboxyl group in the simple derivatives or peptides 
of melphalan into an ester or amide group does not significantly alter the biological activity, 


TABLE 4. Deacylation of benzyloxycarbonylglycylglycine by ethanolic hydrogen chloride 
at room temperature. 


Normality (H*) Normality (H*) 








Reaction ,- -_ Reaction ~ ancien 

time (hr.) 1-25 2-5 5-0 10* time (hr.) 1-25 2-5 5-0 10* 
0-5 —_ - — + 24 * = ~ ++ 
1 — — —- -f 48 Not done Not done a ++ 
2 -- — fe ++ 96 ne me Notdone ++ 
4 a ged + + + 120 ” ” ” + + 
7 — — + ++ 


Ninhydrin colour intensity of glycylglycine ester spots: — not detectable or extremely faint; + very 
faint; + positive; + + approaching or equivalent to intensity produced by 100% deacylation 
(=13-5 pg. of ester). * Trace of glycylglycine present in all “‘ 10N ’’-samples. 


For example, the ethyl ester hydrochloride of melphalan is as toxic and as active as 
melphalan. These findings recall those of Larionov and his colleagues concerning (a) the 
relatively non-toxic dipeptides (IIa and }) mentioned above, and (0) the ethyl and iso- 
propyl esters of sarcolysin (I; X = OEt or OPr, R = H), and formy]- and acetyl-sarcolysin 
(I; X = OH, R = HCO or Ac).#*_ It is of interest that the introduction of an aromatic 
primary amino-group into “ acetylphenylalanylmelphalan ester ” (Table 2, no. 10) does not, 
however, increase the biological activity. The chemical activity of some of the com- 
pounds described here was measured by determining the extent of hydrolysis in boiling 
aqueous acetone in the presence of calcium carbonate under specified conditions. These 
results, together with the detailed biological findings, will be presented elsewhere,” but 
they indicate that the variations in biological activity in this series do not reflect variations 
(which are relatively slight) in the chemical reactivity of the “mustard” group. For 
example, N-formylation of melphalan ester does not significantly affect the chemical 
reactivity of the “‘ mustard” group, though it very markedly reduces biological activity. 
It is apparent, therefore, that the nature of the carrier of the “ nitrogen mustard ” group 
in this series has a profund effect on biological activity. The extension of the kind of 
work described above to the preparation of peptides carrying a cytotoxic group may lead 
to a series of “ artificial antibiotics ’’ having useful antitumour effects. This possibility is 
perhaps of special interest at a time when certain naturally occurring substances of a 
peptide nature, such as actinomycin D,!® are being studied as inhibitors of malignant 
growth. 


EXPERIMENTAL 


Simple Derwatives of Melphalan.—Formylation by Sheehan and Yang’s procedure ™ was 
used, except that, after dilution of the formic acid—acetic anhydride mixture with water, the 
product was extracted with ether, washed with water, dried (MgSO,), and recovered. The 
formyl compound (Table 1, no. 1) was obtained crystalline by the careful dropwise addition 
of water to its solution in methanol. The pt-isomer (N-formylsarcolysin) has been prepared 
by a similar method. 

Isobutyl chloroformate (2-0 ml., 15 mmoles) was added with shaking to an ice-cold solution 
of the formyl derivative (5-0 g., 15 mmoles) and dry triethylamine (2-1 ml., 15 mmoles) in dry 


18 Vodolazskaya, Novikova, Shkodinskaya, Vasina, Berlin and Larionov, Bull. Biol. Med. exp. 
U.R.S.S., 1957, 44, No. 11, 76. 

17 Elson, Bergel, and Stock, in preparation for Biochem. Pharmacol. 

18 Farber, in Ciba Foundation Symposium on Amino Acids and Peptides with Antimetabolic Activity, 
London, Churchill, 1958, p. 138. 
19 Sheehan and Yang, J. Amer. Chem. Soc., 1958, 80, 1154. 
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tetrahydrofuran (23 ml.). A white precipitate was rapidly formed. The mixture was set aside 
for 5 min. at 0°, and aqueous ammonia (d 0-88; 1-5 ml.; ca. 24 mmoles) was then added with 
shaking. After 2 hr. at room temperature, the mixture was evaporated under reduced pressure, 
and the residue extracted with ethyl acetate, washed with 0-1N-hydrochloric acid (the use of 
more concentrated acid may take the product into the aqueous phase as the hydrochloride of 
the weakly basic dichloroethylamine), sodium hydrogen carbonate solution, and water, dried 
(MgSO,), and recovered by evaporation under reduced pressure. The residual gum was con- 
verted into the crystalline N*-formyl-amide (Table 1, no. 3) by addition of water to its solution in 
ethanol. 

Preparation of the N*-formyl-ethylamide (no. 4 of Table 1) was similar to that of the amide 
but with ethylamine (33% w/v). 

Esterification was carried out by setting aside a solution of melphalan in 10N-ethanolic 
hydrogen chloride overnight, or by heating the amino-acid in 6N-ethanolic hydrogen chloride for 
2hr. under reflux. In both cases the mixture was evaporated almost to dryness under reduced 
pressure, the residual gum taken up in ethanol, and the product precipitated by addition of 
ether. This material was taken up in a minimum volume of ethanol, excess of chloroform 
added, and the solution evaporated on a hot plate with occasional addition of chloroform, 
until crystallisation of the ethyl ester hydrochloride (Table 1, no. 6) began. Recrystallisation 
gave an analytically pure product. The pi-isomer has been described.” 

The preceding ester hydrochloride (3-7 g., 10 mmoles) and sodium formate (0-7 g., 10 mmoles) 
were dissolved in 98% formic acid (40 ml.) and acetic anhydride (10 ml.)._ The solution was set 
aside for 2 days, treated with water (5 ml.), and evaporated under reduced pressure. Extraction of 
the oily residue into ethyl acetate, followed by washing with 0-1N-hydrochloric acid, sodium 
hydrogen carbonate solution, and. water, drying (MgSO,), and evaporation, gave the N-formyl 
ethyl ester (Table 1, no. 2), obtained crystalline by addition of water to its solution in methanol. 

The ethyl ester hydrochloride (3-7 g., 10 mmoles), dry triethylamine (1-4 ml., 10 mmoles), 
and chloroform was shaken until the solid had dissolved. Powdered succinic anhydride (1-0 g., 
10 mmoles) were added, and the mixture shaken until dissolution was complete and then set 
aside overnight. Evaporation under reduced pressure yielded a gum which was converted 
into the solid ester (Table 1, no. 5) by addition of water to a methanolic solution of the product. 

A solution of the N*-formylamide (no. 3 of Table 1) (0-5 g., 1-5 mmoles) in 0-5n-ethanolic 
hydrogen chloride (10 ml.) was warmed at 40° for 5 min., cooled, and treated with an excess 
ofether. The precipitate was taken up in warm ethanol and set aside for 1 hr., during which the 
amide hydrochloride (no. 7, Table 1) (0-15 g.) separated [m. p. 225—-228° (decomp.)]. Dissolution 
in ethanol and addition of ether yielded the pure product. When the formyl compound in an 
excess of 3n-ethanolic hydrogen chloride was set aside for 24 hr. at room temperature, the 
product was contaminated with ammonium chloride. 

Benzyloxycarbonyl- and Acetyl-dipeptide Ethyl Esters of Melphalan (III; R! = Ph*CH,°O-CO 
or Ac) and Dibenzyloxycarbonyl-L-cystinylbismelphalan Ethyl Ester (V; R = Ph°CH,*O-CO).— 
The mixed carbonic—carboxylic acid anhydride method 7 was used. In general, isobutyl chloro- 
formate (5 mmoles) was added to an ice-cooled solution of the acylamino-acid (5 mmoles) and 
dry triethylamine (5 mmoles) in dry tetrahydrofuran. The mixture was kept in ice for 20 min., 
then to it was added a freshly prepared solution of the ethyl ester hydrochloride (5 mmoles) of 
melphalan and triethylamine (5 mmoles) in chloroform. Next day, the mixture was taken to 
dryness in a vacuum, and the ethyl acetate extract of the residue was washed with 0-1Nn-hydro- 
chloric acid, sodium hyd: ogen carbonate solution, and water, dried (MgSO,), and evaporated 
under reduced pressure. The residual gummy or solid acyl-peptide ester was purified by 
crystallisation (Table 2). In the preparation of the cystine derivative (Table 2, no. 16), 
two moles of melphalan ester and of the other reagents were used per mole of the diacylcystine. 
Benzyloxycarbonylglycylmelphalan ester was exceptional; it could not be obtained solid, but 
deacylation (see below) led to a crystalline picrate (Table 3, no. 1). 

N-Formylmelphalanyl-glycine Ethyl Ester (11; R? = R? = H).—N-Formylmelphalan (10 g., 
30 mmoles) and glycine ethyl ester [freshly prepared from the ester hydrochloride (4-2 g., 
30 mmoles)} were condensed by the chloroformate procedure described above, the product being 
worked up in the usual way (Table 2, no. 11). 

Deacylation of N-Benzyloxycarbonyl-dipeptide Esters—(a) Catalytic hydrogenolysis. Two 
melphalan dipeptide esters (Table 3, nos. 1 and 4) were prepared in this way. A 5% palladium- 
charcoal catalyst was used and the reaction was complete in about 4 hr. at room temperature 
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and pressure in ethanol or ethanol-ethy] acetate solution containing about 3 equivs. of ethanolic 
hydrogen chloride. The products were isolated as hydrochlorides; the deliquescent glycine 
derivative was converted into the picrate. 

(b) Attempted hydrolysis with formic acid—hydrogen chloride. The method followed that first 
used in earlier work. Benzyloxycarbonyl-t-phenylalanylmelphalan ethyl ester (Table 2, 
no. 6; 80 mg.) was dissolved in formic acid saturated with hydrogen chloride and set aside for 
16 hr. The water-insoluble product crystallised from ethanol in needles, m. p. 164—165°, 
unchanged on admixture with the starting material. 

(c) Hydrolysis with ethanolic hydrogen chloride. (ci) Time and concentration study with 
benzyloxycarbonylglycylglycine. Portions (18 mg. each) of benzyloxycarbonylglycylglycine 
(Z.Gly.Gly) were severally dissolved in equal volumes (10 ml. each) of 1-25N-, 2-5N-, 5N-, and 
10n-ethanolic hydrogen chloride, and the containers were stoppered. Dissolution in the three 
weakest acids was slow, but was assisted by shaking for a few minutes. 0-01 ml. (18 yg. 
of Z.Gly.Gly) was removed at intervals up to 5 days and spotted on Whatman No. 1 
chromatography paper, together with glycine, glycine ester (as hydrochloride), glycylglycine, 
and glycylglycine ester (as hydrochloride). The chromatograms (ascending) were developed 
in 10:5:2:5 butan-l-ol-ethanol—propionic acid—water, then dried and passed through a 
0-25% solution of ninhydrin in acetone. The results are summarised in Table 4. Glycyl- 
glycine ester appeared to be the only product (but see footnote * below Table); however, it is 
possible that traces of glycine ester, formed by peptide fission, would not easily be detected 
since the Rp values are rather close (e.g., 0-57 for the dipeptide and 0-63 for glycine ester in one 
experiment) for the short runs (ca. 16 cm.) employed; moreover, a mixture of glycine ester and 
glycylglycine ester had an intermediate Ry,» of 0-60. 

(c ii) Quantitative time study with benzyloxycarbonyl-pi-phenylalanine. A 10% w/v 
solution of benzyloxycarbonyl-pL-phenylalanine in ethanol previously saturated with hydrogen 
chloride (ca. 10N) was prepared and protected by a calcium chloride guard-tube (a stopper 
tends to blow out, if used in the early stages of the experiment). Samples (2 ml. each) were 
withdrawn at intervals. Each sample was evaporated in a vacuum at room temperature and 
the residue shaken with ether (2 x 5 ml.); this rendered the residue solid. The ether extracts 
were decanted and discarded, and the residual ether was removed from the residue on a steam- 
bath. The weight of the residual phenylalanine ester hydrochloride was recorded. Ina control 
experiment with the ester hydrochloride, 100% recovery was obtained. The results tabulated 
below refer to 2 ml. samples (200 mg. of Z-Phe). Removal of the acyl group is seen to be 
complete within 3 days. 


Reaction time (hr.)  .............seessee 3 6 16 48 64 
Ester,HCl recovd. (mg.) ..........000++ 61 85 126 142 154 
OUTFIT eeskewsccccenncccces 40 55 82 92 100 


(c iii) Check on stability of peptide link in 10N-ethanolic hydrogen chloride. (1) Benzyl- 
oxycarbony]-pL-phenylalanylglycine ethyl ester ?° (10 mg.) was dissolved in saturated ethanolic 
hydrogen chloride (2 ml.), set aside for 72 hr. at room temperature, and evaporated at room 
temperature under reduced pressure, and the residue was evaporated twice with a little ethanol 
and chromatographed as in (ci) above. Only one ninhydrin-positive spot (Ry 0-81) was 
revealed, corresponding to phenylalanylglycine ester. No phenylalanine ester or glycine ester 
was detected. 

(2) The procedure for benzyloxycarbonylglycyl-pt-phenylalanine ethyl ester * was as outlined 
in (1) above. Glycylphenylalanine ester (Ry 0-75) was essentially the only product, but a trace 
of glycine ester was detected, indicating slight fission of the peptide bond (the corresponding 
phenylalanine ester spot was evidently obscured by the main dipeptide ester spot). 

(c iv) Preparation of aminoacyl-melphalan ethyl ester hydrochlorides (III; R! = H,HC)) 
and of t-cystinylbismelphalan ethyl ester (V; R = H,HCl). In general, the esters (III; R? = 
Ph’CH,°O-CO) were dissolved in saturated ethanolic hydrogen chloride (ca. 10 ml. per g.) 
(CaCl, guard-tube), and set aside for 3—4 days; filtration if necessary, and evaporation in a 
vacuum at <35°, gave a residue which was taken up in a little ethanol and reprecipitated by 
ether. The dipeptide hydrochlorides were purified by redissolution and reprecipitation as before, 
except in two cases where the hydrochlorides were deliquescent and were converted into picrates 
(Table 3, nos. 1 and 3). The cystine compound (Table 3, no. 12) was prepared similarly. 


2 Schlégl, Wessely, and Wawersich, Monatsh., 1954, 85, 957. 
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The purity of some of the peptide ester hydrochlorides was checked by ascending 
chromatography on Whatman No. 1 paper; R,y values in three solvent systems are tabulated 
below, together with the values for reference compounds. Each dipeptide gave one ninhydrin- 
positive spot only. 


Developing solvent Developing solvent 

Compound Aa® B Cc Compound a? B Cc 
Gly.Mel.OEt ...... 0-80 0-52 Mel.OEt ............ 0-84 (0-94) 0-69 0-63 
t-Ala-Mel.OEt ...... 0-89 (0-95) 0-69 _- GRITS cncesccvics 0-57 -- 0-95 
L-Val.Mel.OEt ...... 0-84 ~- 0-51 pDt-Phe.OEt ......... 0-87 -- a 
t-Phe.Mel.OEt ...... 0-86 — 0-01 pt-Ala.OEt ......... (0-66) 0-97 

wea — 0-01 —- 

. 


A, Bu8OH-EtOH-Et-CO,H-H,O (10:5:2:5). B, 1% aq. NH,Cl. C, 2% aq. NH,Cl. * Rp 
values vary somewhat with age of solvent mixture A. Figures in parentheses are for freshly- 
prepared A. 


L-Valylmelphalan (VIII).—Benzyloxycarbonyl-L-valylmelphalan ethyl ester (Table 2, no. 3) 
(0-32 g., 0-65 mmole) was heated for 25 min. under reflux with concentrated hydrochloric acid 
(4 ml.). The solution was cooled, concentrated in a vacuum, and extracted with ether. Con- 
centrated sodium acetate solution was then added to the cooled aqueous solution. The colour- 
less, granular precipitate was washed with water, dried, and crystallised (Table 3, no. 5). The 
peptide gave a single ninhydrin-positive spot of Ry 0-88 on paper (Whatman No. 1) when run in 
solvent A (preceding paragraph). The reference compounds, melphalan and valine, had Rp 
0-69 and 0-38 respectively. 

Benzyloxycarbonyl-.-valylglycine Ethyl Estery.—Benzyloxycarbonyl-L-valine was condensed 
on a 22 mmolar scale with glycine ester by the chloroformate method used for the me]phalan 
dipeptide esters. The acyl-dipeptide ester crystallised from ethanol in needles (64%), m. p. 
169—170°, {aJ,,2* —6° (c 1-00 in EtOAc) (Found: C, 61-1; H, 7-1; N, 8-3. Calc. for C,,;H,,N,O;: 
C, 60:7; H, 7-2; N, 83%). The compound has been prepared by Grassman and Wiinsch *4 
by the phosphorazo-method; they record m. p. 166°, but give no optical rotation. 

Benzyloxycarbonyl-t-valylglycine Hydvazide.—Benzyloxycarbonyl-L-valylglycine ethyl ester 
(20 g., 6 mmoles) and hydrazine hydrate (1-20 g., 24 mmoles) were heated for 1 hr. under 
reflux in methanol (30 ml.)._ The solution was set aside overnight, and evaporated to dryness 
inavacuum. The residual hydrazide crystallised from methanol (yield, 1-63 g., 85%), and had 
m. p. 175—176°, [a,,** —4° (c 2-25 in EtOH) (Found: C, 55-8; H, 6-9; N, 17-45. C,,H,.N,O, 
requires C, 55-9; H, 6-9; N, 17-4%). 

Benzyloxycarbonyl-t-valylglycylmelphalan Ethyl Ester (IV; R? = Ph°CH,-O-CO, R? = Pri, 
R* = H).—The preparation was carried out in a refrigerated room (ca. 3°). Benzyloxy- 
carbonyl-L-valylglycine hydrazide (1-13 g., 3-5 mmoles) was dissolved in acetic acid (10 ml.), 
and water (25 ml.) was added. The solution was cooled in ice and to it was added concentrated 
hydrochloric acid (1 ml.; d 1-16), then a solution of sodium nitrite (0-27 g., 3-9 mmoles) in water 
(2 ml.). A bulky solid was immediately formed. This was extracted into ice-cold ethyl 
acetate, washed with cold saturated sodium hydrogen carbonate solution, then with water, 
dried (MgSO,), and filtered. Meanwhile triethylamine (0-66 ml., 4:7 mmoles) was added to 
melphalan ester hydrochloride (1-74 g., 4-7 mmoles) in cold ethyl acetate (12 ml.), and the 
mixture stirred to assist dissolution of the free melphalan ester. This solution was filtered 
into the previously prepared azide solution, and the stoppered mixture set aside at 0° for 48 hr. 
The solution was then washed at room temperature with 0-1N-hydrochloric acid, sodium 
hydrogen carbonate solution, and water, dried (MgSO,), and evaporated to dryness in a vacuum. 
Relevant data for the tripeptide ester are recorded in Table 2 (no. 12). 

Benzyloxycarbonyl-t-alanyl-t-leucine Ethyl Estey—This compound was prepared on a 
20 mmolar scale from benzyloxycarbonyl-t-alanine and L-leucine ethyl ester hydrochloride by 
the method used for the synthesis of benzyloxycarbonylvalylglycine ester described above. 
The pale yellow oily ester (69% yield) resisted attempts to crystallise it, and was not analysed. 

Benzyloxycarbonyl-.-alanyl-L-leucine Hydvazide.—The oily benzyloxycarbonylalanyl-leucine 
ester was converted into the hydrazide as above. Two crystallisation from aqueous ethanol 
gave waxy needles (70%) of indefinite m. p. (152—162°, softening from 115°). The product was 


*t Grassman and Wiinch, Chem. Ber., 1958, 91, 449. 
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not pure but was suitable for conversion into the tripeptide derivative described below, 
Recrystallisation from ethyl acetate-light petroleum sharpened the m. p. to 158—162°, but 
involved substantial loss and the product was again not analytically pure; it had [a],?* —5§5§° 
(c 1-00 in EtOH). 

Benzyloxycarbonyl--alanyl-L-leucylmelphalan Ethyl Ester (IV; R* = Ph’CH,°O-CO, R? = 
Me, R*? = Bu').—The azide method was used (2 mmolar scale), and the procedure followed 
that described above for benzyloxycarbonylvalylglycylmelphalan ester. Data for the tripeptide 
ester are given in Table 2 (no. 14). 

Benzyloxycarbonyl-L-valyl-L-leucine Ethyl Estey —Benzyloxycarbonyl-L-valine was condensed 
with L-leucine ester on a 7 mmolar scale by the method used for benzyloxycarbonylvalylglycine 
ester. The product was isolated as a straw-coloured oil which gradually crystallised. Two 
successive crystallisations from aqueous ethanol gave needles, m. p. 103—105°, of the dipeptide 
ester (1-7 g., 60%), [a),* —42° (c 1-00 in EtOH) (Found: C, 64-2; H, 8-2; N,7-0. C,,H,,N,0, 
requires C, 64:3; H, 8-2; N, 7-1%). 

Benzyloxycarbonyl-.-valyl-L-leucine Hydrazide.—Benzyloxycarbonyl-.-valyl-t-leucine ester 
(1-0 g., 2-8 mmoles) was converted into the hydrazide by the method used for benzyloxycarbonyl- 
L-valylglycine hydrazide. Two crystallisations of the product from aqueous methanol gave 
the granular hydrazide, m. p. 135—140° (glass), 172—173° (fluid). The compound was not 
pure, but was suitable for conversion into the tripeptide described below. 

Benzyloxycarbonyl-.-valyl-.-leucylmelphalan Ethyl Ester (IV; R! = Ph-CH,°O-CO, R? = Pri, 
R* = Bu').—The preparation (1-5 mmolar) followed the azide procedure used for benzyloxy- 
carbonylvalylglycylmelphalan ethyl ester. Data for the tripeptide ester are presented in 
Table 2 (no. 15). 

Benzyloxycarbonyl-L-valyl-“ melphalanyl ’’-glycine Ethyl Ester (V; R = Ph°CH,°O-CO).—A 
solution of formyl-‘‘ melphalanyl ’’-glycine ester (1-5 g., 3-6 mmoles) in N-ethanolic hydrogen 
chloride (20 ml.) was warmed for 5 min. at ca. 45°. Evaporation gave a deliquescent gum; this 
material was evaporated twice with a little ethanol and then taken up in chloroform (10 ml.), 
and triethylamine (0-49 ml., 3-6 mmoles) was added. The resulting solution was added to a cold 
solution prepared 15 minutes earlier by adding dry triethylamine (0-49 ml., 3-6 mmoles), then 
isobutyl chloroformate (0-47 ml., 3-6 mmoles), to an ice-cold solution of benzyloxycarbonyl-t- 
valine (0-825 g., 3-6 mmoles). The mixture was set aside overnight and worked up in the usual 
way. The gummy product solidified on being rubbed with ether and was purified by crystallis- 
ation (Table 2, no. 13). 

Tripeptide Esters of Melphalan (VI; R = H,HCl).—Three of the benzyloxycarbonyl-tri- 
peptide esters (Table 2, nos. 12—14) were each (1—2 mmoles) deacylated by catalytic hydrogen- 
ation over 5% palladium-—charcoal in ethanol to which a little (4—8 mequivs.) 10N-ethanolic 
hydrogen chloride had been added. The product obtained by evaporation of each filtered 
reaction mixture was recrystallised or reprecipitated, to give the pure tripeptide ester 
dihydrochloride (Table 3, nos. 8—10). Hydrogenolysis of benzyloxycarbonyl-L-valyl-L-leucyl- 
melphalan ester (Table 2, no. 15) (0-28 g., 0-4 mmole) under the same conditions yielded a 
colourless granular product (0-18 g.), m. p. 182—189°. This material was converted by two 
successive crystallisations from ethanol-ether into colourless needles of a lower but sharp m. p. 
[155—157° (decomp.), somewhat dependent on the rate of heating]. The product was presum- 
ably the hydrochloride of t-valyl-t-leucylmelphalan ethyl ester (IV; R! = H, R? = Pri, R? = 
Bu'). Heating part of this material at 100° under reduced pressure converted it into a gum; 
this was not analysed. The remainder of the product decomposed to a dark gum within a few 
days in the dark at room temperature. 

Benzyloxycarbonyl-L-valylglycylglycine Ethyl Ester.—Benzyloxycarbonyl-L-valine was con- 
densed with glycylglycine ethyl ester on a 27 mmolar scale by the method used for benzyloxy- 
carbonyl-t-valylglycine ester, the isolation procedure being similar. The product was crystal- 
lised twice from aqueous ethanol, then propan-l-ol. The tiny crystals of acyl-tripeptide ester 
(73%) had m. p. 155—157° and [a],,2* +1° (c 1-0 in EtOH) (Found: C, 58-1; H, 6-7; N, 10-6. 
C,9H,,N,O, requires C, 58-0; H, 6-9; N, 10-7%). 

Benzyloxycarbonyl-L-valylglycylglycine Hydrazide.—The above ester (3-93 g., 10 mmoles) was 
heated for 1-5 hr. under reflux with hydrazine hydrate (2-0 g., 40 mmoles) in methanol (40 ml). 
The colourless granular solid obtained by evaporation to dryness under reduced pressure 
crystallised from ethanol as needles of the hydrazide (3-1 g., 82%), m. p. 178—180° (Found: C, 
53-4; H, 6-7. C,,H,;N,O, requires C, 53-8; H, 6-6%). 
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Benzyloxycarbonyl-L-valylglycylglycylmelphalan ester (VII; R = Ph°CH,°O-CO).—This acyl- 
tetrapeptide ester (Table 2, no. 17) was prepared from benzyloxycarbonyl-L-valylglycylglycine 
hydrazide and melphalan ester by the azide method (8 mmolar scale). The procedure was that 
used for the benzyloxycarbonyl-tripeptides (IV; R?! = Ph°CH,°O°CO) described above. 

L-Valylglycylglycylmelphalan Ethyl Ester (VII; R = H).—Benzyloxycarbonyl-t-valylglycyl- 
glycylmelphalan ester (1-0 g.) was deacylated by catalytic hydrogenation by the procedure used 
for the analogous tripeptide esters. The tetrapeptide ester was isolated as the dihydrochloride 
monohydrate (Table 3, no. 13). 


We thank Professor A. Haddow, F.R.S., for permission to quote some of his biological find- 
ings and Messrs. J. M. Johnson and M. H. Black for their skilled technical assistance. The 
analyses were carried out in the Microanalytical Laboratories, the Imperial College of Science 
and Technology, and by Mr. P. R. W. Baker, the Wellcome Research Laboratories, Beckenham, 
Kent. We are indebted to the Wellcome Foundation for the preparation of melphalan. 
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729. The Addition of Bromotrichloromethane and Carbon 
Tetrachloride to Aldrin. 


By D. I. Davies. 


The radical-catalysed addition of bromotrichloromethane and carbon 
tetrachloride to the 6,7-double bond of aldrin (I) has been studied, and 
evidence obtained indicating that it occurs in the tvans-manner. A similar 
stereochemistry may be inferred for similar additions to norbornene. 


In 1947 Kharasch and his colleagues} showed that bromotrichloromethane and carbon 
tetrachloride added to various olefins in the presence of free-radical initiators: 


XCCl, —— X* + "CCl, (X = Br, Cl) 


are ~ Jf 
fo n+ ed His a ~ 
VA 


\ 


is ie 
Cl5C-C-C@ XCCI, —> Cl,C-C-C-X + CCl, 
F : 


\ 


Kharasch and Friedlander? studied the addition of bromotrichloromethane to 
norbornene (bicyclo[2,2,1)hept-2-ene), and they found the product to be inert on mild 
treatment with ethanolic potassium hydroxide. Fawcett* then deduced that addition 
had occurred in a ¢trans-manner, as the hydrogen and bromine would then be cis to one 
another and not readily eliminated. This deduction is now invalid as Cristol et al. have 
shown that in the norbornane series, with its rigid geometry, the stereochemical requirement 
of ¢rans-coplanarity for ready elimination cannot be met. Kwart and Rolleri® found 
‘eid, om Jensen, and Urry, J. Amer. Chem. Soc., 1947, 69, 1100; Kharasch, Reinmuth, and Urry, 

a Kharasch and Friedlander, /. On. Chem., 1949, 14, 239. 

* Fawcett, Chem. Rev., 1950, 47, 2 


* Cristol and Hoegger, 7. Amer. hoa Soc., 1957, 79, 3438; Cristol and Hause, ibid., 1952, 74, 2193. 
5 See Rolleri, Diss. Abs., 1958, 19, 960. 
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that the dipole moment of the addition product, although somewhat ambiguous, indicated 
cis-addition. Rearrangement during the addition is unlikely as the addition product of 
chloroform and norbornene gave norcamphor on dehydrochlorination with potassium 





cl 
Ac : 
PP itn 
ci,*¢ —" XCCly K 
Cl cl 
aid ec! 
HCCI; } ci, thy 
re Xx 
Ch Cy (X=Cl or Br) (X =H,Cl, or Br) 


a. len (II) (IV) 


t-butoxide, followed by oxidation, a clear chemical proof of simple, unrearranged addition 
to the 1,2-double bond.5 

Because of the varying opinions, we began a re-investigation, using aldrin (I) instead 
of norbornene since the products are crystalline. 

Carbon tetrachloride added to the 6,7-double bond in aldrin in high yield, and the 
product was identical with that from chloroform and 6-chloroaldrin. Similarly bromo- 
trichloromethane added to aldrin, to give a product identical with that from chloroform 
and 6-bromoaldrin. These results, although not conclusive, favour ¢rans-addition of 
bromotrichloromethane and carbon tetrachloride to aldrin, and cis-addition of chloroform 
to 6-chloroaldrin and 6-bromoaldrin. 

Alder and Stein * showed that exo- is more stable than endo-norborneol,* and this has 
been confirmed by the study of other exo- and endo-derivatives of the norbornane series; 
for example, Winstein and Trifan ’ found that solvolyses of both endo- and exo-norbornyl 
arylsulphonate gave exo-products with great stereospecificity. Later studies of ionic and 
free-radical additions to norbornene and related compounds ® have all shown that the 
attacking entity approaches from the exo-side of the molecule, and thus it is assumed that 
the -CCl, radical will attack aldrin, 6-chloroaldrin, and 6-bromoaldrin to give an inter- 
mediate of type (IV) in which the radical centre at position 7 will presumably have an 
approximately trigonal structure. In the reactions of carbon tetrachloride and bromo- 


cl 


cif CCl, 
(1) — 
wea 
x 
trichloromethane with aldrin, these large molecules cannot approach the intermediate 
(IV; X = H) from the exo-side of the molecule on account of the steric hindrance of the 
trichloromethyl group, and they consequently attack from the endo-side to give a trans- 
addition product. When chloroform reacts with 6-chloroaldrin and 6-bromoaldrin, the 
chloroform molecule, if correctly orientated, can attack the intermediate (IV; X = Cl 
or Br) to give products of cis-addition, in which the trichloromethy] and halogeno-groups 


* In this paper the exo-side of aldrin is considered to be that on which the methylene bridge projects; 
the other side is termed endo-. 


* Alder and Stein, Annalen, 1934, 514, 211; 1936, 525, 183. 

7 Winstein and Trifan, J. Amer. Chem. Soc., 1952, 74, 1147, 1154. 

® Kwart and Kaplan, J. Amer. Chem. Soc., 1954, 76, 4072; Cristol, Arganbright, Brindell, and 
Heitz, ibid., 1957, 79, 6035; LeBel, ibid., 1960, 82, 623; Cristol and Brindell, ibid., 1954, 76, 5699; 
Cristol and Arganbright, ibid., 1957, 79, 6039; Berson, ibid., 1954, 76, 5748. 
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will be ¢vans-related and which are consequently identical with the addition products of 
carbon tetrachloride and bromotrichloromethane to aldrin. The results could be 
explained by cis-addition of bromotrichloromethane and carbon tetrachloride to aldrin, 
and trans-addition of chloroform to 6-chloroaldrin and 6-bromoaldrin. This seems 
unlikely, however, as it implies that steric hindrance to the attack by the smaller chloroform 


cl 
Cl af Cl 
CHCI ' 
+i — + c ail +CsCle 
CHCI re 
Cl W) cl 2 Cl Cl 


Cl 


molecule on the intermediate (IV) is greater than for the larger carbon tetrachloride and 
bromotrichloromethane. The cis-addition of chloroform to 6-chloroaldrin and 6-bromo- 
aldrin renders unlikely a bridged-radical intermediate, which accords with studies by 
LeBel ® and by Cristol e¢ al.8 on other additions of free radicals in the norbornene series. 
Aldrin is a substituted norbornene, and if the addition of bromotrichloromethane to 
aldrin is analogous to its addition to norbornene, then that addition must also give the 
trans-product. 

The adducts (II) of carbon tetrachloride and bromotrichloromethane to aldrin both 
eliminated one mol. of hydrogen chloride when treated with potassium hydroxide in 
refluxing ethyl alcohol. If Bredt’s rule is obeyed,® elimination must have occurred as 
illustrated. This is supported by the infrared spectra (KCl discs) where the elimination 
products showed bands at 6-09 yu. If elimination had given a 6,7-double bond, the bands 
would have been expected at 6-33 u as in 6-chloro- and 6-bromo-aldrin. The following 
synthesis employed for 6-chloroaldrin is of interest as it involves the preparation of 
2-chloronorbornadiene (V) as an intermediate. 

A mixture of endo-cis- and trans-5,6-dichloronorbornene gave a moderate yield (28-5%) 
of 2-chloronorbornadiene (V) on treatment with potassium hydroxide in refluxing ethylene 
glycol. Roberts e¢ al.® found that under milder conditions endo-cis-5,6-dichloronorbornene 
did not undergo significant dehydrohalogenation. Soloway ! prepared 6-bromoaldrin by 
the action of alcoholic potassium hydroxide on a mixture of dibromides obtained on reaction 
of aldrin with bromine in carbon tetrachloride. A repetition of this experiment gave in 
high yield a single dibromide, which with potassium hydroxide in ethyl alcohol gave 6- 
bromoaldrin. In the related reaction of 1,2,3,4-tetrachloro-1,4,4a,5,8,8a-hexahydro- 
1,4-dimethoxymethano-5,8-methanonaphthalene with bromine in chloroform, Mackenzie 4 
similarly obtained a single dibromide. 


EXPERIMENTAL 


Aldrin, obtained from the Shell Chemical Company melted at 60—80°. Recrystallised 
several times from methanol it gave pale yellow needles, m. p. 103—104-5°. 

Reaction of Carbon tetrachloride with Aldrin.—To aldrin (5-0 g.) in carbon tetrachloride 
(50 ml.) benzoyl peroxide (0-1 g.) was added. The mixture was boiled for 40 hr., then the 
carbon tetrachloride was removed by distillation, finally under reduced pressure on the steam- 
bath. endo-6-Chloro-6,7-dihydro-exo-7-trichloromethylaldrin (6-5 g.), on recrystallisation from 
methanol, had m. p. 137—138° (Found: C, 30-05; H, 1-6. (C,3H,Cl,») requires C, 30-1; H, 
155%). The infrared spectra of the crude and the purified product showed no detectable 
differences, indicating that a single compound was formed. 

Addition of cis-Dichloroethylene to Cyclopentadiene.—This was carried out by the method of 

® Roberts, Johnson, and Carboni, J. Amer. Chem. Soc., 1954, 76, 5692. 


1 Soloway, U.S.P. 2,676,131. Chem. Abs., 1954, 48, 8473. 
" Mackenzie, J., 1960, 473. 
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Roberts e¢ al.,° and a mixture of endo-cis- and trans-5,6-dichloronorbornene obtained. Most of 
the product solidified and thus consisted predominantly of the cis-isomer. 

Dehydrochlorination of the Mixed Dichloronorbornenes.—The mixture (20 g.) was boiled with 
potassium hydroxide (10 g.) in ethylene glycol (40 ml), for 1-5 hr., and the product, b. p. 
100—180°, was distilled off. It contained about 20% of water and was diluted with ether, 
The ether layer was dried (CaCl,) and evaporated. 2-Chloronorbornadiene, b. p. 140° (5-6 g), 
on redistillation, had b. p. 64°/70 mm., n,** 1-4960 (Found: C, 66-7; H, 5-9. C,H,Cl requires 
C, 66-4; H, 56%). It polymerised to a brown gum at room temperature during several 
months. 

Addition of Hexachlorocyclopentadiene to 2-Chloronorbornadiene.—Hexachlorocyclopenta- 
diene (10-6 g.) and 2-chloronorbornadiene (6-3 g.) were heated together in a sealed Pyrex tube 
at 140° for 12 hr. After removal of the unchanged reactants, 6-chloroaldrin (12-3 g.) was 
distilled off (b. p. 146°/0-1 mm.); it had m. p. 55—57° after several recrystallisations from 
methanol (Found: C, 36-1; H, 1-8. Calc. for C,,H,Cl,: C, 35-95; H, 1-75%). Lidov and 
Soloway ! record m. p. 55—57°, and Cristol and Arganbright ® record m. p. 62—64°. 

Reaction of 6-Chloroaldrin with Chloroform.—A solution of 6-chloroaldrin (4 g.) and benzoyl 
peroxide (0-1 g.) in chloroform (50 ml.) was refluxed for 240 hr. The chloroform was removed 
and the product was distilled, giving two fractions: the first, b. p. 120—140°/0-05 mm. (2-7 g.), 
slowly solidified; its infrared spectrum indicated a mixture of 6-chloroaldrin with a trace of 
another material whose absorption bands could be correlated with those of the addition product 
of aldrin and carbon tetrachloride. The second, b. p. 160—180°/0-1 mm. (1-6 g.), solidified and 
after several recrystallisations had the m. p. and mixed m. p. of endo-6-chloro-6,7-dihydro-exo- 
7-trichloromethylaldrin 137—138° (Found: C, 30-1; H, 1-45. Calc. for C,,;H,Cly: C, 30-1; 
H, 1-45%) (identical infrared spectra). All bands in the infrared spectrum of the crude distillate 
could be correlated with those of these two substances. 

Addition of Bromotrichloromethane to Aldvin.—Aldrin (5 g.), bromotrichloromethane (40 ml), 
and benzoyl peroxide (0-1 g.) were heated at 100° under nitrogen for 40 hr. Bromotrichloro- 
methane was removed by distillation, and then on the steam-bath, leaving endo-6-bromo-6,7- 
dihydro-exo-7-trichloromethylaldrin (7-5 g.). After several recrystallisations its m. p. was 
153—154° (Found: C, 27-75; H, 1-35. C,,;H,BrCl, requires C, 27-7; H, 1-4%). The infrared 
spectra of the crude and the purified product indicated that a single product had been formed. 

Addition of Bromine to Aldrin.—To a stirred solution of aldrin (10 g.) in carbon tetrachloride 
(100 ml.) at 0° bromine (4-4 g.) in carbon tetrachloride (100 ml.) was added during 2 hr. 
Stirring was continued for 24 hr. The excess of bromine and carbon tetrachloride was distilled 
off to leave endo-6-exo-7-dibromo-6,7-dihydroaldrin (13 g.), m. p. 174—175° (from 1: 1 benzene- 
ethanol) (Found: C, 27-6; H, 1-5. Calc. for C,,H,Br,Cl,: C, 27-5; H, 1-5%). 

Dehydrobromination of endo-6-exo-7-Dibromo-6,7-dihydroaldrin.—Potassium hydroxide (5 g.) 
and endo-6-exo-7-dibromo-6,7-dihydroaldrin (10 g.) were refluxed in 95% ethanol (100 ml.) 
for 18hr. Most of the ethanol was then removed by distillation, and water (100 ml.) was added 
to the residue to dissolve the inorganic materials. The resultant mixture was extracted with 
benzene (4 x 50 ml.) and the extracts were washed with water, dried (CaSO,), and evaporated. 
The residue recrystallised to give a pale yellow solid, m. p. 84-5° (7-0 g.). Further recrystal- 
lisation gave white 6-bromoaldrin, m. p. 85—86° (Lidov and Soloway !* report m. p. 84—85°) 
(Found: C, 32-4; H, 1-4. Calc. for C,,H,BrCl,: C, 32-45; H, 1-6%). 

Addition of Chloroform to 6-Bromoaldrin.—6-Bromoaldrin (4 g.) and benzoyl peroxide (0-1 g.) 
were boiled in chloroform (50 ml.) for 200 hr. The excess of chloroform was removed and the 
product distilled. Fraction (i), b. p. 1830—140°/0-03 mm. (3-0 g.), which solidified and gave 
the infrared spectrum of 6-bromoaldrin. Fraction (ii), b. p. 160—185°/0-04 mm. (1-13 g.), was 
a yellowish-white solid, the infrared spectrum of which indicated a mixture of 6-bromoaldrin 
and endo-6-bromo-6,7-dihydro-exo-7-trichloromethylaldrin. Recrystallisation from ethanol 
gave the latter with m. p. 151—152° and the correct infrared spectrum (Found: C, 28-05; 
H, 1-7. Calc. for C,,H,BrCl,: C, 27-7; H, 1-4%). 

Dehydrohalogenation of the Addition Product of Carbon Tetrachloride and Aldrin.—The 
adduct (2 g.) was boiled with potassium hydroxide (2 g.) in absolute ethanol (100 ml.) for 4 hr., 
then worked up as in the case of 6-bromoaldrin. endo-6-Chloro-7-dichloromethylene-6,1-di- 
hydroaldrin (1-4 g.) had m. p. 124—125° (Found: C, 32:3; H, 1-5. (C,,H,Cl, requires C, 32-4; 
H, 1-5%). 

12 Lidov and Soloway, B.P. 692,546. 
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Dehydrohalogenation of the Addition Product of Bromotrichloromethane and Aldrin.—Reaction 
as in the preceding paragraph gave endo-6-bromo-7-dichloromethylene-6,7-dihydroaldrin: (1-6 g. 
from 2 g.), m. p. 138—139° (Found: C, 29-5; H, 1-3. C,,;H,BrCl, requires C, 29-6; H, 1-3%). 


The author thanks Professor Stanley J. Cristol of the University of Colorado for his advice 
and interest, Professor B. Lythgoe, F.R.S., and Dr. A. T. Austin of the University of Leeds for 
valuable discussions and criticisms, the Shell Chemical Company for a gift of aldrin. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
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730. Preparation of Pyrophosphoryl Chloride from Phosphoric Oxide 
and Phosphorus Pentachloride, and a Radiochemical Investigation of 
the Reaction. 


By P. C. Crorts, I. M. Downig, and R. B. HEsLop. 


The reaction of phosphoric oxide with phosphorus pentachloride (formed 
in situ from phosphorus trichloride and chlorine) provides an excellent 
route to pyrophosphoryl chloride. The manner in which the yield depends 
on the P,O,,: PCI, ratio suggested that P-O-P linkages are not formed in 
the reaction and hence that the phosphorus atoms of the pyrophosphoryl 
chloride must be derived only from the phosphoric oxide. This was con- 
firmed by using **PCl,; practically all the radioactive phosphorus appeared 
as phosphoryl chloride. 


THE reaction of phosphoric oxide and phosphorus pentachloride was reported by Oddo? 
to yield some pyrophosphoryl chloride, Cl,OP-O-POCI,, together with phosphoryl chloride 
as the main product. As other methods ** for the preparation of pyrophosphoryl chloride 
give yields which are usually below 20%, this reaction was re-investigated. It appeared 
to us that Oddo’s low yield of pyrophosphory] chloride (8°, based on the total phosphorus 
in the reaction mixture) probably resulted from the proportions of reactants which, accord- 
ing to equation (1), would be expected to give only phosphoryl chloride. At first we 
considered that the best ratio of reactants would be that of equation (2), in which it is 
assumed that all the phosphorus, whether originally present as phosphoric oxide or as 
phosphorus pentachloride, can be converted into pyrophosphory! chloride. 


PsO4 + 6PCl, SP 10POCI, . . . . . . . . . . . . (1) 
With. + ae OR SE PD OS ae eg iieg 
Pro + 4PCl, ——B> 2P,0,Cl, + 4POCl . . . : . 


If, however, this compound is formed only by partial breakdown of the senha 
oxide structure, in which P-O-P linkages are already present, whilst the phosphorus 
pentachloride is converted wholly into phosphoryl chloride, the reaction should be 
represented by equation (3) and the maximum possible conversion into pyrophosphoryl 
chloride of the total phosphorus in the reactants is 50%. 

The effect of using different proportions of reactants was therefore investigated. A 
higher yield of pyrophosphoryl chloride than Oddo obtained was got by increasing the 
ratio of phosphoric oxide to phosphorus pentachloride. Subsequently, in order to avoid 
the unpleasant operation of weighing out phosphorus pentachloride, the reaction was 
carried out by passing chlorine into a boiling suspension of phosphoric oxide in a mixture of 

1 Oddo, Gazzetta, 1899, 29, II, 330. 

* Geuther and Michaelis, Ber., 1871, 4, 766; Wagner-Jauregg and Griesshaber, Ber., 1937, 70, 8; 


Klement and Wolf, Z. anorg. Chem., 1955, 282, 149. 
* Besson, Compt. rend., 1897, 124, 1099; Becke-Goehring and Sambeth, Angew. Chem., 1957, 69, 
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phosphorus trichloride and a diluent (carbon tetrachloride or phosphoryl chloride). The 
yields of pyrophosphoryl chloride obtained are shown in the Table. 


Molar ratio, PsOyq : PC, ..........ccceerceees 1:2 3:8 1:4 1:4 
BED. co xcsonuondescdspavenes puensusencosesndens CCl, CCl, CCl, POCI, 
Yield (% calc, on total P) ..............0++- 13, 10 23, 27, 22 29, 34 30, 31 
Yield (% calc. on eqn. 3) .........seceeeeeee 39, 30 58, 68, 54 58, 69 59, 62 


The fact that the highest yields, calculated on total phosphorus, are obtained by using 
the 1:4 ratio of reactants required by equation (3) supports the view that the P-O-P 
linkages, and hence the phosphorus atoms, in the pyrophosphory] chloride are derived wholly 
from the phosphoric oxide. Asa further test, the reaction was carried out with phosphorus 
pentachloride labelled with phosphorus-32. The prediction that, in accordance with 
equation (3a), the products would be inactive pyrophosphoryl chloride and radioactive 
phosphoryl chloride was found to be essentially true: the radioactivity of the phosphorus 


P,Oyo + 492PCl, ——t 2P,0,Cl, + 48*POCI . . . . . «+ Ga) 


in the pyrophosphoryl chloride was less than 0-5% of that of the phosphorus in the 
phosphoryl chloride. 

The reaction of phosphoric oxide with phosphorus pentachloride, formed im situ from 
phosphorus trichloride and chlorine, provides a simple method for the preparation of 
pyrophosphoryl chloride in similar yields (calc. on total phosphorus) to those recently 
reported * for the less convenient procedure of heating phosphoric oxide and phosphoryl 
chloride in sealed tubes at 200° for 48 hours, and in consistently higher yields than are 
obtained by either of the methods most frequently used.” 


EXPERIMENTAL 
Yields are calculated on the basis of equation (3). 


Reaction of Phosphoric Oxide and Phosphorus Pentachloride.—A mixture of phosphoric oxide 
(42-6 g., 0-15 mole) and phosphorus pentachloride (97-8 g., 0-47 mole) was heated at 105° for 
8 hr., then cooled and filtered. The solid was washed with carbon tetrachloride, and the 
combined filtrate and washings were distilled, giving pyrophosphoryl chloride (20-0 g., 34%), 
b. p. 105°/18 mm. 

Reaction of Phosphoric Oxide, Phosphorus Trichloride, and Chlorine in Carbon Tetrachloride.— 
Some runs were carried out in three-necked flasks but, because of the difficulty of introducing 
phosphoric oxide into these, a 700 ml. wide-mouthed reaction vessel with a multi-neck flanged 
lid was found to be more convenient. Ina run with this apparatus, chlorine was passed through 
a boiling mixture of phosphoric oxide (71-0 g., 0-25 mole), phosphorus trichloride (87-5 ml., 
1-0 mole), and carbon tetrachloride (100 ml.) until an excess was present. After a further 
30 minutes’ boiling, the mixture was cooled and filtered and the filtrate distilled, giving pyro- 
phosphoryl chloride (86-5 g., 69%), b. p. 101°/10 mm., m,”° 1-4765, d{° 1-814. The infrared 
spectrum (liquid film) contained a fairly sharp, strong band at 1316 cm. (P=O stretching), a 
broad strong band at 966 cm,"}, and a broad band of medium strength at 704 cm."}, the last two 
being associated with the P-O-P group.® These frequenies are close to those recently reported * 
for pyrophosphoryl chloride in cyclohexane. 

Reaction of Phosphoric Oxide and Phosphorus-32 Pentachloride——A 250 ml. three-necked 
flask was fitted with a reflux condenser protected by a calcium chloride tube, and a tube reach- 
ing almost to the bottom of the flask and serving to lead in nitrogen and chlorine through a 
trap, in which chlorine could be condensed and its volume roughly measured. The apparatus 
was flushed with nitrogen, and neutron-irradiated red phosphorus (ca. 6 mg., ca. 3c) was 
introduced through the central neck. Chlorine (5 ml.) was condensed in the trap and allowed 
to evaporate into the flask where it reacted with the radioactive phosphorus. Phosphorus 
trichloride (35 ml., 0-4 mole) and carbon tetrachloride (40 ml.) were added from a tap-funnel 
temporarily fitted to the central neck, and the mixture was boiled for a few minutes until the 
phosphorus pentachloride (from the radioactive phosphorus and from reaction of part of the 

* Grunze, Z. anorg. Chem., 1958, 296, 63. 


5 Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,’’ Methuen and Co., London, 1958, p. 318. 
* Baudler, Klement, and Rother, Chem. Ber,, 1960, 98, 149. 
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horus trichloride with chlorine remaining in the flask) had dissolved. Phosphoric oxide 

(28-4 g., 0-1 mole) was added from a dropping device for solids, temporarily fitted to the central 

neck. The mixture was heated to the b. p. and chlorine, previously condensed in the trap, was 

in slowly until after 1 hr. an excess of chlorine was seen to be present. Boiling under 

reflux was continued for a further hour, with occasional brief passage of chlorine to resaturate 
the mixture. 

After being kept overnight, the mixture was distilled to a vapour temperature of 90° (50 ml. 
of distillate). The remaining liquid was decanted from a small quantity of solid into a Claisen 
flask and distilled, to give fractions (i) b. p. <27°/38 mm. (4-9 g.), (ii) b. p. 27°/38 mm, 
to 29°/23 mm. (31-0 g.), and (iii) b. p. 29—103°/23 mm. (4-4 g.). The condenser was 
disconnected, the tip of the side arm of the flask was wiped with filter paper, and a clean con- 
denser, adaptor, and receiver were fitted. Distillation then afforded fraction (iv), pyro- 
phosphoryl chloride (20-6 g., 41%), b. p. 103—106°/23 mm. 

The radioactivites of fraction (ii) (phosphoryl chloride containing a little carbon tetra- 
chloride) and fraction (iv) were measured in a Mullard liquid counter, Type MX 124, with a 
Panax scaler, Type D 657, and were observed to be 39140 and 336 c.p.m. respectively. On the 
assumption that fraction (ii) is pure phosphory! chloride and fraction (iv) pure pyrophosphoryl 
chloride, and with correction for background (18 c.p.m.), lost counts, different densities, and 
different phosphorus contents of phosphoryl chloride and pyrophosphoryl chloride, the ratio 
of radioactive phosphorus to total phosphorus in the pyrophosphoryl chloride is calculated to 
be 0-47% of the ratio of radioactive phosphorus to total phosphorus in the phosphory] chloride. 


THe MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY, 





MANCHESTER, 1. (Received, April 11th, 1960. 
NOTES. 
731. Cyclic Amidines. Part XIII 2-Alkylamino-4-hydroxy- 
quinolines. 


By W. R. HALtLows and M. W. PARTRIDGE. 


Sopium 2-amino-4-n-butoxyquinoline, formed in xylene, yielded with an alkyl halide the 
corresponding 2-alkylamino-derivative. Evidence for this structure was provided by the 
synthesis of the 2-n-butylamino-derivative from 4-n-butoxy-2-chloroquinoline and n-butyl- 
amine. Certain of these ethers were dealkylated with hydrogen bromide to yield 2-alkyl- 
amino-4-hydroxyquinolines as structural analogues of the antibiotics Pyo Ic and Pyo Ib, 
4-hydroxy-2-nonyl- and 2-heptyl-4-hydroxy-quinoline respectively.2_ The 2-alkylamino-4- 
hydroxyquinolines were devoid of useful antibacterial activity. 


Experimental.—2-A lkylamino-4-butoxyquinolines. (i) 2-Amino-4-n-butoxyquinoline * (2-16 
g.) was refluxed in dry xylene (50 ml.) with sodamide (0-39 g.) for 12 hr.; the alkyl halide 
(0-01 mole) was added and heating was continued for 24 hr. The suspension was clarified 
(charcoal and kieselguhr) and concentrated to incipient crystallisation. Recrystallisation was 
effected from light petroleum, ethanol, or aqueous ethanol. The yields obtained were 46— 
52% (see Table 1). 

(ii) 4-n-Butoxy-2-chloroquinoline * (0-8 g.) and n-butylamine (0-35 g.) in ethanol (5 ml.) 
were heated in a sealed tube at 180° for 5 hr. The 2-butylaminoquinoline (0-6 g.) which 
separated when the solution was poured into water had m. p. and mixed m. p. 102—103° and 
afforded a picrate, m. p. and mixed m. p. 164—165°. This reaction could not be carried out in 
boiling ethanol. Attempted alkylation of sodium 2-acetamido-4-n-butoxyquinoline * in ethanol 
produced only 2-amino-4-n-butoxyquinoline. 

2-Alkylamino-4-hydroxyquinolmmes. The 2-alkylamino-4-butoxyquinoline (0-02 mole) was 
refluxed for 5 hr. in a mixture of acetic acid (50 ml.) and 48% aqueous hydrogen bromide 

' Part XII, Grout and Partridge, J., 1960, 3551. 


* Wells, J. Biol. Chem., 1952, 196, 331. 
* Hardman and Partridge, J., 1955, 510. 
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(30 ml.). Most of the solvent was evaporated and the resulting gum was crystallised from 
aqueous pyridine and, if necessary, from aqueous methanol (see Table 2). 





TABLE 1. 2-Alkylamino-4-n-butoxyquinolines. 


Found (%) Required (%) 
Substituent M. p. Formula Cc H N Cc H N 

145—146° C,,H»N,O 74-0 84 11:2 (73-7 83 11-5 
184—185 Cy,Hy3N,0, 53-1 5-1 148 53:3 49 148 
129—130 C,gH,gN,O 74-3 8-7 110 744 86 108 
160—161 C,.H,,N,O, 54-5 5-1 143 542 52 144 
103—104 CyHyN,O 746 86 104 750 89 103 
165—166 C,,;H,,N,0, 55-0 6-7 140 55-1 54 140 
106—107 Cy,H.N,O 75-1 8-9 98 75-5 9-2 9-8 

91—92 CygHygN,O 759 88 938 759 94 93 
116—117 C,,Hs,N,0, 56-6 59 13:0 56-7 59 13-2 

85—87 CypHggN,O 76-2 9-2 88 76-4 9-6 8-9 
105—106 CygH 3N,0, 57-1 5-7 126 57-5 6-1 12-9 

96—97 C,,H;,N,0 77-1 9-7 8-7 76-8 9-8 8-5 
102—103 CygHygN,O 78-9 11-2 60 79:0 11-0 6-4 





TABLE 2. 2-Alkylamino-4-hydroxyquinolines. 


Found (%) Required (%) 
Substituent M. p. Formula Cc H N Cc H N 
188—189° C,3H,,N,O 13-1 13-0 
185—186 C,,H,,N,0 73-2 80 119 73-0 79 12-2 
157—158 CysHypN,O 11-4 11-5 





141—142 C,H,N,O 747 88 103 750 89 103 


The authors gratefully acknowledge their indebtedness to Miss G. L. M. Harmer for the 
antibacterial tests. ; 


THE UNIVERSITY, NOTTINGHAM, __ (Received, February 25th, 1960.) 





732. 5a,178-Dihydroxy-6«,17«-dimethylandrostan-3-one. 
By G. Cootey, B. EL.is, and V. PETRow. 


TREATMENT of 38-acetoxy-6-methylandrost-5-en-17-one! (I; R= Ac, R’ = ‘O) with 
monoperphthalic acid gave, in high yield, a single crystalline compound regarded as 
36-acetoxy-5a,6a-epoxy-68-methylandrostan-17-one (II; R= Ac, R’ = °O). Reductive 
fission of the epoxide ring with lithium aluminium hydride in hot dioxan—tetrahydrofuran 
led to 6a-methylandrostane-38,5«,176-triol (III; R = R’ = H), which formed a diacetate 
(III; R= Ac, R’ =H), and which was oxidised with chromium trioxide—pyridine to 
5a-hydroxy-6a-methylandrostane-3,17-dione (IV; R= :O). Treatment of the last 
compound with thionyl chloride—pyridine converted it into the known 6a-methylandrost- 
4-ene-3,17-dione? (V). Similar dehydration of 38,17§-diacetoxy-6«-methylandrostan- 
5a-ol (III; R= Ac, R’ = H) furnished an apparently homogeneous product C,,H4,0,, 
m. p. 110—114°, which was shown to be an approximately 1:1 molecular complex of 
38,178-diacetoxy-6-methylandrost-5-ene! (VII) and 36,178-diacetoxy-6«-methylandrost- 
4-ene (VI; R= Ac) by its preparation from its component parts. The unsaturated 
diacetate (VI; R = Ac) required for this purpose was conveniently obtained by reduction 
of the diketone (V) with lithium aluminium hydride followed by acetylation of the resulting 
38,176-diol (VI; R= H). Its formation from the saturated compound (III; R = Ac, 
R’ = H) establishes in the latter both the position of the hydroxyl substituent and the 
configuration of the 6-methyl group. 

6,17«-Dimethylandrost-5-ene-38,178-diol! (I; R=H, R’=-OH, **+Me) was 
similarly converted into the epoxide (II; R =H, R’ = —-OH, +--+ Me) and thence, by 


1 Grenville, Patel, Petrow, Stuart-Webb, and Williamson, J., 1957, 4105. 
* See Ackroyd, Adams, Ellis, Petrow, and Stuart-Webb, /., 1957, 4099. 
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reduction followed by oxidation of the triol (III; R =H, R’ = Me), into 5«,178-di- 
hydroxy-6«,17«-dimethylandrostan-3-one (IV; R = —OH, *** Me) required for biological 
study. This ketone afforded an optical rotatory dispersion curve showing a single positive 
Cotton effect above 250 my, consistent with a érans-fusion of rings A and B.* These 
transformations bear a formal resemblance to certain experiments reported‘ in the 
cholestane series. 


ie) (V) 
Me 





RO AcO . 
Vl e VU 
Me (V1) na (VII) 








Experimental.—Optical rotations were measured for chloroform solutions in a 1 dm. tube 
unless otherwise stated. The optical rotatory dispersion curve was kindly determined by 
Mr. M. T. Davies, B.Sc., and Miss D. F. Dobson, B.Sc. 

38-A cetoxy-5a,6a-epoxy-68-methylandrostan-17-one (Il; R = Ac, R’ = :O) (with Dr. D. N. 
Kirk). 38-Acetoxy-6-methylandrost-5-en-17-one ! (5 g.) in chloroform (50 ml.) was treated 
with monoperphthalic acid (4-5 g.) in ether (70 ml.) and set aside at 0° for 18 hr. After removal 
of acidic materials, the epoxide was isolated with ether and purified from acetone—hexane. It 
separated in flakes, m. p. 187—189°, [a],,** + 12° (c 0-34) (Found: C, 73-1; H, 9-0. C,,H,,0, 
requires C, 73-3; H, 8-95%). 

6a-Methylandrostane-38,5«,17B-triol (III; R= R’ =H). The foregoing epoxide (4 g.) in 
tetrahydrofuran (100 ml.) and dioxan (200 ml.) was added to lithium aluminium hydride (8 g.) 
in dioxan (400 ml.). The mixture was heated at 100° for 64 hr., then cooled, and excess of 
reagent was decomposed with ethyl acetate. The triol was isolated with ethyl acetate and 
crystallised from aqueous methanol as needles, m. p. 213—215°, {a],?* —6° (c 1-07 in CHCl, 
containing 5% of EtOH) (Found: C, 74-8; H, 10-7. Cy 9H,,0, requires C, 74-5; H, 10-6%). 
The 38,178-diacetate crystallised from aqueous methanol in needles, m. p. 183—184°, [a],,* — 16° 
(c 1-02) (Found: C, 70-8; H, 9-4. C,,H,,0, requires C, 70-9; H, 9-4%). 

5a-Hydroxy-6a-methylandrostane-3,17-dione (IV; R = :O). 6a-Methylandrostane-36,5a,178- 
triol (0-76 g.) in pyridine (7-5 ml.) was added to chromium trioxide (1-5 g.) in pyridine (15 ml.), 
and the mixture was set aside overnight. The product was isolated with ether and purified 
from acetone-hexane. The dione formed prisms, m. p. 187—189°, [aJ,,** +40° (c 0-9) (Found: 
C, 75-3; H, 9-8. CygH gO, requires C, 75-4; H, 9-5%). 

6a-Methylandrost-4-ene-3,17-dione (V). The foregoing compound (0-27 g.) in pyridine 
(25 ml.) was treated at 0° with thionyl chloride (0-2 ml.), dropwise during 5 min. After a 
further 10 min. the mixture was poured into water. The product crystallised from acetone— 
hexane to give 6a-methylandrost-4-ene-3,17-dione, prisms, m. p. 167—168°, identified by mixed 
m. p. determination and by its infrared spectrum. 


% See Djerassi and Closson, J. Amer. Chem. Soc., 1956, 78, 3761 and references cited therein. 
* Shiota, J. Chem. Soc. Japan, 1956, '77, 1116; Chem. Abs., 1959, 58, 5338. 
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Dehydration of 38,178-diacetoxy-5a-hydroxy-6a-methylandrostane (III; R= Ac, R’ = H). 
Thionyl! chloride (0-3 ml.) was added dropwise to a solution of the diacetate (0-5 g.) in pyridine 
(3 ml.) at 0°. After 10 min., the mixture was poured into water, and the product crystallised 
from aqueous methanol. The 1:1 molecular complex of 38,178-diacetoxy-6-methylandrost-5- 
ene and 36,17-diacetoxy-6a-methylandrost-4-ene (see below) separated in flat needles, m. p, 
110—114°, [aJ,,° —43° (c 1-0) (Found: C, 73-95; H, 9-1. C,,H3,0, requires C, 74-2; H, 9-3%). 
When a mixture of equal weights of authentic 38,17$-diacetoxy-6-methylandrost-5-ene 
({a], —82°) and 38,176-diacetoxy-6«-methylandrost-4-ene ({a],, —4°) (see below) crystallised 
from aqueous methanol, there was obtained a complex identical with the foregoing dehydration 
product in m. p., mixed m. p., optical rotation, and infrared spectrum. 
6a-Methylandrost-4-ene-38,178-diol (VI; R= H). 6a-Methylandrost-4-ene-3,17-dione (5 g.) 
in tetrahydrofuran (70 ml.) was added during 30 min. to a stirred solution of lithium aluminium 
hydride (1-5 g.) in tetrahydrofuran (150 ml.) at 0°. Thereafter, the mixture was heated under 
reflux for 1 hr., cooled, and treated cautiously with ethyl acetate (100 ml.). After addition 
of water (40 ml.) and sodium sulphate (14 g.), the whole was vigorously shaken and then filtered. 
The dried filtrate was evaporated in vacuo, and the residue purified from acetone—hexane, to 
give the diol, needles, m. p. 139—141°, [aj,** +39-5° (c 0-84) (Found: C, 78-85; H, 10-9. 
CyoH,,0, requires C, 78-9; H, 10-6%). 
38,178-Diacetoxy-6a-methylandrost-4-ene (VI; R= Ac), obtained by acetylation of the 
foregoing diol, crystallised from aqueous methanol in plates, m. p. 157—158°, [a],,2° —4° (c 0-92) 
(Found: C, 73-85; H, 9-4. C,,H,,O, requires C, 74-2; H, 9-3%). 
66,17a-Dimethyl-5a,6a-epoxyandrostane-38,178-diol (II; R=H, R’ = —OH, +++ Me). 
6,17«-Dimethylandrost-5-ene-38,178-diol ! (24-7 g.) in chloroform (900 ml.) was treated with 
monoperphthalic acid (16-8 g.) in ether (300 ml.) and set aside at 0° overnight. The epoxide, 
isolated in the usual way, crystallised from acetone—hexane, giving needles, m. p. 210—212° 
(decomp.), {a],7* —75° (c 0-66) (Found: C, 75-6; H, 10-6. C,,H;,0, requires C, 75-4; 
H, 10-25%). ' 
6a,17a-Dimethylandrostane-38,5«,178-triol (III; R= H, R’ = Me). The foregoing com- 
pound (10 g.) in tetrahydrofuran (350 ml.) and dioxan (1 1.) was added to lithium aluminium 
hydride (10 g.) in dioxan (11.). The stirred mixture was heated at 100° for 8 hr., cooled, and 
treated with ethyl acetate. Crystallisation of the product from aqueous methanol gave the 
triol, needles, m. p. 230—233°, [a],,2*5 —23° (c 0-92 in CHCl, containing 5% of EtOH) (Found: 
C, 74:8; H, 10-7. C,,H,,0, requires C, 74-95; H, 10-8%). 
5«,178-Dihydroxy-6a,17a-dimethylandrostan-3-one (IV; R = —OH,*:**Me). The foregoing 
triol (1:5 g.) in pyridine (15 ml.) was added to chromium trioxide (1-5 g.) in pyridine (15 ml.). 
The mixture was set aside for 3 days. After isolation with ether, the ketone crystallised from 
acetone—hexane as rods, m. p. 230—233°, [a],,2* — 20° (c 0-45 in CHCl, containing 1% of EtOH) 
(Found: C, 75:2; H, 10-1. C,,H,,0, requires C, 75-4; H, 10-25%). The optical rotatory 
dispersion curve in methanol (c 0-51) showed a single positive Cotton effect with peak at 310 my, 
{aj*® + 1400°. 


The authors thank the Directors of The British Drug Houses, Ltd., for permission to publish 
this work. 





CHEMICAL RESEARCH LABORATORIES, 
Tue British Druc Houses, Ltp., Lonpon, N.1. [Received, February 26th, 1960.] 


733. The Heterogeneous Catalysis by Metals of Electron-transfer 
Reactions in Solution. 
By M. Spiro. 


METALS catalyse many reactions in solution which involve gases, such as the decom- 
position of hydrogen peroxide and of formic acid. It might be expected that metal 
surfaces would accelerate other kinds of process in solution, such as oxidation—reduction. 
Several instances of this have now been recorded,!? and Waind ' has suggested that here the 





1 Waind, Chem. and Ind., 1955, 1388; Gilks and Waind, Discuss. Faraday Soc., in the press, 
* Lewis, Coryell, and Irvine, J., 1949, S386. ‘ 
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catalyst could act asa conductor. It is the purpose of this Note to report further qualit- 
ative experiments, and to show that the results can be explained by an extension of Waind’s 
suggestion. 

Just * discovered that platinum increased the rate of the reaction 2Fe(CN),3- + 3I1- —» 
2Fe(CN),4 + 1,~, and quantitative confirmation was obtained in this laboratory by 
e.m.f. measurements. With Just’s technique of observing the metal when it was 
suspended in the mixed solution alone or with added thiosulphate and starch, it was 
found that ruthenium, rhodium, iridium, palladium, and gold were also catalysts. The 
gold foil looked tarnished after immersion. On mercury, a thin green film formed in the 
mixture was identified chemically and by X-rays as mercurous iodide. No perceptible 
reaction occurred when the metals were in contact for short periods with appropriate 
solutions containing only ferricyanide and ferrocyanide or iodide and iodine, although 
mercury was slowly attacked by ferricyanide. 

When exposed to the reaction 2Fe** + 3I- —» 2Fe** + I,-, platinum was again 
surrounded by iodine, and mercury by mercurous iodide. No appreciable interaction 
took place with platinum or mercury in the process S,0,?- + 3I1- —» 2S0,2- + I,-. 

These results can be explained on the simple hypothesis that iodide ions and oxidant 
ions are adsorbed on the metal surface, and that electrons may be transferred between 
Model of metal them through the metal (see Figure). Little catalysis can occur when 

catalysis. the oxidant ion withdraws electrons very slowly, and this is the case with 

3- persulphate as is shown by the electrochemical irreversibility of the 

Fe(cm), S,0,2--SO,?- couple; nor, presumably, would there be any catalysis were 

e iodide replaced by a reductant reluctant to supply electrons. But if 

® electrons are transferred rapidly then the same products are formed as on 

electrolysis. Anodes of platinum, gold, and other noble metals oxidise iodide 
to iodine whereas mercury becomes coated with a skin of mercurous iodide.5 

If this mechanism is correct it should be possible to predict the extent and kind of 
interaction between metals and electron-transfer reactions from a knowledge of electrode 
behaviour. 


l 


My thanks are offered to the Mond Nickel Co. for samples of pure ruthenium, rhodium, 
iridium, and palladium. 


UNIVERSITY OF MELBOURNE, AUSTRALIA, [Received, February 29th, 1960.] 


3 Just, Z. phys. Chem., 1908, 68, 513. 
* Spiro, Johnston, and Wagner, Electrochim. Acta, in the press. 
5 Kolthoff and Miller, J. Amer. Chem. Soc., 1941, 68, 1405. 





734. The Conversion of Theobromine into 2,3-Dihydro-3,7-di- 
methyl-2-oxopurine. 
By ABRAHAM KALMus and FELIX BERGMANN. 


REPLACEMENT of the 6-hydroxy-group in theobromine by hydrogen was achieved by 
Tafel! in a two-step process: electrolytic reduction on a lead cathode in 50% sulphuric 
acid yielded first a dihydro-derivative (‘‘ desoxytheobromine ’’) of the probable structure 
(II), derived from 2,3-dihydro-3,7-dimethyl-2-oxopurine (IV) by saturation of the 1,6- 
double bond; then dehydrogenation by bromine or silver acetate. Fichter and Kern ? 
reduced theobromine to the dihydro-compound (II) with zinc and hydrochloric acid. 

It is known*® that xanthine reacts with phosphorus pentasulphide selectively at 
position 6. This has been found to apply also to methylxanthines, such as theophylline 
and theobromine, the latter giving 6-thiotheobromine (I). Desulphuration of this yielded 


1 Tafel, Ber., 1899, $2, 3194. 
? Fichter and Kern, Helv. Chim. Acta, 1926, 9, 380. 
* Beaman, J. Amer, Chem. Soc., 1954, 76, 5633. 
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Tafel’s “‘ desoxytheobromine; ”’ the absence of an ultraviolet absorption maximum above 
220 my supports the formulation (II). 


") (> 10 bre rm 


Me (11) Me (111) Me (IV) 





Different results were obtained with the 6-methylthio-derivative (III). This, on 
treatment with Raney nickel in water at 80°, gave satisfactory yields of the purine 
derivative (IV) which is now thus easily available. 

The tendency of compound (I) to exchange its sulphur atom for two hydrogen atoms 
may be ascribed to its reluctance to pass into the mercapto-form. Such an explanation 
is, however, at variance with the observation that with Raney nickel at 100° the com- 
pound (IV) is slowly reduced (to II). The reason for the different behaviour of compounds 
(I) and (III) is therefore that the 6-methylthio-derivative reacts with Raney nickel at a 
temperature (80°) at which compound (I) is not attacked at all. It appears probable that 
compound (IV) is also the intermediate in the conversion of (I) into (II). Similar 


observations have recently been reported by Fox and van Praag in the desulphuration of 


4-thiouracil.* 


Experimental.—6-Thiotheobromine (1). A solution of theobromine (4 g.) and phosphorus 
pentasulphide (10 g., 2 equiv.) in pyridine (200 ml.) was refluxed for 6 hr. The solvent was 
removed in vacuo and the residue boiled with water (200 ml.). The aqueous extract, when 
filtered and cooled, deposited a yellow-brown material (4 g.; 92%), which was dissolved in hot 
n-sodium hydroxide. This solution was decolorised with charcoal and acidified with glacial 
acetic acid. Recrystallisation from 95% ethanol gave yellow needles, m. p. 270—275° (decomp.) 
(Found: C, 43-1; H, 4-0. Calc. for C,H,N,OS: C, 42-9; H, 4-1%). 

1,2,3,6-Tetvahydro-3,7-dimethyl-2-oxopurine (II). Raney nickel (3 g.) was added to a solution 
of 6-thiotheobromine (1 g.) in 5% aqueous ammonia (15 ml.), and the mixture stirred under 
reflux for 1 hr. The catalyst was removed and the filtrate concentrated in vacuo. After 
3 days at 0°, white needles (0-3 g., 33%) appeared, which melted at 210—215°, as reported by 
Tafel. The picrate, which crystallised from water in yellow rods, had m. p. 205° (decomp.), as 
reported by Fichter and Kern.? 

2,3-Dihydro-3,7-dimethyl-6-methylthio-2-oxopurine (III). A mixture of 6-thiotheobromine 
(1 g.), 25% aqueous sodium hydroxide (10 ml.), and methyl iodide (0-5 ml.) was stirred at room 
temperature for 1 hr. The white precipitate was filtered off and recrystallised from water, to 
give a 56% yield of needles, m. p. 260—262° (decomp.) (Found: C, 45-9; H, 4-6; N, 26-3. 
Calc. for CsHyyN,OS: C, 45-7; H, 4-8; N, 26-7%). 

2,3-Dihydro-3,7-dimethyl-2-oxopurine (IV). Raney nickel (4 g.) was added to a stirred 
solution of the preceding compound (0-8 g.) in water (40 ml.), and the mixture kept at 80—90° 
for 1 hr. The catalyst was removed and the filtrate concentrated in vacuo. After 24 hr., 
a white precipitate (0-4 g., 58%) was obtained, which crystallised from ethanol in plates, m. p. 
255—256° (decomp.). Above 100° the substance changes to a grey powder (Tafel ? reports the 
same m. p. for the substance, after it had lost its water of crystallisation at 100°) (Found: C, 
46-4; H,5-1. Calc. for C,H,N,O,H,O: C, 46-2; H, 5-5%). 

The absorption maxima (see Table) were measured in 0-01N-phosphate buffer of pH 8-0. 
The Ry values (see Table) were determined on Whatman paper No. 1 by the descending method; 


Ultraviolet absorption spectra and Ry values. 


Ry 
Compound Amax. (my) log ¢ A B Fluorescence 
GER.  wactdbciccbonselisischuassores 255, 346 2-93, 3-61 0-65 0-8 Yellow 
SENET Gnseanitkcenesnsnncosenwiauien 270, 317 3-95, 4-09 0-6 0-65 Blue 
eer eo 272, 318 4-00, 4-12 0-7 0-75 White 


A: 95% ethanol-acetic acid—water (17:1: 2).. B: 95% ethanol—-pyridine—water (7 : 2: 1). 
* Fox and van Praag, J. Amer. Chem. Soc., 1960, 82, 486. 
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spots were located by their fluorescence under a Mineralight ultraviolet lamp, emitting light of 


about 255 mu. ' 
This study was supported by grant No. RG-6631 from the United States National Institutes 


of Health. 


DEPARTMENT OF PHARMACOLOGY, THE HEBREW UNIVERSITY-HADASSAH MEDICAL SCHOOL, 
JERUSALEM, ISRAEL. [Received, March 17th, 1960.] 





735. Infrared Spectra of Deuterium Compounds. Part II.* 
The Methyl Crotonates. 


By F. Darton, P. S. ELLInGTon, and G. D. MEAKINs. 


WHILE conjugation of a 1,2-disubstituted ethylenic centre with carbon-carbon multiple 
bonds has been shown to cause regular shifts in the olefinic C-H out-of-plane bending 
vibrations, the effect of conjugation with C=O groups has not been systematically studied.1 
In this connection an important result is the correlation of the olefinic hydrogen bending 


Infrared frequencies (cm.) of methyl crotonates, RMeC=C-RCO,Me. 


The compounds were examined in carbon disulphide on a Perkin-Elmer model 21 spectrometer. 
Figures in parentheses are apparent molecular extinction coefficients (mole 1. cm.~'). 















C=O C=C 
Ester stretching stretching Prominent bands between 1350 and 650 cm.-! . 
R=H_ _ 1726(~800) 1657(180) 1311(300) 1290(170) 1193(~400) 969(220) 
1263(250) 1176(~450) 
Wans) R — [2H] 1720(~800) 1623(110) 1260(~500) 1080(240) 718(120) 
1244(~450) 
R=H _  1723(~800) 1646(120) 1241(100)  1192(~400) 1012(90) 812(150) 
1172(~500) 
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in trans- and cis-CH=CH-CO-X (X = OH, OR, NHR) with bands near 980 and 820 cm.*, 
respectively.2 The shift ascribed to conjugation is exceptionally large in the second case 
(cf. the isolated cis-CH=CH- group, with olefinic bending near 700 cm."), and an alternative 
assignment of the 820 cm." band is possible. The purpose of the present work was to 


* Part I, J., 1960, 2927. 


? Bellamy, ‘“‘ The Infra-red Spectra of Complex Molecules,”” Methuen, London, 1958, p. 40. 
? For references see Allan, Meakins, and Whiting, J., 1955, 1874. 
* Walton and Hughes, Analyt. Chem., 1956, 28, 1388; J. Amer. Chem. Soc., 1957, 79, 3985. 
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locate the ethylenic hydrogen bending bands in the methyl crotonates by comparing their 
spectra with those of the corresponding «$-dideutero-derivatives. 

Deuteration of methyl tetrolate afforded methyl cis-[«6-*H,]crotonate which was 
isomerised to the trans-[a8-*H,|crotonate without change in deuterium content (see Experi- 
mental). The Figure and Table show that the 968 cm. band of the normal ¢rans-crotonate 
and the 820 cm. band of the normal cis-ester are missing from the spectra of the deuterium 
compounds, in agreement with the assignment of these bands to the -CH=CH~- groupings 
in the normal series. The 718 cm.* band of the trans-[a8-*H,]crotonate may correspond 
to the 968 cm. band of the normal compound, but no such correlation could be made in 
the cis-compounds.* It is possible that the 820 cm.+ band of the normal cis-ester 
represents two superimposed absorptions, the main one being the olefinic CH deformation, 
and the weaker one a skeletal vibration which appears at 791 cm.“ in the deutero-derivative, 

The overall differences between the spectra of the normal esters and the corresponding 
deutero-compounds are surprisingly large. As well as the lowering in the frequencies and 
intensities of the C=C stretching bands there are marked changes in the intense bands 
between 1300 and 1000 cm.. (Somewhat similar, although less pronounced, differences 
between normal and deuterated esters have been observed previously.*) The occurrence 
of these changes in bands not primarily associated with the deformation of CH bonds is 
thought not to invalidate the above identifications of the olefinic CH out-of-plane bending 
bands, since these can reasonably be expected to appear below 1000 cm.*. 


Experimental.—Methyl cis-[a8-*H,]crotonate. A suspension of Lindlar catalyst (1 g.) 5 in 
99-8% deuterium oxide (3 ml.) and dioxan (30 ml.) was shaken in deuterium for 16 hr. After 
evaporation of the mixture at 20 mm., the catalyst was dried at 60°/0-05 mm. for 6 hr. and added 
to a solution of methyl tetrolate (1-5 g.) * in dry ether (50 ml.). The mixture was shaken in 
deuterium until 353 ml. of gas had been adsorbed, and then filtered, and the solvent evaporated 
through a Vigreux column. Distillation of the residue afforded methyl cis-[a$-*H,]crotonate 
(0-94 g.), b. p. 107—108° [1-90 atoms of deuterium per molecule (mass analysis); no impurities 
detectable by gas-phase chromatography]. 

Methyl trans-[a8-*H,|crotonate. (The following procedure was developed after trial experi- 
ments with methyl cis-crotonate in carbon disulphide. The isomerisation was followed by 
infrared spectral examination of the solution, and the product was isolated and shown to be 
methyl ¢vans-crotonate.) A solution of methyl cis-[«8-?H,]crotonate (0-9 g.) and iodine (20 mg.) 
in dry ether (20 ml.), contained in a sealed Pyrex-glass tube, was warmed by irradiation with a 
250w tungsten lamp for 28 days. Evaporation of the solution (fractionating column) and 
distillation of the residue gave methyl] trans-[«8-?H,]crotonate (0-55 g.), b. p. 118—119° [1-86 
atoms of deuterium per molecule (mass analysis); no impurities detectable by gas-phase 
chromatography]. 


We are indebted to Dr. J. H. Baxendale for the mass analyses, to the Department of Scientific 
and Industrial Research for a grant (to F. D.), to the Ministry of Education for a research 
scholarship (to P. S. E.), and to Mrs. I. Croxon and Miss D. Trafford for technical assistance. 


THE Dyson PERRINS LABORATORY, OXFORD. (Received, March 24th, 1960.) 


* We are grateful to Dr. J. E. Page for examining the cis-compounds between 700 and 400 cm."!. 


* Nolin and Jones, Canad. J. Chem., 1956, 34, 1382, 1392. 
5 Lindlar, Helv. Chim. Acta, 1952, 35, 446. 
® Henbest, Jones, and Walls, J., 1950, 3646. 





736. Polypurines. Part II. Occurrence of Isomers in the 
Preparation of 1,2-Di-9’-adeninylethane. 
By J. H. Lister. 
From the crude product obtained in the preparation of 1,2-di-9’-adeninylethane ! (I), 
alkali removed a by-product which, although giving satisfactory analyses for the expected 
isomer (II), did not show ultraviolet absorption similar to that of simpler 6-(substituted 
! Part I, Lister, J., 1960, 3394. 
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amino)purines, 6-methylaminopurine? being used for reference spectra. 1,2-Di-6’- 
purinylaminoethane (II) was prepared by condensing 6-chloropurine with ethylene- 
diamine: its spectra were similar to those of 6-methylaminopurine but different from 
those of the by-product. However, the wavelength of the maximum absorption 
band of the by-product was intermediate between those of the isomers (I) and (II). 


NH), — CH, - NH NH, n 4H 
N 7 N NZ N N 
te Tre, Be Cre 
L N re N Sn Nv Na N 
" Cen,-J2 H 42 [cH,],-NH 


(1) (II) (IIT) 


Therefore, the asymmetrically linked isomer (III) was prepared, by interaction of 9-2’- 
aminoethyladenine * and 6-chloropurine; both its ultraviolet and infrared spectra 
resembled those of the by-product but were not identical. The by-product was then 
found chromatographically to be inhomogeneous: the main spot was eluted and gave a 
spectrum identical with that of the asymmetric compound (III). Calculations from the 
ultraviolet data show that the by-product is mainly (III), with about 10% of (II). The 
crude product from the cyclisation is therefore a mixture of the three isomers with an 
approximate composition of (I) 80%, (III) 18%, and (II) 1—2%. 


Absorption maximum (my) (values in parentheses are for 10° e). 








pH 1 pH 13 
Subst. iain Duta. ‘ae Mais 
| ee eee a 258 (24-6) 232 (6-1) 258 (21-0) 230 (4-7) 
EEMED shabevesaseqccagcesssencs 266 (24-1) 233-5 (6-7) 263-5 (22-8) 237-5 (8-0) 
GED ccovscsessamdeceenibotin 277-5 (27-6) 234-5 (5-9) 276 (28-6) 241 (7-0) 


Experimental.—-Analyses are by Mr. P. R. W. Baker, Wellcome Research Laboratories, 
Beckenham. All compounds were dried at 140°. 

By-product from the preparation of 1,2-di-9’-adeninylethane. The crude product! (60% 
yield) was digested with 2N-sodium hydroxide at 60° for 5 min. The suspension was filtered 
and the filtrate cooled and brought to pH 6 with acetic acid. The granular precipitate (0-15 g., 
10% yield on starting material) was purified by further precipitations and washed with water 
and ethanol giving the by-product, m. p. >350° (Found: C, 46-8; H, 43; N, 465-4. 
CysH,2Ni9,4H,O requires C, 47-2; H, 4:3; N, 45:9%). Chromatography on paper with 5% 
ammonia solution in 17 : 3 butanol—water gave a main spot, Ry 0-2, and a minor spot just above 
the origin. 

1,2-Di-6’-purinylaminoethane (11).—A solution of 6-chloropurine (1 g.) in butan-1-ol (20 ml.) 
was heated under reflux with 70% aqueous ethylenediamine (0-3 g.) and triethylamine (3 ml.) 
for 3 hr. After cooling, the precipitate was filtered off, taken up in 2N-sodium hydroxide 
(charcoal), and reprecipitated with acetic acid, giving the dipurine (0-55 g., 57%), m. p. >350° 
(Found: C, 47-1; H, 4:3. C,,H,.Nyo,4H,O requires C, 47-2; H, 43%). From 2n-hydro- 
chioric acid this gave a dihydrochloride (Found: C, 39-15; H, 3-8; N, 38:1. C,,.H,,Ni9,2HCI 
requires C, 39-0; H, 3-8; N, 37-9%). 

9-(2-6’-Purinylaminoethyl)adenine (III).—To a solution of 9-2’-aminoethyladenine * (1-8 g.) 
in water (40 ml.) and triethylamine (8 ml.) was added 6-chloropurine (1-4 g.), and the mixture 
heated under reflux for 2 hr. The product, after cooling, was filtered off and washed with 
water and ethanol (1-2 g., 38%) and purified by dissolution in 50% acetic acid and precipitation 
at pH 6 with ammonia solution: it did not melt below 350° (Found: C, 45-7; H, 4-8; N, 44-3. 
C,2H,2Nio,H,O requires C, 45-85; H, 4;5; N, 446%). 


I thank Miss J. M. Wiseman and Dr. Lumley Jones for the ultraviolet and infrared absorp- 
tion data respectively, and the Medical Research Council, the British Empire Cancer Campaign, 


2 Mason, J., 1954, 2071. 
* Lister and Timmis, J., 1960, 327. 
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737. The Solubilities of Some Alkali Bromides in Aqueous 
Bromine Solutions. 


By G. H. CHEESMAN and E. K. Nunn. 


EARLIER work with which one of us has been associated has surveyed several systems of 
the type water—bromine-alkali bromide with the object of detecting pelybromides as solid 
phases. The present report concerns three such systems that yielded no new compounds, 
but since the compositions of the invariant solutions give a useful indication of the general 
behaviour of each system, it is felt that the data are worth placing on record. 

Ammonium Bromide.—In the system H,O-Br,-NH,Br at 0° the compound NH,Br, ! 
has a long solubility arc terminated by two invariant solutions whose compositions are 
(all compositions are given as percentages by weight): 

(1) NH,Br, 35-04%; Br,, 28-13%; in equilibrium with NH,Br and NH,Br, 

(2) NH,Br, 9-39%; Br, 85-70%; in equilibrium with NH,Br, and Bry. 

Sodium Bromide.—This system was examined by Harris? who reported that the 
highest invariant lay between hydrated sodium bromide, bromine, and solution; he gave 
no figures. We have determined that the invariant solution at 0° has the composition: 


NaBr, 13-23%; Br,, 73°86%; in equilibrium with NaBr,2H,0 and Bry. 

Lithium Bromide.—In this system no polybromide is formed at 0° and the highest 
invariant solution has the composition : 

LiBr, 6-12%; Br, 86-38%; in equilibrium with LiBr,2H,O and Br,. 

It is noteworthy that lithium bromide dihydrate appears as the stable phase at this 
invariant since Hiittig and Reuscher* showed that this hydrate only exists in stable 
equilibrium with aqueous solutions above 4°. We have confirmed (by using small con- 
centrations of Xylene Cyanol FF, determined absorptiometrically) that at 0° and in the 
absence of bromine the trihydrate is the stable phase as stated by Hiittig and Reuscher, 
and find its solubility at this temperature to be 57-35% (by weight). However, the 
dihydrate is found (by seeding experiments) to be stable in contact with solutions contain- 
ing as little as 0-76% of bromine; thus the invariant solution in equilibrium with the di- 
and tri-hydrates must contain less bromine than this. 

In all the foregoing, the phase described as Br, is, of course, saturated with water and 
halide, but analysis showed the concentration of the latter to be negligible in all the three 
cases. This resembles the behaviour of potassium bromide * but contrasts markedly with 
cesium bromide, which Harris ® also studied; this dissolves to a considerable extent in 
the bromine-rich liquid. At lower bromide concentrations, in each case, bromine hydrate 
forms a solid phase at 0°. 


THE UNIVERSITY OF TASMANIA, HOBART, TASMANIA. [Received, April 20th, 1960.] 


1 Roozeboom, Ber., 1881, 14, 2398. 
* Harris, J., 1932, 1697. 

3 Z. anorg. Chem., 1924, 187, 155. 
« Harris, J:, 1932, 1694. 

® Harris, J., 1932, 2709. 
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738. The X-Ray Crystallographic Determination of the Structure 
of Bromomirestrol. 


By Nogt E. TayLor, DorotHy Crowfoot Hopckin, and J. S. ROLLETT. 


0.) The structure of the plant cestrogen, mircestrol, in the form of its mono- 
bromo-derivative, has been investigated by two- and three-dimensional 
methods of X-ray analysis. These lead to the structure (VI), which corre- 
sponds to the chemical formula C,,>H,,0, and incorporates a partly reduced 
isoflaven nucleus. The bromine atom was first placed by the calculation of 
a Patterson projection along [010] in the monoclinic crystal structure, and 
the positions of the carbon and oxygen atoms were then found by three suc- 
cessive calculations of the three-dimensional electron-density distribution. 
is of The distinction between carbon and oxygen atoms in the molecule was made 
solid from a projection of the difference between the electron density derived with 
nds, the observed F values and with a set calculated by assuming that all the 
eral atoms present (other than bromine) were carbon. 
The structure found for mircestrol appears to have interesting biogenetic 
Br 1 relations and to account both for the chemical properties of the compound 
= and, in general terms, for its biological activity. 
Tue study of the structure of the plant cestrogen, mircestrol, described in this paper, has 
been carried out in close collaboration with Drs. D. G. Bounds and G. S. Pope, who prepared 
the active compound from the plant Pueraria mirifica found in Thailand. The use of oa 
X-ray methods to investigate its structure was initially suggested on account of the very 
small amount of material they could obtain. The structure now found by the X-ray 
analysis of monobromomircestrol appears to account very well for the chemical and spectro- 
scopic properties of mircestrol which they describe in the following paper. 
Mircestrol itself was first examined crystallographically by Dr. M. S. Webster in two 
hest differently hydrated crystalline modifications. The molecular weight determined from 
the measured density and unit-cell dimensions agreed with the formula C,,H,,O0, but the 
accuracy was not sufficient to rule out the alternative analytically permissible formula 
CapH 40g. The complexity of the molecule was clearly too great to permit a detailed 


the 
zave 





this X-ray analysis of its structure without the introduction of a heavy atom into the molecule. 

able A bromine derivative was sought, since the average scattering factor for X-rays of the 

= mircestrol molecule as a whole, measured as -/}‘f?, is approximately equivalent to that of 

bes a bromine atom; 2 the monobromo-derivative, when prepared, appeared to be a suitable 4, 
her, 


th simple substitution product. 
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0) The molecular structure for monobromomireestrol (III) has been deduced by two- and 
three-dimensional methods of X-ray analysis. Initially the positions of the bromine 
atoms in the crystal were determined from Patterson projections. Two following electron- 
density projections served to place the nine additional atoms of the structural unit (I), 
and the remaining carbon and oxygen atoms were located in stages (II) and (IIT), through 


1 Bounds and Pope, following paper. 
? Cf. Mathieson, Rev. Pure Appl. Chem., 1955, 5, 113. 
60 
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successive calculations of the electron density in three dimensions. The distinction 
between carbon and oxygen atoms in the molecule was made by the calculation of difference 
maps. The structure (III) corresponds with the formula C,)H,,0, for mircestrol itself. 


EXPERIMENTAL 


Bromomireestrol was recrystallised from aqueous alcohol in thin, transparent, lath-like 
crystals, elongated along the } axis, with {001} dominating. All crystals from the first 
sample studied (type I) proved to have a disordered crystal structure. They gave sharp X-ray 
reflections of widely varying intensity, interleaved by weak diffuse reflections. The sharp 
reflections could be referred to a monoclinic unit cell of dimensions a = 7-23 A, b = 5-98 A, 
c = 20-33 A, ® = 92-4° with 020 reflections absent for # odd and two molecules in the unit cell 
(calculated density 1-65, g./c.c.). The weak diffuse reflections corresponded with a unit cell 
having a doubled and four molecules per cell. 

A later preparation of bromomireestrol, which crystallised in much larger crystals (type II) 
gave X-ray photographs on which all reflections were sharp, corresponding with an ordered unit 
cell containing four molecules with a = 14-46 A, b = 5-98 A, c = 20-33 A, 8 = 92-4°, space 
group P2, and two molecules of bromomircestrol in the asymmetric unit. 

The relation between the two types of crystal is extremely close. All the X-ray reflections 
common to the two sets of photographs are indistinguishable by eye in relative intensity. 
Further (0/) reflections when h is odd, given by type II crystals, are represented only by three 
very weak reflections while type I crystals give no interleaving diffuse (401) reflections. The 
effects can be explained by small relative translations parallel to the b axis of alternate molecules 
following one another along a; these translations must occur in a regular repetitive manner in 
type II crystals, in a random way in those of type I. ; 

The structure analysis was almost complete before type II crystals were found and is based 
solely on the sharp reflections of type I crystals. These were treated as if they referred to a 
crystal of space group P2, with two molecules in the unit cell.: 

(hkl) reflections were recorded for k = 0 tok = 4 by the multiple-film Weissenberg technique 
with a crystal of dimensions 0-11 x 0-75 x 0-009 mm., set for rotation about its needle axis. 
Exposure times of the order of 160 hr. were necessary. The intensities were estimated visually 
for the 1150 reflections recorded in this way and the data from the individual layers put on to 
the same scale by comparison with an independent set of (OR1) data. Corrections for the Lorentz 
and polarisation factors were made as usual. The intensity of reflection falls off very rapidly 
with increasing & and, although reflections with k up to 7 fall within the reflection sphere of 
Cu-Ka radiation, these higher-order terms must be relatively very small. The rapid fall-off 
in intensity in this direction is obviously associated with the disorder in the crystals, but it 
could be treated in the same way as the fall-off resulting from an anisotropic thermal movement 
of the atoms. The data were put on to an approximately absolute scale by Wilson’s method,’ 
Wilson plots of the individual layers being used to give values of the temperature factors normal 
and parallel to the b-axis, of B, = 2-53 x 107* cm.? and B, = 8-64 x 107% cm.*. At a later 
stage, plots of log (> F./Fo) against sin? @, over small ranges of sin? 0, showed the difference to 
be even greater than this; the final temperature constants were found to be B, = 
2-55 x 10°%* cm.? and B, = 11-25 x 107! cm.?. 


STRUCTURE ANALYSIS 


The relative scattering weight of bromine compared with that of mircestrol is very 
favourable for a direct application of heavy-atom methods of structure analysis. But, in 
the space group P2,, the relative positions of the two bromine atoms in the crystal are 
centro-symmetrical when the structure as a whole is not. Except in the single centro- 
symmetrical projection of the structure down the b axis, electron-density distributions 
calculated with phase constants derived from the bromine-atom contributions have false 
symmetry; they show peaks due to the remaining atoms in the molecule superimposed on 
those of a centro-symmetrically related mirror-image molecule, as in the analysis of 
cholesteryl iodide. The main problem in the structure determination of mircestrol there- 


% Wilson, Nature, 1942, 150, 151. 
* Carlisle and Crowfoot, Proc. Roy. Soc., 1945, A, 184, 64. 
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fore turned on distinguishing in three dimensions the atoms of one molecule from its 
mirror image. The course taken was in outline as follows: a 7 

1. The sharpened Patterson function was calculated for the (010) projection by using 
the derived F? values and a modifying function exp (8 sin* 0/27). The x- and z-parameters 
of the bromine atom were clearly defined by the heaviest peak present; at the end of the 
analysis it was found that all the main features of the projection were accounted for in a 
calculated map of bromine-light atom vectors. The bromine atoms were assigned the 
initial parameters 0-185, }, 0-026; 0-815, ?, 0-974. tee 

2. With signs based on the bromine atoms alone electron-density projections were 
calculated along the 6 and the a axis. 

The b-axis projection is itself centro-symmetrical. In its outline it was possible to 
recognise immediately that the bromine atom was substituted on to a (probably aromatic) 


Fic. 1. Part of the electron-density pro- 
jections (a) along [100], (b) along (010), 
calculated with the bromine phase con- 
stants. The positions of the first nine 
atoms selected for the hkl structure-factor 
calculations are shown. The first con- 
tour is at 2e/A*, the contour interval being 
approximately le/A®. The higher con- 
tours ave omitted over the bromine atom. 








six-membered ring fused to a second ring. Attached to the first ring was an atom, ortho 
to the bromine atom, which seemed likely to be the oxygen of a phenolic hydroxyl group. 
Little attempt was made to interpret the remaining peak pattern at this stage. The 
complete analysis shows that it includes peaks of over 3e/A? at every atomic position 
finally found but, in addition, six peaks of this magnitude or greater which are spurious. 

The a-axis projection shows the expected false symmetry, a centre of symmetry at the 
origin which introduces a mirror plane through the bromine-atom positions parallel with 
the b plane. In addition, the peaks are drawn out parallel to b. By comparison with the 
b-axis projection, x, y, and z parameters were assigned to the nine atoms of the molecule 
shown in (I) and Fig. 1a and 6, one of the two mirror-image distributions being arbitrarily 
selected in the a-axis projection. ' 

3. The contributions of the bromine atoms and the nine light atoms in (I) to the Ak/ 
structure factors were calculated, and the resulting phases used in the computation of the 
three-dimensional electron-density distribution, pl. The suspected oxygen atom at 
position 3 was weighted as oxygen, the remaining light atoms as carbon atoms. 

The inclusion of the nine light-atom contributions in the phase calculation only partly 
destroyed the false symmetry of the electron-density distribution in el. High peaks 
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occurred at each of the chosen atomic positions and there were no corresponding image 
peaks. For each of the other possible atomic positions, with the exception of those lying 
on or very near the false mirror planes, two mirror-image peaks occurred with co-ordinates 
x,y, 2,andx,4—¥,z. The peak-height relations are shown in Table 1, el. 

A spoke model was built of the maxima in el, and their stereochemical relations were 
examined. In general it was found that the higher of the two image peaks was more 
favourably placed stereochemically and the sites of twenty light atoms were selected. 
These are indicated in (II) and Table 1, e2. In fact, in only two of the remaining positions 
were the image peaks in oe] slightly higher than the real peaks selected later. 


TABLE 1. Peak heights in e/A in 01, 2, and 63. 


Atom no. pl 
C9 
C10 
Cll 
C 12 
C13 
C4 
C15 
C 16 
C17 
C18 
C19 

(2-8) C 20 

(2-3) C 21 

Numbers in italics indicate peak heights of atoms not placed in the preceding phasing calculations, 
the height of the image peaks being given in parentheses. 
* Peaks which fall so close to the false mirror plane that real and image peaks are unresolved. 
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Other than the maxima listed in Table 1 there were only three peaks in el of height 
2e/A3 or greater; all three were found to be spurious. There were two peaks of height 2-2 
and 2-3e/A falling almost on the z = } plane (see Fig. 7a), and a peak of height 3-6e/A® 
on the y=} plane. The last of these and a trough of approximately —6e/A® on the 
¥y = } plane are found to occur at Br—Br vector repeat positions.* 

4. A set of (AR) structure factors was calculated from the contributions of the bromine 
and the twenty light atoms chosen from pl. Here all light atoms were weighted as carbon 
except O 3, oxygen. With the resulting phase constants, a second electron-density 
distribution, p2, was calculated. The peak heights observed are listed in Table 1. None of 
the atoms included in the structure-factor calculations had image peaks. For the 
six atoms omitted, there were again two peaks, one of which was now about 1e/A3 higher 
than the other. In their interpretation it was clear that in each case the higher peak 
was the realatom. The skeleton structure (III) was defined. 

5. Direct evidence as to which were the oxygen atoms in the molecule was obtained 
from the (010) projection. A set of (407) structure factors was calculated in which all the 
light atoms were weighted as carbon atoms. The reliability index R was found to be 0-20 
(cf. Table 2). The electron-density projection shown in Fig. 2 was calculated, the result- 
ing signs and the observed F’s being used. Compared with the first calculation there were 
12 reversals of sign, the most important of which was for the term (102) which is relatively 
large, and a further 23 small terms could be included in the calculation. The spurious 

* This effect can be explained as follows. A Fourier series with phases given by the contributions 
of atoms at (x, y, z) and (#, 9, Z) only can be expected to have a spurious minimum at (37, 3y, 32). If 


hx + ky + lz = 0, then the (hA/) term used is Fo{hkl) oes? and the effect of this term at (3%, 3y, 32) 

F,(hkl) cos @ cos 30 __ | cos 8 | : 
is - mom). aii The phase of the term is most likely to be wrong when | cos @ | is small and, 
when this is so, cos @ cos 3@ is always <0. Similarly cos @ cos 58 is >0 when | cos @ | is small, but the 
range of @ values for which this is true is smaller (54—126° instead of 30—150°). It is interesting that 
the effect persists even when the phases used are based on nine out of twenty-six light atoms as well as 
the bromine atom. 
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Fic. 2. The electron density in 
bromomirestrol projected along 
[010]. The first contour is at 
2e/A®, the contour interval being 
le/A2 except over the bromine 
atom where the interval is 5e/A?. 











Fic. 3. The [F, (hol) — F, 
(hol)] synthesis. All light 
atoms weve weighted as car- 
bon atoms in the calculation 
of F, (hol). Zero and 
positive contours full line, 
negative contours broken 
line; contour interval 
0-5e/A? except in the region 
of the bromine atom where 
it is le/A®. 











Fic. 4. A vepresentation of the electron- 
density distribution, p3, over the region of 
one molecule viewed along [010]: The con- 
fours ave taken from the calculated section 
nearest to each atomic centre. The contour 
interval is 1e/A® with the first contour drawn @G 
at le/A®, 
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peaks, which had been present in the first projection, were all eliminated and there was a 
very marked improvement in resolution. An (F, — F,) synthesis was carried out on the 
basis of the same structure-factor calculation; this is shown in Fig. 3. The pattem 
indicates several appreciable shifts of atomic positions (maximum 0-14 A) and also gives 
clear indications of the anisotropic thermal vibration of the bromine atom. In addition, 
it shows regions of the order of 2e/A? at the positions of six of the atoms; these maxima 
were taken as indications that these were the oxygen atoms. 


TABLE 2. Reliability indices for the plane reflections. 


pe RLS ey eC Oe ee 0 1 2 3 4 
No. of observed reflections ................++ 275 299 274 199 103 
Bin ctidiaisdaseasinnunscerbidabecaaibnaiiedit 0-160 0-153 0-208 0-296 0-386 


6. A third set of hkl structure factors was calculated, based on the positions of 26 atoms, 
of which O 3, O 6, O 14, O 15, O 17, and O 18 were weighted as oxygen atoms. This was 


Fic. 5. A view of the molecule of 
bromomirestrol, drawn from the 
atomic positions in p3. 





Fic. 6. Bond lengths in bromomirestrol accord- 
ing to the parameters of Table 4. 





followed by the evaluation of the three-dimensional electron-density distribution, p3. In 
e3, all the atoms inserted in the calculation appear as high maxima, with the peak heights 
recorded in Table 1, rather higher, as expected, over the oxygen than over the carbon 
atoms. They are shown in Fig. 4 which is a composite drawing of the electron-density 
levels near the atomic centres, projected on to the 6 plane. There are no longer any image 
peaks in the electron-density distribution and there are no spurious peaks of any magnitude; 
apart from the volume occupied by the atomic maxima, the only region where the electron 
density rises over 24¢/A? in 63 is in the first diffraction ring surrounding the bromine atom. 
There are still smaller peaks, of the order of le/A? or less. While many of these are clearly 
spurious, some do occur at the positions to be expected for hydrogen atoms in the mircestrol 
molecule; 15 out of the 21 hydrogen atom sites are marked in a noticeable way by peaks 
or bulges in the electron-density distribution. 

At this point, the co-ordinates of the atomic positions, defined by the maxima of ¢3, 
were derived by Gaussian approximations to the 19 electron-density points nearest each 
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maximum. An examination of the interatomic distances defined by these positions 
showed that these were nearer expected values in the region of the first nine atoms placed 
than among those selected later. This seemed very reasonable since atomic positions in 
the first group introduced had been effectively submitted to two refining cycles, in the 
second group to one, and in the third group tonone. A preferred list of co-ordinates shown 


Fic. 7. The clectvon-density distribution in the section at x = 25/30a in pl (a), p2 (b), and p3 (c). The 
conte interval is le/A*, starting with the le/A® contour, except over the bromine atom where the contours 
ave at 5, 10, and 15e/A3. The false mirror planes at y = 4 and y = § are indicated by broken lines. 
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in Table 4 was accordingly drawn up; here the positions of the first nine atoms introduced 
are those found in e3 while the remaining positions are those of e3 modified by an m shift 
where ”, = n, = 1-3 and m, = 1-5 for atoms of the second group, n, = n, = 1-6, n, = 2-0 
for those of the third group. A view of the arrangement of the atoms in the molecule 
which follows from these positions is shown in Fig. 5; Fig. 6 records the bond lengths 
involved. The latter are, in general, in good agreement with accepted values but show 
individual deviations of up to 0-17 A which are indications only of the present state of 
approximation of the structure analysis. It is noticeable that all the larger bond-length 
deviations, four of >0-15 A, involve one atom near the original mirror plane away from 
which movement is likely to be slowed down by mirror image effects. 

The course of the analysis as a whole is illustrated by Fig. 7a, b, andc. In this Figure 
a section in the three-dimensional electron-density distribution at x = 25/30a is shown 
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for pl, 2, and e3. This section passes at or near the centres of ten atoms, and illustrates 
the way in which the image peaks vanish as the corresponding atoms are included in the 
phase-angle calculations. Thus in el, image peaks occur for all the atoms not included in 
the phasing calculations (C 7, O 14, O 15, C 16, and C 11) except C 13 which lies close to 
the false mirror plane. The peaks A and B are two small spurious peaks (see p. 3688). 
In p2, the only atoms omitted were O 15 and C 16, and two image peaks occur of which the 
real peak is the higher. In 3 there are no image peaks. 

Fig. 7 shows that in e3 the electron-density peaks are drawn out parallel with the 6 
axis. This is almost certainly a consequence of the disordered character of the crystals 
studied. The observed peaks represent the superposition of the atoms of two molecules 
which differ a little in their y parameters. The deviation between the mean structure 
postulated in the structure-factor calculations preceding e3 and the true structure is 


The X-Ray Crystallographic 





TABLE 3. Comparison of observed and calculated structure amplitudes. 


Plane Fo Fe Plane Fo Fe Plane Fo Fe Plane Fo Fe Plane Fo Fe Plane Fo Fe 
100 55 0 =0+64 2,0,.24 16 +11 3,022 15 +15 5,0,10 22 —26 801 12 —17 020 44 46 
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20,22 22 +17 3020 14 +14 508 8 -—7 804 9 —211 01,95 11 on ee oe 
20,28 10 +7 30,21 10 +8 5809 11 +8 807 (8 -9 01,296 2 4 04,20 7 5 
In the structure-factor calculation, tmmpemntese Reateneeeented scatt factors were used for carbon and oxygen based on the 
calculations of Berghuis, Haanappel, Potters, Loopstra, M , and Veenendaal (Acta Cryst., 1955, 8, 478). For bromine 


acgillavry, 
the scattering curve given in the International Tables, Vol. Ii i, 1938, was used, with a further correction of —1-55 electrons for 
anomalous dispersion in the K-shell. 
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reflected in the character of the agreement between the observed and calculated F’s 
(cf. Table 3). The overall reliability index for the 1150 observed spectra was 19-8%, 
but the values for the individual layers listed in Table 2 show that R increases markedly 
with &. At the same time the average intensity of the X-ray reflections falls with increas- 
ing k, as shown in the section of the structure-factor calculations given in Table 3. The 
individual y-parameters of the atoms can only be considered to be known with rather low 
accuracy at present. It is clearly unlikely that they can be known with any great pre- 
cision unless the ordered crystal is examined. 


DISCUSSION 


The positions of the atoms listed in Table 4 define the skeleton structure of mircestrol 
as consisting of four six-membered rings and one five-membered ring. As described above, 
these positions have not been further refined and the bond lengths and bond angles they 
indicate are subject to quite large limits of error, particularly when they have a major 
component in the y direction. However, as they stand, they appear to define the chemical 
structure of bromomirecestrol as represented by C,9H,,O,Br, with formula (III). 


TABLE 4. Atomic co-ordinates. 


Atom x y Zz Group Atom * y Zz Group 
Br 08147 = 0-7535 + 0-9725 1 C9 0-O112 00-8448 0-2265 1 
03 0-6312 0-1737 0-0035 1 C10 0-9051 0-9155 0-1659 1 
O 6 0-7961 0-2641 0-2322 1 Cll 0-2272 0-8700 0-2267 2 
O14 0-8712 0-6013 0-3595 2 C12 0-3135 0-8099 0-3005 2 
O15 0-8353 0-9525 0-4348 3 C13 0-1913 0-7220 0-3431 2 
O17 0-4663 0-0373 0-4612 3 Cl4 0-9945 0-7709 0-3525 2 
O18 0-4765 0-5987 0-4053 3 C15 0-9839 0-9406 0-4130 2 
Cl 0-8990 0-8127 0-1066 1 C 16 0-1502 0-0510 0-4376 3 
C2 0-8041 0-9045 0-0547 1 C17 0-3293 0-9556 0-4156 3 
C3 0-7160 0-0976 0-0603 1 C18 0-3084 0-7297 0-4092 2 
C4 0:7136 0-2193 0-1222 1 C19 0-3588 0-0521 0-3423 3 
C5 0-8082 0-1197 0-1738 1 C 20 0-3255 0-7546 0-1807 2 
C7 0-8470 0-1082 0-2876 2 C21 0-2549 0-0936 0-2056 2 
C8 0-9435 0-9231 0-2897 2 


In outline, the evidence for this structure is as follows. Ring A, to which the bromine 
is attached, is planar and evidently aromatic. The atom attached at position 3, identified 
as oxygen, must accordingly be formulated as belonging to a phenolic hydroxyl group, 
the presence of which is supported by chemical evidence. Ring B too is essentially planar, 
but atom 6 is identified as oxygen and the ring is therefore heterocyclic. Also, of the 
substituent atoms, C 14 lies closely in the plane of ring B, C 11 markedly out of it so that 
the angles 11, 9, 10 and 11, 9, 8 are nearly tetrahedral. These features lead to the 
deduction that a double bond should be placed between C 7 and C 8, leaving C 9 fully 
substituted. The atoms 20 and 21 attached at C 11 are both carbon, and the group has 
the form of a gem-dimethyl group. The identification is supported by the existence of 
small peaks near the expected sites of hydrogen atoms attached to C 20 and C 21 and 
arranged in the most probable staggered conformation. Ring c, from its shape and 
substituents, is fully reduced; ring D is also largely reduced; the planar configuration of 
atoms 14, 15, and 16 and of the oxygen atom attached at C 15 is consistent with the formul- 
ation of this atom as ketonic oxygen. The existence of the five-membered ring, ring E, 
was not suspected until late in the analysis. As atomic positions were selected from the 
electron-density peaks in this region in e2, it was realised that the peaks representing C 19 
and C 12 were 1-98 A apart, intermediate between a bonded (1-54 A) and a non-bonded 
distance (2-5 A or more). In the first case, the structure would be as represented, in the 
second, atom 19 would presumably be formulated as a methyl group attached to ring D, 
corresponding with the alternative possible mircestrol formula, CgH,,O,. To test these 
alternatives, the atoms were placed for the structure-factor calculation, set 3, 1-86 A apart 
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at positions slightly displaced from the peak maxima of p2. It was expected that, if 
there were a bond between C 19 and C 12, the peaks representing these atoms would move 
together and this proved to be the case. Their separation is 1-75 A in ¢3, and drops to 
1:70 A on applying the » shifts as in Table 4 co-ordinates; though this value is still a 
little high, there is no doubt that C 12 and C 19 are bonded. It is presumably the existence 
of ring E which forces a markedly boat-shaped conformation on ring pD and the slightly 


Fic. 8. The arrangement of the molecules in the crystal structure of bromomireestrol projected 
(a) on 010), (6) om (100). 




















(6) 


boat-shaped conformation on ring c. The substituent atoms at C 14, C 17, and C 18 are all 
identified as oxygen; from their geometry they belong to hydroxyl groups, three or more 
of which are indicated by the chemical evidence. 

The arrangement of the molecules in the crystal provides some confirmation for the 
character of the different active groups present. A series of short contacts, corresponding 
in length with hydrogen bonds, can be traced running between the 15-keto-group and the 
17-hydroxyl group (2-77), then OH 17-OH 18 (2-75 A) and OH 18-OH 14 (perhaps a little 
long) (3-04 A), as shown in Fig. 8. Small peaks occur in these bonds near the suspected 
positions of the hydroxyl-hydrogen atoms. At the opposite end of the molecules, how- 
ever, the distance apart of the phenolic hydroxyl groups of neighbouring molecules, 
required by the parameters of Table 4, places these groups 3-54 A apart, too far for any 
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hydrogen bond to be formed between them. Their distance from neighbouring bromine 
atoms is rather shorter (3-32 A) and could correspond with weak attraction. But one can 
see that the two hydroxyl groups might themselves be brought into hydrogen-bonded 
contact by a bodily translation of alternate molecules, }—}A parallel with b. This 
would modify the character of the contacts at the opposite ends of each molecule; the 
distance between OH 17 groups in molecules 2 and 4 of Fig. 8 would decrease and could 
become the shortest in the structure. It seems possible that it is this situation, that there 
are alternative ways of making hydrogen-bonded contacts between the molecules, that is 
responsible for the disorder in crystals of type I and the consequent elongated peaks of 63. 
Clearly the preferred hydrogen-bonded arrangement could be found by a detailed analysis 
of the ordered crystals of type II. 

Biogenetically, it seems possible to dissect the mircestrol nucleus into an isoprene unit 
consisting of CH, 20, CH, 21, C 11, C 12, and C 19 and a partly reduced isoflaven nucleus 
(VI). This dissection relates it, on the one hand, to the many plant products in which 
isoprene units are found linked in various ways to condensed ring systems (cf. Robinson 5) 
and, on the other, to isoflavones such as genistein ® (IV), and isoflavenes, such as 4-ethyl- 
7,4'-dimethoxy-2-methylisoflav-3-en’ (V), which have cestrogenic properties. Both 
in these compounds and in mircestrol (VI) the biological potency is clearly not significant 


OMe 


(V) 


(VIT) 





of any structural relation of the molecular skeleton present to the steroids. It seems to be 
a consequence of an accidental geometrical similarity in the positions of the hydroxyl 
groups, or potential hydroxyl groups, at the two ends of each molecule. In mireestrol, the 
actual distance given by the co-ordinates in Table 4 between the 3-OH and the 18-OH is 
10:57 A, closely the distance to be expected from models of the 3-OH to the 17-OH of 
cestradiol. The disposition of the second terminal hydroxyl group at C 17 of mircestrol 
(10-91 A from the 3-OH group) is rather more different in its relative position from the 
second, 16-OH group of cestriol; it is worth observing that mircestrol is the more potent 
cestrogen. 


The calculations necessary to establish the structure of mircestrol were carried out partly on 
punched-card machines supplied by British Tabulating Machines Ltd., and partly on Deuce at 
the National Physical Laboratory with the help of the staff of the Mathematics Division. The 
research was assisted by a grant from the National Research and Development Corporation. 
N. E. T. is indebted to the Commonwealth Scientific and Industrial Research Organisation for 
the award of an overseas studentship, and J. S. R. thanks the Pressed Steel Company for a 
research fellowship. 


CHEMICAL CRYSTALLOGRAPHY LABORATORY, 
OxFoRD UNIVERSITY. [Received, November 30th, 1959.] 


’ Robinson, “ Structural Relations of Natural Products,’’ Oxford Univ. Press, 1953, p. 42. 
* Bradbury and White, J., 1951, 3447; 1953, 871. 
7 Lawson, J., 1954, 4448. 
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739. Light-absorption and Chemical Properties of Mirestrol, the 
(Estrogenic Substance of Pueraria mirifica. 


By D. G. Bounps and G. S. Pope. 


Mircestrol, isolated from Pueraria mirifica by a new method, has been 
converted into a monobromo-derivative, indicated by its molecular formula 
and light absorption to be a simple substitution product of the parent com- 
pound. X-Ray crystallographic analysis of this derivative by other 
authors ? has given its complete structure (I), from which that of mircestrol 
(II) follows. The absorption spectra and some chemical properties of 
miroestrol are described in the light of this structure. 

Various other derivatives of mircestrol have been prepared, including 
products of methylation, acetylation, and reduction by potassium boro- 
hydride. With bromine in methanol mircestrol yields a dibromo-methoxy- 
derivative, and with mineral acid gives an isomeric compound (isomircestrol) ; 
the structures (V) and (VIII; R = H) respectively are proposed for these 
products. 


THE presence of cestrogenic material in the tuberous roots of a woody, climbing plant found 
in northern Thailand was first reported in 1939,? after attention had been drawn to the 
fact that these roots were used locally as a rejuvenating drug. Later, the isolation from 
this source of a highly cestrogenic, pure substance was described,? and a preliminary 
chemical investigation of the compound was carried out. The plant was at that time 
believed to be Butea superba, but has since been recognised as a new species and named 
Pueraria mirifica (Leguminoseae).5 A new method has been developed ® for the isolation 
in good yield, from the same source, of a potent cestrogen, believed to be identical with 
that previously described, and now named mircestrol. The cestrogenic activity of 
mircestrol in the mouse and the rat has been compared With that of cestradiol-178 and 
stilbcestrol,* and the activities of a number of the derivatives of mircestrol described here 
have also been determined. 

Our preliminary studies of the chemistry and light absorption of mircestrol indicated 
it to have a rather complex structure. Also, the amount available was small, and further 
plant material not readily obtainable, and so it seemed probable that it would be difficult 
to determine the structure by chemical means. An X-ray analysis was therefore carried 
out by Hodgkin, Rollett, and Taylor ! on a monobromo-derivative of mircestrol prepared 
in these laboratories: they determined the complete structure (I) of this derivative, and 
the structure of mircestrol (II) follows. 


et 


(II) (III) 





We propose to name mircestrol and related compounds systematically as derivatives 
of the hypothetical compound (III) (with the relative stereochemistry shown), termed 


1 Taylor, Hodgkin, and Rollett, J., 1960, 3685. 

Vatna, Thai Sci. Bull., 1939, No. 4, p. 3. 

Schoeller, Dohrn, and Hohlweg, Naturwiss., 1940, 28, 532. 
Butenandt, Naturwiss., 1940, 28, 533. 

Kashemsanta, Suvatabandhu, and Shaw, Kew Bull., 1952, 549. 
Pope, Grundy, Jones, and Tait, J. Endocrinol., 1958, 17, xv. 
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mircestran; configurations relative to the 12,19-bond (beta) are denoted by the suffixes 
a and 6. 

The properties of mircestrol [3,14,17,188-tetrahydroxymircestra-1,3,5(10),7-tetraen-15- 
one] are in good agreement with the known structure. Analyses and a molecular-weight 
determination indicate the molecular formula to be C,)H,.O,, corresponding to (II). 
Active-hydrogen determinations confirm the presence of at least three hydroxyl groups, 
and the result of a Kuhn—Roth analysis is compatible with the presence of a gem-dimethyl 
group. The phenolic nature of the compound is shown by its solubility in aqueous 
potassium carbonate but not in potassium hydrogen carbonate, and by its reaction with 
diazotised amines to give dyes. 

Treatment of mircestrol with methyl sulphate gave the alkali-insoluble 3-methyl ether 
in good yield. Diazomethane gave lower yields, owing to the ease of further reaction, 
affording mixtures which, unlike mircestrol and its 3-methyl ether, are soluble in non-polar 
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Infrared spectra of (a) mircestrol (11) and (b) bromomirestrol (I) in KBr discs. 
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solvents. One of these further products, a methyl ether of unknown constitution, has 
been isolated. 

As expected from the presence of two tertiary hydroxy] groups, only two of the hydroxyl 
groups of mircestrol are readily acetylated, acetic anhydride (2-5 mol.) and pyridine under 
mild conditions giving a mixture of a mono- and a di-acetate. Although the infrared 
absorption of the former was not determined, it is believed to be the 3-acetate because, 
like the 3-methyl ether, it is very sparingly soluble in methanol. The infrared absorption 
spectrum of the diacetate includes bands at 1768 (phenolic acetate) and 1742 cm.+ 
(alcoholic acetate), making it probable that it is the 3,186-derivative. 

The infrared absorption of mircestrol (non-hygroscopic form; see p. 3701) due to O-H 
(3533, 3450 cm.~!) is considerably stronger than that due to C-H (at 2950 cm.*), which is 
consistent with the presence of several hydroxyl groups. Carbonyl absorption occurs 
at 1706 cm.*, confirming the presence of an unconjugated keto-group in a six-membered 
ring. A moderately strong band occurs at 1661 cm.*, and this may be assigned to the 
-O-CH=C< group, for although unconjugated olefins generally absorb only weakly in 
this region, it has been reported’? that attachment of an oxygen atom (of an acetoxy- 
group) to one of the olefinic carbon atoms considerably increases the intensity of the 
absorption with little effect on its frequency (cf. the Raman spectrum of chrom-2-en, 


7 Rosenkrantz and Gut, Helv. Chim. Acta, 1953, 36, 1000. 
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which includes a strong band at 1669 cm. due to its ethylenic bond §). The remaining 
bands at frequencies above 1500 cm." are at 1623, 1597, and 1511 cm.“ and are evidently 
due to the benzene ring. 

The strong absorption shown by mircestrol at 217 my (see Table) appears to be made up 
of the superimposed absorptions of the phenol ring and the group —O-CH=C<, since 


Ultraviolet-light absorptions. 





Compound * A (mp) € A (mp) € 

PIE .. voenapcdlescictsedindsbiesicissonsccenssctensnes 217 21,650 285 4575 
SED COD. Vencivccdnctscepabesecasocesteseeseases 213 21,980 293 6895 
INU: Shckndintseyeinnsxdsurredstarntndierscodsinseesxones 232 13,640 273 4140 
Isomircestrol methyl hemiacetal —...........s.eseeeeeeees 232 14,770 275 3795 
Dibromo-methoxy-derivative ...............+++: sess 221 ft 11,000 288 6810 
Potassium borohydride reduction product 230 t 7970 282 3670 
Resorcinol monomethyl ether ..............scseeeeeeeeeeeee 222 6840 pr 2145 

8 1885 


* In 95% ethanol. ft Inflection. 


certain derivatives of mircestrol (the dibromo-methoxy-compound and potassium boro- 
hydride reduction product) which are phenols, but contain no -O-CH=C< group, absorb 
similarly to resorcinol monomethyl ether in this region. The conclusion that the 
-~O-CH=C< chromophore absorbs at about 217 my is in agreement with the absorption 
maxima values reported ® for several non-aromatic vinyl ethers; these have Amax. in the 
region of 205—210 my with e ca. 7000. The values reported ” for phenyl vinyl ether 
(in 96°% ethanol) are Amax. 225 (¢ 30,100) and 269 my (e 1150). 

Bromination of mircestrol was carried out in methanol, owing to the sparing solubility 
of the compound in non-hydroxylic solvents. The products were readily decomposed by 
dilute mineral acid and accordingly, on completion of a,reaction, the hydrobromic acid 
present was at once neutralised with sodium hydrogen carbonate. Mircestrol with one 
mol. of bromine reacted incompletely, giving two main products, C,,H,,O,Br and 
CygH,,0,Br,°OMe, both of which are phenolic. With 1-5 mol. of bromine reaction was 
virtually complete, the yields of the monobromo- and dibromo-methoxy-derivatives then 
being ca. 25% and 55% respectively. The former product is completely converted into 
the latter by the action of one mol. of bromine in methanol. As mentioned previously, 
X-ray analysis has shown the monobromo-derivative to have the constitution (I), and it 
is concluded from the absorption data that this compound differs structurally from 
mircestrol only in possessing a bromine atom in the aromatic ring. Their infrared spectra 
(see Figure) are similar even in the lower frequency region, and at higher frequencies the 
correspondence is close, the spectrum of the monobromo-compound including bands at 
3380, 2935 (shoulder at ca. 2850), 1712 (C=O), 1664 (-O-CH=Cz), and 1618, 1580, and 1499 
(benzene ring) cm.'. The ultraviolet spectra (Table) are also very similar; in particular, 
both show the characteristic, strong absorption near 215 mu. 

The molecular formula of the dibromo-methoxy-derivative indicates that one molecule 
of bromine and one of methanol are involved in its formation from the monobromo- 
derivative. Its infrared absorption spectrum differs from that of the monobromo- 
derivative in that no bands are present at 1712 or 1664 cm.-}, indicating loss of both the 
keto-group and the 7,8-double bond. The absence of this double bond is confirmed by 
the ultraviolet light absorption which at 213 my is much weaker than that of the mono- 
bromo-compound. The disappearance of the 7,8-double bond could be accounted for by 
the reaction: -O-CH=C< + Br, + MeOH —» -O-CH(OMe)-CBr< + HBr, but this 
leaves the loss of the keto-group unexplained, and it seems possible that both groups might 
be involved in the reaction in the manner shown in formula (IV). The bromonium ion 
(IV) would be expected to be the initial product since the olefinic bond is strongly hindered 

§ Maitte, Ann. Chim. (France), 1954, 9, 431. 


* Eglinton, Jones, and Whiting, J., 1952, 2873. 
10 Jacobs and Tuttle, J. Amer. Chem. Soc., 1949, 71, 1313. 
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on the front side of the molecule (particularly by the 11$-methyl group), but is much less 
so at the back. The hindrance at the front might then make it difficult for methanol to 
react with the ion (IV) in the normal way at C;,), but an indirect attack on this position 
through the keto-group as shown is indicated as possible by Stuart models; the dibromo- 
methoxy-derivative would consequently have structure (V). [A somewhat similar type 


Chemical Properties of Mireestrol, etc. 3699 


Br~ 





of mechanism (VI —» VII) has been advanced ™ to explain the conversion of picro- 
toxinin nto «- and $-bromopicrotoxinin by aqueous bromine.] When the derivative had 
been treated with boiling, dilute hydrogen chloride in aqueous dioxan for 5 hr., paper 
chromatography of the products showed it to have reacted completely to give mainly a 
compound (which was phenolic) more soluble in polar solvents than the starting-material. 
This product did not crystallise, but the infrared spectrum of the crude material (deter- 
mined in Nujol) included one (strong) band due to a carbonyl group, at1711cm.-1. The 
appearance of this may be due to the formation of a 7-hydroxy-15-oxo-compound, through 
hydrolysis of the methyl hemiacetal group in (V), followed by opening of the lactol ring 
so formed. The dibromo-methoxy-compound, unlike mircestrol, yields no coloured 
materials with alkali in the presence of oxygen, and is only slowly attacked by hot, con- 
centrated alkali in the absence of oxygen; it follows that neither bromine atom is readily 
displaced [in agreement with (V)], and also, that the saturation of the ethylenic bond and 
keto-group stabilises the molecule towards alkali. 

Mircestrol, when warmed with concentrated hydrochloric acid in air, yields dark products 
after a short time. However, when the compound is heated in nitrogen with dilute 
hydrogen chloride in aqueous dioxan (or in dry dioxan, and then treated with aqueous 
sodium hydrogen carbonate) little coloured materials result, and there is formed in good 
yield a phenol (soluble in aqueous sodium hydroxide but not in sodium hydrogen carbonate, 
and yielding a dye with a diazotised amine solution), which is isomeric with mircestrol. 
This compound (isomircestrol) is indicated by paper chromatography of the total products 











a oa" 
(VIII) 1 (IX) 
Reagents: 1, H,O-HCI; 2, MeOH-HCI. 
of the reaction to be formed irreversibly from mircestrol. The infrared absorption spectrum 


of isomircestrol at higher frequencies differs from that of mircestrol in including a band 
at 1678 cm.*! but not at 1706 or 1661 cm.!. The absence of absorption at ca. 1660 cm.*, 


™ Conroy, J. Amer. Chem. Soc., 1957, 79, 1726. 
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and the fact that the light absorption of isomircestrol is much weaker than that of mircestrol 
at 217 my, show that the group -O-CH=C< is not present in isomircestrol. Further, that 
the latter compound does not absorb at ca. 1706 cm.+ whilst it does so at 1678 cm.11, 
indicates that isomircestrol contains no unconjugated keto-group, but does contain an 
af-unsaturated keto-group. The presence of the latter is confirmed by the strong 
absorption of isomircestrol at 232 my. These differences in absorption can be accounted 
for if mircestrol with hot, dilute acid undergoes allylic re-arrangement; isomircestrol 
would then have structure (VIII; R =H). This conclusion is supported by the fact that 
isomircestrol is the only phenol which has been detected by paper chromatography in the 
total products of the reaction. [A similar acid-catalysed re-arrangement is that of 
Me,C=CH-CMe(OH)*COMe to Me,C(OH)*CH=CMe-COMe;™ here, as expected, the 
equilibrium is strongly in favour of the conjugated ketone.] Mircestrol 3-methyl ether, 
when heated in dilute hydrochloric acid, appeared to re-arrange in the same way as mircestrol, 
giving an alkali-insoluble monomethyl ether with infrared absorption very similar to that 
of isomircestrol and therefore probably of structure (VIII; R = Me). The value calculated 
(259 my) by using Woodward’s rules 8 for structure (VIII; R = H), differs considerably 
from the maximum observed (232 my) for isomircestrol; it is probable, however, that 232 
my is not the true absorption maximum of this chromophore, owing to masking by the 
benzenoid absorption of isomircestrol. 

As a cyclic hemiacetal (VIII; R=), isomircestrol should be methylated by 
methanolic hydrogen chloride; this reagent does give an alkali-soluble methyl ether, with 
light absorption very similar to that of isomircestrol, and is reconvertible into the latter 
under acetal-hydrolysing conditions. This ether is therefore probably the methyl hemi- 
acetal (IX; R=H). This compound is also formed by treatment of mircestrol with 
methanolic hydrogen chloride in the cold, an anionotropic change occurring similar to that 
by which isomircestrol is formed. 

Zeisel analyses of mircestrol 3-methy] ether, isomircestrol methyl ether (VIII; R = Me), 
isomircestrol methyl hemiacetal, and the dibromo-methoxy-derivative gave unexpectedly 
high methoxyl values; this was accounted for when it was found that Zeisel analyses of 
mircestrol and isomircestrol also give positive values, although those compounds contain 
no alkoxy-groups. A number of non-alkoxy-, open-chain polyhydric alcohols have been 
reported !* to give similar anomalous results. 

Mircestrol, mircestrol 3-methyl ether, isomircestrol, and isomircestrol methyl hemi- 
acetal with cold concentrated sodium hydroxide solution in air give dark solutions after 
2—3 hr.; accordingly, reactions of these compounds in alkaline media have been carried 
out in nitrogen. Mircestrol with sodium hydroxide in nitrogen gives little coloured 
material unless the solution is heated; decomposition then occurs rather readily, paper 
chromatography indicating the main product to be a phenol less soluble than mircestrol in 
hydroxylic solvents. 

Mircestrol and certain of its derivatives (see p. 3701), with a cold weakly acid, sodium 
periodate solution quickly give strong, yellow-green colours, whilst some other derivatives 
give similar colours on warming; the products generally fluoresce in ultraviolet light, and 
this has been of considerable value for the detection of these compounds on paper 
chromatograms. 

Treatment of mircestrol with an excess of potassium borohydride gave, instead of the 
expected dihydro-derivative, a phenol which appears to have the formula C,,H,,O0;. Its 
light absorption differs from that of mircestrol in being much weaker at 217 my and in 
including no maxima at ca. 1706 and 1661 cm.; the reaction therefore appears to involve 
loss of the 7,8-double bond as well as reduction of the carbonyl group of mircestrol. 


12 Braude and Timmons, /., 1953, 3131. 

18 Woodward, J. Amer. Chem. Soc., 1941, 68, 1123; 1942, 64, 76. 

4 von Rudloff, Analyt. Chim. Acta, 1957, 16, me: cf. Araki and Hasi, J. Chem. Soc. Japan, 1940, 
61, 99. 
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Fehling’s solution, and also hot, alkaline solutions of triphenyltetrazolium bromide, 
aré reduced by mircestrol, mircestrol 3-methy] ether, isomircestrol, and isomircestrol methyl 
hemiacetal. The non-ketonic dibromo-methoxy-derivative and potassium borohydride 
reduction product of mircestrol, however, do not reduce the latter reagent. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block; because of the tendency to decomposition below 
the m. p.s, the temperature was raised as rapidly as possible to near the m. p. Infrared 
absorption spectra were measured for specimens pressed into potassium bromide discs. 
Kieselguhr used in chromatographic columns was “ Celite 545.” Hygroscopic compounds 
were desiccated in a “ Quickfit”’ test-tube in an Abderhalden drying-pistol containing no 
chemical desiccant. 

3,14,17,188-Tetrahydroxymirestra-1,3,5(10) ,7-tetraen-15-one (Mirestrol) (I11).—The compound, 
isolated from Pueraria mirifica,® crystallised from dry methanol as anhydrous, non-hygroscopic, 
rectangular plates, m. p. 268—270° (decomp.) both on a Kofler block and in a sealed capillary 
(Butenandt * reported m. p. ca. 260°), [aJ,!7 +301° (c 1-08 in EtOH) (Found: C, 66-9, 67-15; 
H, 6:3, 6-4; C-Me, 3-0; active H, 0-75, 0-7. Calc. for C.gH,,O,: C, 67-0; H, 6-2; 1C-Me,.7-6; 
4H, 1:1%). Zeisel analysis gave an apparent 3-3% of methoxyl. Crystallisation of mircestrol 
from aqueous methanol gave mixtures (m. p. ca. 265°, decomp. >ca. 250°) of the anhydrous 
and a hydrated form (stout needles) in varying proportions. The hydrate is derived from a 
hygroscopic form since after desiccation at 60°/0-5 mm., the mixtures regained their original 
amounts of water within ca. 1 hr., after which no further change occurred. X-Ray photographs 
of one such mixture, taken by Dr. M. S. Webster at the Chemical Crystallography Laboratory, 
Oxford, showed two crystalline modifications to be present, both probably orthorhombic. 
The approximate unit cell dimensipns gfe (i) @ 7-3, b 6-0, c 38-5 A, and (ii) a 11-85, b 5-92, 
c 25-3 A. The two modifications were not distinguished in the density measurements which 
gave p = 1-394, and calculations based on this value gave M = 354 and 373 for (i) and (ii) 
respectively. Cg9H,.O, and C,,H,,O,,H,O require M, 358-4 and 376-4 respectively. The 
anhydrous form showed bands at 1464, 1397, 1389, 1364, 1337, 1285 (shoulder at ~1304), 
1178 (shoulder at ~1190), 1160, 1132, 1090 (shoulder at ~1101), 1075, 1064, 1045, 1030, 1015, 
995, 971, 955, 918, 906, 890, 871, 861 (shoulder at ~847), 828, 813, 780, 758, 735, 725, and 
686 cm."!, in addition to those already discussed (see Figure). 

Mireestrol is readily soluble in methanol and in dioxan, sparingly soluble in ethyl acetate 
and in ether, and almost insoluble in benzene and in chloroform; the solubility in water is 
90 mg./l. at 28°. It gives no colour with ferric chloride solution. The compound is stable 
under neutral conditions, solutions in methanol having undergone little change when kept for 
long periods in a refrigerator. 

Paper Chromatography.—Compounds were run at 28°, by the descending method, on Whatman 
No. 2 filter paper. The following solvent systems, of the type described by Bush,!® were used: 
toluene-ethyl acetate—methanol—water (9: 1: 5:5 v/v) (Csystem); and toluene-ethyl acetate— 
methanol—water (1: 1:1:1 v/v) (G2 system). When sprayed with 2% sodium periodate 
solution adjusted to pH 4, chromatograms of miroestrol (Rp 0-5, G2 system), mircestrol 
3-acetate, 2-bromomireestrol, isomircestrol (at 50°), and isomircestrol methyl hemiacetal (at 50°) 
gave yellow-green spots, fluorescent in ultraviolet light; mircestrol 3,188(?)-diacetate gave a 
similar spot after preliminary treatment of the chromatogram with 5% aqueous potassium 
carbonate at 20°. Alternatively, spraying was carried out with 5% aqueous potassium 
carbonate followed, after drying, with a solution of diazotised p-aminophenyl 2-diethylamino- 
ethyl sulphone; chromatograms of the above compounds, and of the dibromo-methoxy-deriv- 
ative and potassium borohydride reduction product, then gave pink or reddish-brown spots. 
By means of the above reagents, each of these compounds could be detected in amounts of 
ca. 5 wg. 

14,17, 188-Trihydroxy-3-methoxymirestra-1,3,5,7-tetraen-15-one (Mirestrol 3-Methyl Ether) .— 
(a) A solution of mircestrol (40-6 mg.) and dimethyl sulphate (0-021 ml.) in acetone (15 ml.) 
containing potassium carbonate (540 mg.) was refluxed in nitrogen. After 4 hr. dimethyl 
sulphate (0-016 ml.) was added, and refluxing was continued for a further 3 hr. The mixture 
was evaporated to dryness im vacuo at 30°, water (8 ml.) was added, and after 3 hr. in nitrogen 


%* Bush, Biochem. J., 1952, 50, 370. 
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the mixture was filtered, giving crystals (35-6 mg.), m. p. 205—-263°. Crystallisation from dioxan 
gave the methyl ether (29-8 mg., 71%) as prisms, m. p. 271° (slight decomp.) (Found: C, 67-4; 
H, 6-7; OMe, 10-9. C,9H,,0,-OMe requires C, 67-75; H, 6-5; OMe, 8-3%), much less soluble 
in methanol than is mircestrol. 

(b) A solution of mircestrol (23-4 mg.) in methanol (6 ml.) was treated with diazomethane in 
ether, until a portion of the mixture gave only a faint colour with a solution of diazotised 
p-aminophenyl 2-diethylaminoethyl sulphone. Evaporation gave a solid which was dissolved 
in ethyl acetate, washed with N-aqueous sodium hydroxide, followed by water, dried (Na,SO,), 
and recovered. Fractional crystallisation of the residue (21 mg.) gave mircestrol 3-methy] 
ether (1 mg.) as plates (from ethyl acetate), m. p. 269—271°. 

Reaction of Mirestrol with Excess of Diazomethane.—Mireestrol (30 mg.) in ethanol (2-5 ml.) 
was treated with diazomethane (ca. 20 mol.) in ether, and after 30 min. the solution was filtered 
and evaporated. The residue was dissolved in ethyl acetate, washed with N-sodium hydroxide, 
followed by water, dried (Na,SO,), and recovered as a solid (30-5 mg.). Crystallisation from 
toluene (6 ml.) furnished a solid methyl ether (4-7 mg.), m. p. 179—202°, which crystallised from 
propan-l-ol as needles (2-9 mg.), m. p. 203—206°. Another recrystallisation from propan-1-ol 
brought the m. p. to 204—205°. The infrared absorption spectrum includes bands at 3521, 
2941 (shoulders at ~2865 and ~2833), 1715 (C=O), 1666 (-O-CH=CZ), 1623, 1585, and 1506 
cm." (last three bands due to the benzene ring). The toluene filtrate gave only mixtures. 

Acetylation of Mirestrol_—A solution of mircestrol (20 mg.) in pyridine (0-15 ml.) and 
benzene (0-12 ml.) containing acetic anhydride (0-014 ml., 2-6 mol.) was kept at 20° for 21 hr. 
in nitrogen, then evaporated at 20° with a stream of nitrogen, and the residue was dried 
in vacuo. Paper chromatography of the residue in system C disclosed two products. Crystal- 
lisation from methanol gave needles (5-5 mg.), m. p. 235—-242°, which crystallised from ethanol- 
ethyl acetate giving 3-acetoxy-14,17,188-trihydroxymirestra-1,3,5,7-tetraen-15-one (mireestrol 
3-acetate) as plates, m. p. 235—242° (slight decomp (Found: C, 66-2; H, 5-8. C,,.H,,0, 
requires C, 66-0; H, 6-0%). The residual materials were fractionally crystallised in an attempt 
to isolate the mircestrol diacetate, but the latter decomposed. In another experiment, 
mircestrol (14-7 mg.) was treated with acetic anhydride (2-6 mol.) as described above, and the 
solution was evaporated with a stream of nitrogen. The residue was dissolved in ethyl acetate, 
washed with 0-2n-hydrochloric acid, water, 0-2N-sodium hydrogen carbonate, and water, dried 
(Na,SO,), and recovered in vacuo at 40°. Crystallisation of the residue (16-6 mg.) from 
methanol (0-5 ml.) gave impure mircestrol 3-acetate (2 mg.). The filtrate was evaporated and 
the residue warmed with the mobile phase (4 ml.) of solvent system C; filtration gave impure 
mirocestrol (2-7 mg.). The filtrate was poured on to a partition chromatographic column 
(30 x 1-1cm.) prepared from kieselguhr and solvent system C. The column was eluted with the 
mobile phase and the eluate collected in 3 ml. fractions; evaporation of the 8th and 9th fractions 
gave a sticky solid (9-9 mg.) which was extracted with 50% aqueous methanol (1 ml.). The 
extract was evaporated and the residue crystallised from toluene-light petroleum (b. p. 40—60°), 
giving mirestrol 3,188(?)-diacetate (5-7 mg.) as rods, m. p. 184—190° (slight decomp.), unchanged 
by further recrystallisation from the same solvent (Found: C, 64-65; H, 5-9. C,.,H,,O, requires 
C, 65-15; H, 5-9%). 

Bromination of Mirestrol_—To a solution of mircestrol (108-4 mg.) in methanol (8 ml), 
cooled in ice, was added dropwise, with shaking, in 4 min. a standardised solution of bromine 
in carbon tetrachloride (1-45 mol. in 3-8 ml.). The solution was poured into 0-5% aqueous 
sodium hydrogen carbonate (150 ml.), and the mixture was extracted with ethyl acetate (total, 
180 ml.). The extracts were washed with 1% aqueous sodium hydrogen carbonate to remove 
coloured products, then with water, dried (Na,SO,), and evaporated in vacuo at 40°. The 
residual solid (145-8 mg.) was subjected to partition chromatography on kieselguhr (204 g.; 
104 x 2-3 cm.) with the solvent system toluene—ethyl acetate-methanol—water (8 : 2: 5: 5 v/v). 
The solid, dissolved in a mixture of mobile phase (4 ml.) and stationary phase (17 ml.), was 
added to the column, which was eluted with mobile phase; after 150 ml. of eluate had flowed, 
it was collected in 15 ml. fractions, each fraction being evaporated to dryness and the residue 
chromatographed on paper in system G2. The residues from fractions 34—39 (30 mg.), 
consisting mainly of a product of Rp 0-7, were washed with toluene (2 + 1 ml.), and the 
remaining solid (24 mg.) was crystallised from methanol, giving 2-bromo-3,14,17,186-tetra- 
hydroxymirestra-1,3,5,7-tetraen-15-one (2-bromomirestrol) (I) (13-6 mg.) as needles, which 
slowly blackened in air above ca. 237° (Found: C, 55-1; H, 5-1; Br, 17-7. Cy ti,,O,Br requires 
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C, 549; H, 48; Br, 18-25%). The combined residues from fractions 12—22 (89-4 mg.), 
consisting mainly of a product of Ry 0-85, were washed with toluene (3 + 2 ml.) and recrystal- 
lised from methanol, which gave almost colourless prisms (61-4 mg.). A second recrystallisation 
from methanol gave a dibromo-methoxy-derivative (44-1 mg.) as prisms, which slowly blackened 
in air above ca. 190°; this material was indicated by paper chromatography to be homogeneous 
(Found: C, 45-9; H, 4:2; Br, 28-6, 29-05; OMe, 8-5. CygH,,O,Br,-OMe requires C, 46-0; 
H, 4:4; Br, 29-2; OMe, 5-7%). The infrared absorption spectrum includes bands at 3436, 
2898, 1618, 1589, and 1488 cm. (last three bands due to a benzene ring). 

Conversion of 2-Bromomirestrol (I) into the Dibromo-methoxy-derivative-—To a solution of 
9-bromomireestrol (1-7 mg.) in methanol (0-8 ml.) at 0° was added bromine (1 mol.) in carbon 
tetrachloride (0-7 ml.), and the products were worked up similarly to the products of bromination 
of mircestrol. The isolated solid (2-5 mg.) was chromatographed on paper in solvents G2; 
spraying the chromatogram with diazotised p-aminophenyl 2-diethylaminoethyl sulphone 
gave a single spot, identical with that given by the pure dibromo-methoxy-derivative, which 
was run similarly.. The relative size of the spots indicated virtually all the solid to consist of 
the dibromo-methoxy-derivative. 

Stability of the Dibromo-methoxy-derivative towards Alkali.—A solution of the dibromo- 
methoxy-derivative (2-4 mg.) in 10% ethanolic potassium hydroxide was refluxed in nitrogen 
for 25 min. The orange solution was cooled and neutralised with dilute nitric acid, and the 
ethanol was evaporated im vacuo. Filtration then gave needles (1:8 mg.), which slowly 
blackened above ca. 180°. Paper partition chromatography of this material in the usual way, 
in the G2 system, indicated it to consist largely of the dibromo-methoxy-derivative. 

Isomirestrol.—(a) Hydrochloric acid (d 1-18; 0-36 ml.) was added to a solution of mircestrol 
(39-9 mg.) in dioxan (4-5 ml.) and water (4-5 ml.), and the mixture was kept at 65° in nitrogen 
for 1-5 hr. The colourless solution was cooled and neutralised with solid potassium hydrogen 
carbonate, and most of the dioxan was distilled off in vacuo at 20°. The resulting suspension 
was diluted with 1% aqueous sodium hydrogen carbonate and extracted with ethyl acetate; 
the extracts were washed with water, dried (Na,SO,), and evaporated in vacuo at 40°. The 
residue (30-4 mg.), m. p. 215—-220°, on two recrystallisations from ethanol-ethyl acetate, gave 
isomirestrol (20 mg.) as slender rods, m. p. 220—222° (slight decomp.). Analyses of specimens 
crystallised from the latter solvent, and also from methanol, gave inconsistent results because, 
as shown by desiccation experiments, these specimens contained varying amounts of a hydrate 
derived from a very hygroscopic form of isomircestrol. Crystallisation from 20% aqueous 
ethanol appeared to give mainly a monohydrate, as needles, m. p. 220—223° (slight decomp.) 
(Found: C, 64-4; H, 6-2. C,,.H,.O,,H,O requires C, 63-8; H, 6-4%). Zeisel analysis gave an 
apparent 6-65% of methoxyl. A specimen, shielded from light, was dried at 100°/2 mm. to 
constant weight (30 min.); the desiccated material took up water on admission of air, the 
original weight being regained within 2 hr., after which no further change took place. A 
repetition of this experiment on the same specimen gave the same result (Found: loss of wt., 
44. Calc. for C.>H,.O,,H,O: H,O, 4:8%). The infrared absorption spectrum of a partially 
hydrated specimen included bands at 3534, 3401, 2959 (shoulders at ~2865 and ~2825), 1678, 
1623 (shoulder at ~1597), and 1505 cm.~! (last 3 bands due to a benzene ring). 

(6) To a solution of miroestrol (5-4 mg.) in dry dioxan (1-5 ml.) was added a 7-5% w/v solution 
of hydrogen chloride in dry dioxan (0-75 ml.). After 5 hr. the mixture was poured into 1% 
aqueous sodium hydrogen carbonate (30 ml.) and, after 30 min., the products were extracted 
with ethyl acetate. This gave a solid (5-1 mg.) shown by paper chromatography in the G2 
system to consist almost entirely of isomircestrol, with no mircestrol. Crystallisation from 
ethanol-toluene gave isomircestrol (1-2 mg.), m. p. 217—222°, undepressed on admixture with 
a specimen prepared as in (a). 

(c) To a solution of isomircestrol methyl hemiacetal (see below) (3-4 mg.) in dioxan (1 ml.) 
and water (3 ml.) hydrochloric acid (d 1-18; 0-1 ml.) was added, and the mixture was kept at 65° 
in nitrogen for 1-5 hr., then poured into 1% aqueous sodium hydrogen carbonate; the products 
were extracted into ethyl acetate, washed with water, dried (Na,SO,), and recovered as a solid 
(3-4 mg.), m. p. 205—215°. Crystallisation of the solid from ethyl methyl ketone gave iso- 
mircestrol, m. p. 223°, undepressed by admixture with a specimen prepared as in (a). 

Isomerisation of Mirestrol 3-Methyl Ether—To a solution of this ether (29-8 mg.) in dioxan 
(9 ml.) and water (1-5 ml.) hydrochloric acid (d 1-18; 0-5 ml.) was added, and the mixture was 
kept at 75° in nitrogen for 2} hr., cooled, diluted with water (4 ml.), neutralised with solid 
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potassium hydrogen carbonate, and evaporated in vacuo at 40° to 3 ml. Filtration gave a 
solid (28-8 mg.), m. p. 232—237°, which was recrystallised from 2-methoxyetl nol, giving an 
isomirestrol monomethyl ether (22-2 mg.) as plates, m. p. 232—234° (slight decomp.), sparingly 
soluble in methanol and insoluble in N-aqueous sodium hydroxide (Found: C, 67-5; H, 6-6, 
C,,H,,0,4 requires C, 67-7; H, 65%), Vmax, 3448, 3220, 2955 (shoulder at ~2915), 1674, 1616, 
1581, and 1504 cm.". 

Isomirestrol Methyl Hemiacetal_—(a) To a solution of mircestrol (34-8 mg.) in methanol 
(10 ml.) was added hydrochloric acid (d 1-18; 0-2 ml.), and the mixture was kept in nitrogen for 
4hr. The solution was poured into 0-5% aqueous sodium hydrogen carbonate, and the products 
were isolated in ethyl acetate. This gave a solid (38-3 mg.), m. p. 175—182°, which crystallised 
from ethyl acetate giving isomirastrol methyl hemiacetal (29-8 mg.) as rods, m. p. 178—181° 
(slight decomp.). This material (shielded from light, since it was light-sensitive at elevated 
temperatures) was dried at 110°/0-5 mm. to constant weight (1-5 hr.) (Found: loss of wt., 
2-95. C,,H,,O,,H,O requires H,O, 46%). On exposure to air, a regain of weight of 2-2% 
occurred during 5 days, after which the weight continued to increase, very slowly. The 
specimen therefore appeared to consist partly of a hydrate derived from a weakly hygroscopic 
form of isomircestrol methyl hemiacetal. This specimen was accordingly desiccated as before, 
and analysed shortly afterwards (Found: C, 67-1; H, 6-85; OMe, 11-7. Cy 9H,,0O,;-OMe 
requires C, 67-75; H, 6-5; OMe, 8-35%). An attempt to prepare a definite hydrate by crystal- 
lisation of the acetal from 10% aqueous methanol was unsuccessful, since the compound again 
appeared to crystallise only partly as a hydrate. The infrared absorption spectrum of a 
partially hydrated specimen included bands at 3448, 2947 (shoulder at ~2837), 1678, 1623 
(shoulder at ~1597) and 1505 cm.*. The compound is soluble in dilute aqueous sodium 
hydroxide. 

(6) To a solution of isomircestrol (10 mg.) in methanol (3 ml.) was added hydrochloric acid 
(dZ 1-18; 0-06 ml.). After 8 hr., the solution was poured into 0-5% aqueous sodium hydrogen 
carbonate (70 ml.), and the products were isolated by extraction with ethyl acetate. This gave 
a solid (7 mg.), m. p. 144—148°, which crystallised from ethyl acetate, giving the hemiacetal 
(3 mg.), m. p. 176—179°, undepressed on admixture with-a specimen prepared as in (a). 

Stability of Mirestrol towards Alkali in Nitrogen.—(a) A solution of mircestrol (1-5 mg.) in 
aqueous-ethanolic potassium hydroxide (25% KOH w/v; 1 ml.) was kept at 20° for 15 min., and 
then at 55° for 2 min., in nitrogen. The green solution was cooled in nitrogen, neutralised, 
and extracted with ethyl acetate. The extract gave a solid (1-7 mg.) which chromatography 
on paper with the G2 system showed to be largely unchanged mircestrol and to contain no other 
phenol. 

(6) Mircestrol (4-1 mg.) was treated with alkali and the products were worked up as in (a), 
except that the alkaline solution was kept at 70° for 20 min. The isolated solid (4-1 mg.) was 
chromatographed on paper in the G2 system, which showed it to consist mainly of a phenol 
giving a red-brown spot, Ry, 0-9, on treatment with a diazotised solution of p-aminophenyl 
2-diethylaminoethyl sulphone; no unchanged mircestrol was detected. An attempt to isolate 
the phenol, Ry 0-9, by crystallisation was unsuccessful. 

Reduction of Mirestrol by Potassium Borohydride.—To a solution of mircestrol (23-4 mg.) in 
methanol was added potassium borohydride (183 mg.) in methanol (7 ml.), and the mixture was 
kept in nitrogen. After 70 min., potassium borohydride (138 mg.) was added, and the mixture 
was kept, with occasional shaking, in nitrogen for a further 50min. (A large excess of reducing 
agent was used, to ensure completion of the reaction.) Methanol was then added to dissolve 
the residual solid; to the solution was added acetone (3 ml.) and water (4 ml.), and the mix- 
ture was left at 0° overnight. The organic solvents were evaporated in vacuo at 20°, and the 
residual solution was neutralised at 0° with 2n-hydrochloric acid. The precipitated solid 
(21-9 mg.) was filtered off, and chromatographed in the G2 system; this indicated only one 
phenolic product, Rp 0-7, to be present, and no unchanged mircestrol was detected. To re 
move a little inorganic material, the solid was shaken with ethyl acetate, and the mixture 
filtered, washed with water, dried (Na,SO,), and evaporated to dryness. The solid residue 
(15-2 mg.) was recrystallised twice from ethyl acetate, which gave a reduction product (8 mg.) as 
prisms, m. p. 248—252° (slight decomp.), unchanged by further recrystallisation from the same 
solvent (Found: C, 69-1; H, 6-4. C,.H,,O, requires ‘C, 69-35; H, 6-4%), Vmax. at 3522, 3356, 
2950, 1622, 1595, and 1504 cm.“ (last 3 bands due to a benzene ring). 

Reducing Properties of Mirestrol and Derivatives.—Fehling’s test was carried out, in nitrogen, 
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using Fehling’s procedure as adapted by Nelson and Somogyi ** for the colorimetric estimation 
of glucose. Tests with hot, alkaline solutions of triphenyltetrazolium bromide were carried out, 
also in nitrogen, by Feigl’s 1” method. In addition to the results described in the discussion, it 
was found that the methyl ether, m. p. 203—206°, formed by reaction of mircestrol with excess 
of diazomethane, does not reduce Fehling’s solution. 


We thank Dr. J. D. S. Goulden of the Physics Department of this Institute for the infrared 
absorption measurements, Dr. F. B. Strauss, Oxford, for some of the ultraviolet absorption 
data, and Sir Robert Robinson, O.M., F.R.S. and Dr. S. J. Folley, F.R.S., for their interest and 
advice. This investigation has been supported in part by a grant from the National Research 
Development Corporation. 
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16 Nelson, J. Biol. Chem., 1944, 158, 375; Somogyi, ibid., 1945, 160, 62. 
1” Feigl, “‘ Spot Tests in Organic Analysis,”” Elsevier, Amsterdam, 5th edn., p. 374. 





740. The Reaction of Copper with Suspensions of Nitrosyl 
Perchlorate. 


By B. J. HatHaway and A. E. UNDERHILL. 


Nitrosyl perchlorate reacts with copper, when suspended in certain organic 
solvents, according to the equation: Cu + 2NO*CIO,- = Cu(ClO,), + 2NO. 
If the reaction is carried out at atmospheric pressure, the solution of copper 
perchlorate is contaminated with copper nitate, but under reduced pressure 
a solution of the pure perchlorate is obtained. Some physical properties 
(molecular weight, electrical conductivity, visible and ultraviolet spectra) of 
the solutions of copper perchlorate have been examined and the nature of the 
solid phases which have been separated from the concentrated solutions is 
discussed. 


THE existence of the nitrosyl ion NO* has been clearly established in a number of 
crystalline compounds, such as nitrosyl perchlorate and tetrafluoroborate, and its general 
properties have been determined from these compounds.):?_ Little is known, however, of 
the reactions of the nitrosyl ion in which it acts as an oxidising agent and is itself reduced 
to nitric oxide: 
kT. 3 eee 

Seel has shown that this occurs when sodium metal reacts with nitrosyl hexachloro- 
antimonate(v) in liquid sulphur dioxide: 


Na + NO*SbCI-, —— NaSbCil,+NO .. . : @ 
Addison, Sheldon, and Hodge * have shown that dinitrogen tetroxide behaves as hae 
nitrate in organic donor solvents and will react with copper, zinc, and uranium with 
evolution of nitric oxide and formation of the metal nitrate: 
N,O, + n(Don) ——® (Don)sNOt-+NO,- . . . 2... es 
Cu + 2(Don),NO+t ——t Cu*+-+ n(Don)+2NO...... =. (4) 
In general, a nitrosyl compound should react with a metal according to the scheme: 
&nNOtx- + M —e M(X), + 2NO 


? Angus and Leckie, Trans. Faraday Soc., 1935, $1, 958. 
® Klinkenberg, Rec. Trav. chim., — 56, 749. 
5 Seel, Z. anorg. Chem., 1950, 261, 7 

. Addison, Sheldon, and Hodge, J. 19856, 3900. 
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with formation of a solution of the metal salt, provided a suitable solvent for the reaction 
can be found. If nitrosyl perchlorate is used then a solution of the anhydrous metal 
perchlorate should be obtained. In view of the unusual properties of anhydrous copper 
perchlorate ® the reaction has been studied by using copper metal. 


RESULTS AND DISCUSSION 


Solubility of Nitrosyl Perchlorate—A wide range of anhydrous organic liquids were 
examined but none was found capable of dissolving nitrosyl perchlorate. A number of 
organic solvents reacted directly with it, e.g., acetone, diethyl ether, and pyridine; and 
suspensions of nitrosyl perchlorate in many other solvents were quite stable, ¢.g., ethyl 
acetate, methyl cyanide, nitromethane, benzene, n-hexane, and carbon tetrachloride. 
Nitrosyl perchlorate is also insoluble and inert in a number of inorganic liquids, e.g., 
phosphorus oxychloride, anhydrous perchloric acid, and dinitrogen tetroxide. 

Reaction of Copper with Suspensions of Nitrosyl Perchlorate.—In spite of this insolubility, 
nitrosyl perchlorate suspended in ethyl acetate, methyl cyanide, or nitromethane reacted 
with copper, as shown by evolution of nitric oxide from the surface of the metal and 
development of a green colour throughout the bulk of the liquid. If the suspension of 
nitrosyl perchlorate was allowed to settle the reaction only occurred at the copper-nitro- 
syl perchlorate—organic solvent interface and not at the surface which was only immersed 
in the liquid. This reaction only at the interface suggests that at this interface nitrosyl 
perchlorate does go into solution, as no reaction occurs in the absence of an organic solvent. 
Further evidence that solution does occur at this interface is obtained from the observ- 
ation that reaction will only occur in the presence of an onium donor solvent,®7.e., a solvent 
which can co-ordinate to the nitrosyl ion and stabilise it in solution; thus no reaction 
will occur in benzene (a x-donor), carbon tetrachloride, or n-hexane. 

If reaction was at atmospheric pressure, analysis ‘showed the resulting solution to 
contain cupric, perchlorate, and nitrate ions; if it was carried out under reduced pressure 
the nitrate content was reduced to less than 1% and a solution of anhydrous copper 
perchlorate in the organic solvent was obtained. The presence of nitrate in these solutions 
was unexpected but arises from further reaction of the nitric oxide evolved in the initial 
reaction: the nitrogen dioxide produced by atmospheric oxidation dimerises in the organic 
solvent to dinitrogen tetroxide, which then reacts with copper metal according to equations 
(3) and (4) to give some copper nitrate in solution. In the reaction under reduced pressure 
the nitric oxide was removed from the reaction mixture before oxidation could occur, thus 
preventing the formation of any nitrate in the final solution. 

When ethyl acetate was used as the organic solvent a steady reaction was obtained 
under reduced pressure; after its completion the solution was filtered, and a stable, clear, 
emerald-green filtrate obtained. In methyl cyanide a much faster reaction was obtained, 
and, as it neared completion, blue crystals were deposited from the solution; these were 
copper perchlorate solvated by four molecules of methyl cyanide. Filtration at the 
completion of reaction yielded a stable, clear, blue-green solution. The faster rate of 
reaction in .nethyl cyanide is attributed to the higher dielectric constant, viz., 37:5 
(compared to 6-02 for ethyl acetate), which would enhance the solubility of the nitrosyl 
perchlorate at the interface. In addition, the stronger donor properties of methyl cyanide 
will stabilise the nitrosyl ion in solution and result in a higher concentration of this ion at 
the interface and lead to faster reactions. 

Properties of the Copper Perchlorate Solutions.—Solutions of copper perchlorate in ethyl 
acetate and methyl cyanide were perfectly stable if kept in a closed tube, but if access of 
moisture occurred the solution became turbid, and ultimately a gelatinous basic copper 
perchlorate was precipitated. Evaporation of the solution of copper perchlorate in ethyl 


5 Hathaway, Proc. Chem. Soc., 1958, 344. 
* Addison and Sheldon, /J., 1956, 1941. 
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acetate yielded a very viscous emerald-green oil which was very difficult to crystallise. If 
the oil was stored for 2—3 days it solidified to a pale green crystalline material, shown by 
analysis to be Cu(ClO,),2-5EtOAc. Evaporation of the solution of copper perchlorate in 
methyl cyanide afforded blue crystals of copper perchlorate tetra(methyl cyanide). 

Apparent Molecular Weight of Copper Perchlorate in Solution.—Cryoscopic determin- 
ations of the molecular weight in ethyl acetate and methyl cyanide gave the following 
results : 





Ethyl acetate Methyl cyanide 
Cn ROE LS PETC 0-2043 0-2285 «= «01982135 = «0-099 
Molecular weight ............s.ssee00 258 258 175 146 131 


These show that copper perchlorate (M, 262-5) is monomeric in boiling ethyl acetate 


Fic. 2. Equivalent conductivities of copper 
perchlorate and copper nitrate in methyl 
cyanide solution. 
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(A) Cu(ClO,), prepared in solution. 
(B) Sublimed Cu(ClO,),. 

(C) NEt,*Clo,-. 

(D) Sublimed Cu(NO,),. 


(A) Cu(ClO,),. (B) Cu(NO,)s. 


solution, but that in boiling methyl cyanide solution some dissociation occurs which is 
dependent upon the concentration: 


Cu(ClO,), == Cu(ClO,)+ + ClO we Cur+2CIQ,- «wwe. 


On the other hand, anhydrous copper nitrate is monomeric in both these solvents at 
the above concentrations.” Dissociation of copper perchlorate in methyl cyanide is consis- 
tent with the higher dielectric constant of this solvent which would enhance dissociation 
into ionic species. It is also consistent with the much weaker associating properties of 
the perchlorate ion than of the nitrate ion for metal cations, and therefore the perchlorate 
would be expected to be more dissociated than the nitrate in an ionising solvent. 

Electrical Conductivity of Copper Perchlorate Solutions.—The variation of the equivalent 
conductivity of copper perchlorate with concentration is shown in Fig. 1 (ethyl acetate) 
and Fig. 2 (methyl cyanide); in both cases the corresponding values for sublimed copper 
nitrate in the respective solvents are shown for comparison.”? The results in ethyl acetate 
for both the perchlorate and the nitrate are very similar and of very low order (10 ohm~? 


7 Addison and Hathaway, in the press. 
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cm.?), indicating that the solutions are virtually non-conducting. This is consistent with 
the molecular-weight results, which showed that both compounds are unimolecular in 
this solvent even at its boiling point. The slightly higher conductivities of the perchlorate 
than of the nitrate are consistent with the weaker associating power of the perchlorate ion 
which has resulted in very slight ionisation of the perchlorate even in a solvent with as low 
a dielectric constant as ethyl acetate (6-02). Why the conductivities increase with increas- 
ing concentration is uncertain but it is qualitatively consistent with ion-pair formation.® 

The equivalent conductivities of copper perchlorate (and copper nitrate for com- 
parison *) in methyl cyanide (Fig. 2) are radically different from the values in ethyl 
acetate. First, they are of a much higher order, 10? compared with 10; secondly, they 
decrease with increasing concentration; and thirdly, the equivalent conductivity of the 
perchlorate is an order of ten higher than that of the nitrate. Clearly, the much higher 
dielectric constant of methyl cyanide (37-5) than of ethyl acetate (6-02) increases both the 
dissociation of the salts and the equivalent conductivities. With copper perchlorate 
the molecular conductivities cover the range 100—200 ohm™ cm.? which is higher than 
that of tetraethylammonium perchlorate in this solvent (Fig. 2). This indicates extensive 
ionisation of copper perchlorate in this solvent, a conclusion supported by the apparent 
molecular weight results previously described. A consequence of this ionisation in methyl 
cyanide is that the molecular conductivity now decreases with increasing concentration, 
i.e., a normal Onsager-type equation is obeyed, although the plot of A against +/c is not 
linear. The difference between the molecular conductivities of the perchlorate and the 
nitrate was unexpected, but to check these results the molecular conductivity of sublimed 
copper perchlorate in methyl cyanide was measured; the results (Fig. 2) lie only slightly 
below those obtained as above and clearly establish that copper perchlorate is a much 
better conductor in methyl cyanide than is copper nitrate. 

Absorption Spectra of Copper Perchlorate Solutions.—Solutions of copper perchlorate in 
ethyl acetate and methyl cyanide are emerald-green and blue-green respectively; the 
following Table lists Amax, and emax, in the visible region. The corresponding values for 
copper nitrate are also given.’ As all these solutions obey Beer’s Law within the limits of 


EtOAc MeCN EtOAc MeCN 
CBOs Aieen, CRP «5000580800008 820 750 Cu(NNO,)o Ames, (Hips) ......050....2- 820 850 
Emax. (I. mole“! cm.~!) 51-4 22-4 Emax. (1. mole cm.~) 51-6 47-0 


experimental error, the difference in extinction coefficient in methyl cyanide cannot be 
interpreted by the dissociation equilibrium (6), but suggests that the nitrate ion associates 
more closely with the copper ion than does the perchlorate ion; these results will be further 
discussed elsewhere. 

Above 200 my a solution of copper perchlorate should be transparent, as the perchlorate 
ion does not absorb in this region. The solutions of copper perchlorate always contain 
less than 1% of nitrate ion, and this resulted in a weak absorption in the range 295— 
325 mu. 

Properties of the Copper Perchlorate-Organic Solvent Complexes.—The products of con- 
centrating the solutions of copper perchlorate in ethyl acetate and methyl cyanide have 
been shown to be Cu(ClO,),,2-5EtOAc (m. p. 42°) and Cu(ClO,),,4CH,°CN (m. p. 196°), 
respectively. The very low m. p. of the former complex explains why it is so difficult to 
crystallise, and also suggests that it is likely to be more of a lattice complex than a true 
co-ordination complex, in which the ethyl acetate molecules are only weakly co-ordinated 
to the copper ions. This is consistent with the accepted ideas that ethyl acetate is a 
much weaker co-ordinating ligand than methyl cyanide. 

Both these complexes were heated under a vacuum in an attempt to remove the organic 
material; this was carried out at a low temperature to minimise decomposition of the 
perchlorate. With the methyl cyanide complex, heating under vacuum for 24 hr. at 70° 


® Fuoss and Kraus, J. Amer. Chem. Soc., 1933, 55, 21. 
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resulted in the loss of two of the four molecules of cyanide without any decomposition of 
the copper perchlorate, but further heating decomposed the perchlorate, without complete 
removal of all the organic material. The partially decomposed material was incompletely 
soluble in water and contained a small amount of free chloride ion. The decomposition 
of these complexes to give chloride ion agrees with Monnier’s observations ® on the thermal 
decomposition of copper perchlorate mono(diethyl ether), which at 180° decomposes into 
cupric chloride dihydrate. 

Infrared Spectra of the Copper Perchlorate Complexes.—The main infrared absorption 
frequencies of the copper perchlorate complexes are given in the accompanying Table. 


Infrared absorption spectra of copper perchlorate complexes. 


Cu(Cl1O,)2,4CH,°CN Cu(ClO,)2,2-5EtOAc 
2325 P 958 ms 1685 . 
2315 split 937 ms 1695 ¢> split 1185 
930 w.sh nnd 
1465 s : 1460 s ‘ 
1380 3) Nuiol 800 w 1380 5 sNuiol 1005 
727w Nujol 
1125 vs 1340 s 927 ms 
1067 w.sh 860s 
1038 w.sh 800 w 
727 w Nujol 


(vs = very strong, s = strong, b = broad, ms = medium strong, w = weak, w.sh = weak 
shoulder.) 


The chief features are a broad, strong absorption over the range 1185—1000 cm. and 
a sharp peak at 930 cm.!; the former is the characteristic v, frequency of a perchlorate ion, 
and the latter is the v, frequency, which, although forbidden in the infrared region of a 
perchlorate ion, occurs weakly in a number of ionic perchlorates, probably owing to 
slight distortions of the ion in a crystal field of lower symmetry than itself. The occurrence 
of strong absorptions at this frequency in the above complexes suggests that this frequency 
has become allowed, so is consistent with the perchlorate ion’s changing from an ionic (Tq) 
to a covalently bonded (C3,) group —OCIO,. This change in spectrum has been observed 
in the infrared spectrum of anhydrous copper perchlorate; these results will be more fully 
discussed elsewhere. In the methyl cyanide complex the formula alone suggests that the 
copper ions are probably four co-ordinated with respect to the methyl cyanide molecules, 
with the oxygen atoms of two separate perchlorate ions making up the co-ordination 
number of the copper ion with two very long copper—oxygen bonds. Unfortunately, 
attempts to obtain evidence that this complex is unimolecular in an inert solvent, such as 
nitromethane, were unsuccessful, as the methyl cyanide molecules were displaced and a 
copper perchlorate bisnitromethane complex was precipitated. 

The split absorption at 2300 cm. in the methyl cyanide complex is due to the -C=N 
vibration of the methyl cyanide molecule; this is shifted to slightly higher frequencies in 
the complex than the normal absorption of the -C=N vibration at 2248 cm.", but this is 
consistent with the methyl cyanide molecule’s being co-ordinated to the copper ions.”14 
The strong absorption at 1685—1620 cm. in the ethyl acetate complex is the normal 
carbonyl stretching frequency (1750—1735 cm.-) displaced owing to co-ordination of the 
ester to the copper ions by the oxygen of the carbonyl groups. The strong absorptions at 
1340 and 860 cm. have not been clearly assigned, but as they have not been observed in 
any other spectra of simple or complex perchlorates they are assumed to arise from the 
ethyl acetate molecule. 

Attempts to prepare Anhydrous Copper Perchlorate.—Solutions of copper perchlorate in 
an organic solvent prepared as described above are of interest as potential sources of 

* Monnier, Ann. Chim., 1957, 2, 32. 


#@ Miller and Wilkins, Analyt. Chem., 1952, 24, 1253. 
™ Coerver and Curren, J. Amer. Chem. Soc., 1958, 80, 3522. 
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anhydrous copper perchlorate, but attempts to precipitate this (or a readily decomposed 
complex) by addition of a variety of compounds all failed, as shown below. 

Solids. Ammonium and tetraethylammonium perchlorate are insoluble even in boiling 
ethyl acetate, but the latter salt is soluble in methyl cyanide; however, its addition to 
solutions of copper perchlorate failed to produce any precipitate. 

Liquids. Addition of organic solvents such as n-hexane and ether precipitated the 
respective copper perchlorate complexes; benzene produced no precipitation. Addition 
of liquid dinitrogen tetroxide results in an immediate precipitation of nitrosyl perchlorate: 


Cu(ClO,), + 2NzO, — Cu(NO,),+ 2NOCIQ,. . .....@ 


Liquid chlorine heptaoxide, anhydrous perchloric acid, and liquid sulphur dioxide are 
miscible with the copper perchlorate solutions but cause no precipitation even on cooling. 

Gases. Sulphur dioxide, carbon dioxide, and carbon monoxide have no effect when 
bubbled through the copper perchlorate solution, chlorine dioxide changes the emerald- 
green colour of the solution to leaf-green, and chlorine turns it brown, but there is no 
precipitation. Ammonia produces an immediate precipitate of tetra-amminecopper 
perchlorate, but the ammonia cannot be removed from this complex without decomposition 
of the perchlorate. 


EXPERIMENTAL 


Preparation of Nitrosyl Perchlorate.*—Oxides of nitrogen, prepared by adding concentrated 
nitric acid dropwise to solid sodium nitrite, were passed into 70% perchloric acid, and the 
precipitated nitrosyl perchlorate was filtered off on a sintered-glass filter-stick closed by 
phosphorus pentoxide guard-tubes, and sucked as dry as possible. The product was stored 
damp but before each experiment approximately 2 g. of nitrosyl perchlorate were transferred to 
a filter-stick and washed repeatedly with dry ethyl acetate in 10 ml. portions, and the solid was 
sucked dry between each addition of the solvent until a free-flowing powder was obtained. 

Reaction of Copper with Suspensions of Nitrosyl Perchlorate-——The dry nitrosyl perchlorate 
was transferred directly to a clean, dry 250-ml. B24 round-bottom flask closed by a phosphorus 
pentoxide guard-tube, and a piece of freshly abraded copper sheet (50 x 10 x 1 mm.) was 
added. Approximately 30 ml. of dry organic solvent were added, as quickly as possible to 
avoid access of moisture, and the flask was then evacuated through the guard-tube. The 
reaction was complete with methyl cyanide in 2—3 hr., but up to 7 hr. were required with ethyl 
acetate. The final solution was filtered through a No. 4 sintered-glass filter-stick to remove 
residual nitrosyl perchlorate and a trace of copper metal. In the reaction with methyl cyanide 
a certain amount of copper perchlorate tetra(methyl cyanide) complex crystallised out as the 
reaction proceeded; this was either filtered off or redissolved by addition of more methyl 
cyanide before filtration. 

Analysis of Solutions —A measured volume of the prepared solution was diluted with water, 
and the aqueous solution then boiled to remove the organic solvent and made up to a known 
volume; aliquot volumes were then taken for analysis. Copper was estimated gravimetrically 
as copper ethylenediamine mercuri-iodide,™ total nitrate and perchlorate gravimetrically as the 
nitron salts, and nitrate by reduction and a micro-Kjeldahl procedure. Analysis of the solutions 
obtained as above gave the following typical results. With ethyl acetate: (a) at atmospheric 
pressure, empirical formula Cu(ClO,),.g9(NO3)o-49; (0) under reduced pressure, empirical formula 
Cu(ClO,),-9¢(NOs3)o.94. With methyl cyanide under reduced pressure: empirical formula 
Cu(ClO,),-97(NO3)o-03- 

Analysis of Copper Perchlorate Complexes.—Copper perchlorate tetra(methyl cyanide) [Found: 
Cu, 14-8; ClO,, 45-6. Cu(ClO,),,4CH,°CN requires Cu, 14-9; ClO,, 46-6%]. Copper perchlorate 
2-5-ethyl acetate [Found: Cu, 12-2; ClO,, 38-25. Cu(ClO,),,2-5CH,°CO,C,H, requires Cu, 
12-3; ClO,, 38:5%]. Copper perchlorate bisnitromethane (Found: Cu, 16-7; ClO,, 52-9. 
Cu(ClO,),,2CH,*NO, requires Cu, 16-5; ClO,, 53:1%]. The infrared spectrum of this complex 
showed no cyanide band at 2300 cm.“ but a band at 1550 cm. due to the nitro-group. 

12 Hofmann and Zedtwitz, Ber., 1909, 42, 203. 


18 Vogel, ‘“‘ Text Book of Quantitative Inorganic Analysis,” Longmans, Green and Co., London, 2nd 
edn., 1951, p. 433. ‘ 
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Molecular-weight Determinations.—These were carried out ebullioscopically using a Swieto- 
slawski differential ebulliometer '4 reduced toa 10 ml. volume. All determinations were carried 
out behind blast screens. 

Electrical Conductivities—These were measured by using a Cambridge conductivity ap- 
paratus involving a 1000 c./sec. oscillator and a galvanometer as a null-point instrument. The 
cell design was that of Groeneveld and Zuuv,’ which enables measurements to be made on 
hygroscopic solutions under a dry atmosphere. The methyl cyanide and ethyl acetate were 
dried and purified by repeated fractionation off phosphorus pentoxide until the specific 
conductivities were less than 10°? ohm™? cm.7}. 

Measurement of Spectra.—The visible and ultraviolet spectra were measured on a Unicam 
§.P. 500 Spectrophotometer using l-mm. silica cells. The infrared spectra were determined as 
Nujol mulls in a Unicam S.P. 100 Spectrophotometer. 


The authors are indebted to Dr. G. W. Gray for the infrared measurements, to the Chemical 
Society for a grant for apparatus, and to the Department of Scientific and Industrial Research 
for a maintenance grant (to A. E. U.). 


THE UNIVERSITY, HULL. [Received, November 24th, 1959.) 


14 Swietoslawski, ‘‘ Ebulliometric Measurements,” Reinhold, New York, 1945, pp. 11, 18, 28. 
145 Groeneveld and Zuuv, Rec. Trav. chim., 1953, 72, 618. 





741. Ultraviolet Absorption Studies of the Bisulphite—Pyrosulphite 
Equilibrium. 
By R. M. GoLpInc. 


Four species are suggested to explain the ultraviolet absorption spectra 
of bisulphite at various concentrations: the S,0,?~ ion (Amax, = 255 my, log 
¢ = 3-60); the HSO,~ ion (Agax = 215 my, log « = 1-78); the HO-SO,- ion 
(Amax. = 205-2 my, log ¢ apparent = 2-75); the equilibrium 2HSO,” == 
$,0,?-, which is confirmed; K = [S,0,?-]/[HSO,-]? = 7 x 10? mole". 


Lorenz and SAMUEL! measured the ultraviolet absorption spectrum (400—220 my) of 
bisulphite at two concentrations, N- and Nn/10-sodium hydrogen sulphite. Both spectra 
had a peak at 255 my, which did not obey Beer’s law for the HSO,~ ion. Schaefer e¢ al.* 
postulated two isomeric forms of bisulphite, (I) and (II). To attempt to explain the 
ultraviolet spectrum of bisulphite solutions they introduced a “ time-dependent equili- 
brium”’ between the two isomeric forms (I) and (II). From Raman and ultraviolet 


o o “0 0-H 

4 7 ‘. 
HO-S. H-S=0 oe ‘o 
° ° Oo ‘weston 


(I) (II) 
(IIT) ° 

studies, Simon et al.3 have shown that the equilibrium of the bisulphite solution is not 
“time dependent,” confirming the earlier work of Baly and Bailey. The latter workers 
compared conductance measurements on sulphite solutions with ultraviolet absorption 
measurements. From their ultraviolet absorption results, the 255 my peak was assigned 
to the S,0,?~ ion. 

In this paper the 255 my. peak is first shown to be due to a compound containing two 

? Lorenz and Samuel, Z. phys. Chem., 1931, B, 14, 219. 

* Schaefer, Niggemann, and Kohler, Z. Elektrochem., 1915, 21, 181; Schaefer and Kohler, Z. anorg. 
Chem., 1918, 104, 212. 

* Simon and Waldmann, Z. anorg. Chem., 1955, 281, 113, 135; 1956, 284, 36, 47; Simon, Waldmann, 


and Steger, ibid., 1956, 288, 131. 
‘ Baly and Bailey, /., 1922, 121, 1813. 
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sulphur atoms, then that it is due to the S,O,?~ ion and not to HS,O,~ or H,S,O,;. At low 
concentrations of bisulphite the only peak is at 205-2 my, which is shown to be due toa 
compound containing one sulphur atom and is assigned to the HO-SO,~ isomer of bisulphite, 
As the total sulphur concentration is increased, the 205-2 mp peak does not continue to 
obey Beer’s law but the wavelength maximum shifts towards approximately 215 my. At 
high concentrations the 215-my absorption obeys Beer’s law for a compound containing one 
sulphur atom, and the HSO,~ isomer of bisulphite is assigned to this peak. The shift 
of the peak from 205-2 my to 215 my is explained by a hydrogen-bonding mechanism. 


EXPERIMENTAL 

All the ultraviolet absorption spectra were measured on a Beckman D.U. spectrophoto- 
meter, and at the low wavelengths stray light was allowed for, by standardisation with potassium 
dichromate. The cells used were of 1 cm. or 1 mm. path length depending on the concentration 
used, and the spectra were measured at 20°. 

Potassium pyrosulphite was prepared by bubbling sulphur dioxide through a saturated 
solution of the carbonate until the solution was acidic. The white solid was dried and identified 
as pyrosulphite by X-ray powder pattern.5 Just before a solution was made from the prepared 
pyrosulphite its purity was determined by titrating a solution with a standard iodate solution. 

Results.—The ultraviolet absorption spectra of solutions of sulphur dioxide at various pH 
values from 1 to 10 were measured at low total sulphur concentrations (less than 3 x 10m), 
There were three characteristic ultraviolet spectra: (1) below pH 2, adjusted with hydrochloric 
acid. (The pH was measured on a Cambridge pH meter; the adjusted solution was halved, 
and one portion used to determine the pH and the other portion to measure the spectrum: this 
prevented contamination from the pH electrodes which would interfere with the absorption 
spectra.) (2) pH 3-5—5-5, adjusted with hydrochloric acid; (3) above pH 8, borate buffer 
(checked by pH meter). These are shown in Fig. 1 and are assigned as (1) sulphur dioxide 
in water, (2) bisulphite, and (3) sulphite. All the spectra subsequently recorded in this paper 
were measured in the pH range 3-5—5-5, as only the bisulphite ions are considered. Table 1 
shows that the ion causing the absorption at 205-2 my. obeys Beer’s law for a species containing 
one sulphur atom at low concentrations (below 3 x 10m): [HSO,7] is the bisulphite concen- 
tration, D the optical density, and E the molecular extinction. 


TABLE l. 
([HSO,-] 96x 10 1-53 x 10° 2-31 x 103 2-77 x 10° 6-00 x 10° 1-48 x 10° 3-70 x 10° 
i seaen 0-056 * 0-820 ¢ 0-125 * 1-57 ¢ 0-268 * 0-450 * 0-500 * 
10°E ... 5-84 5-36 5-41 5-66 4-46 3-02 1-35 


* 1Mm.cell. f 1 Cm. cell. 


The extinction coefficient of the bisulphite species at low concentrations is 5-62 x 10? (from 
slope of the plot of D against total sulphur concentration). This species with Apax at 205-2 mp 
will be labelled bisulphite (I). 

As the bisulphite concentration is increased, a peak at 255 my begins to appear. In the 
following expressions let D = edc where e = molecular extinction coefficient, d = path length, 
and ¢ = concentration of absorbing species. If the sulphur species is mainly present as an S$ 
form (which has been shown for low concentrations) and in a small extent as an S,, form, with 
the two forms in equilibrium, then »S == §,, and [S,] = K[S]", where K is the equilibrium 
constant, therefore D = Ked[S]" if the measured absorption at the particular wavelength is due 
to the S, species. As 

log D = n log [S] + log Ked BOR FT et 4 eae 


a plot of log D against log [S] determines the value of m, and such a plot for the 255 my peak 
yields a straight line over the entire concentration range measured. From the graph (Fig. 2) 
the value for m is 2. The species at 255 my therefore contains two sulphur atoms. 
Solutions made from sodium sulphite and from potassium pyrosulphite, with adjustment of 
the pH in each case gave the same ultraviolet absorption spectra for varying concentrations 
5 A.S.T.M. cards. 


* Kolthoff and Belcher, ‘‘ Volumetric Analysis, Vol. III,” Interscience Publishers Inc., New York, 
1957, p. 451. ‘ 
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(Table 2). This establishes a direct equilibrium between bisulphite and pyrosulphite with 
no “‘ time dependence.” Hence it is established that (1) the 255 my peak is due to a species 
containing two sulphur atoms and (2) there is a simple equilibrium between bisulphite and a 
pyrosulphite species which absorbs at 255 my. 
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The bisulphite species is labelled HS* for the present. The three possibilities for the 
bisulphite—pyrosulphite equilibria are 


2HS* == S,0,?- + H,O and [S,0,*°]/[HS*#?=K, . . . . (I) 
2HS* + H+ == HS,0,~ + H,O and [HS,0,-]/[HS*]*{H*] = K, . . (2) 
2HS* + 2H+ == H,S,O, + H,O and [H,S,0,]/[HS*]}*{H*}#= K, . . (3) 


These equilibrium equations can be summarised as 
(S.*)/(H*}"HS*P = K,. . 1 ew tl tl wl te | 


Where » = 1, S*, = S,0,2-; where n = 2, S*, = HS,O,~; and where m = 3, S*, = H,S,0,. 
Let S be the concentration of total sulphur, then 


S = [HS*] + 2[S,*] = ({S,*]/[H*]"*4,)! + 2[S,*] 
Substituting for HS* from equation (4), we have, at 255 mu, D = end [S,*], therefore 
; S = (D/e,d (H*}""1K,)? + 2D/end 
i.e., S/D = AD*+B aca’ a ee ee 


where A? = (e,d[H*]"1K,)71 and B = 2/e,d. 

From equation (5) and the slope of the plot of S/D against D+, K, and n may be evaluated, 
and from the intercept ¢, can be evaluated. Table 2 gives a summary of the various solutions 
measured at 255 mu. 

Inspection of Table 2 shows that the gradient of a plot of S/D against D+ [i.e., equation (5)] 
is independent of pH and is a function of [H*]""1, » = 1. Hence, the species at 255 my is 
S,0,2- and not HS,O,~ or H,S,O,;. From a plot of S/D against D™ the value for A is found 
to be 0-1861. Since »=1 and d= 107, eK, = 288. The intercept is about 5 x 10%, 
therefore ¢ is about 4 x 10°. Since the intercept is small, a large error is inherent in the 
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TABLE 2. 


Addedas S$ D Dt sD Addedas 5S D Dt = Sp 
00735 0-142 2-655 0-518 4: K,S,0, 01602 0-778 1-134 02060 4-02 
00771 0-165 2-461 0-461 K,S,0, 01604 0-748 1-157 02142 4-55 
0-0802 0-181 235 0-444 4 Na,SO, 0-1835 1-000 1-000 0-1840 
0-0806 0-194 2270 0-416 3 K,S,0, 01930 1-184 0-918 0-1630 — 
00917 0-228 2-098 0-402 4 K,S,0, 0-2002 1-200 0-931 0-1670 4-04 
0-1030 0-305 1-810 0-338 K,S,0, 02009 1-227 0-904 0-1638 4-60 
0-1100 0-322 1-760 0-341 4 Na,SO, 0-2200 1-470 0-825 0-1500 4-24 
01201 0-424 1-537 0-2838 4- K,S,0, 02248 1-699 0-768 0-1320 — 
0-1209 0-422 1-540 0-2850 3 K,S,0, 0:2398 1-715 0-755 0-1398 4-05 
0-1289 0-490 1-428 0-2620 K,S,0, 00-2422 1-792 0-746 0-1356 4-50 
01358 0-528 1-378 0-2585 4: K,S,0, 03215 2-976 0-579 0-1080 — 

Na,SO, 0-1469 0-609 1-282 0-2410 4: 


molecular extinction. It can be shown that the theoretical maximum value of ¢ in any com- 
pound is about 10‘, but from the results, the intercept must be less than 10, therefore ¢ is 
greater than 2 x 10%. Consequently, approximate values of e and K can be obtained as 
4 x 10% and 7 x 10? mole“, respectively. 





Fic. 3. Ultraviolet spectrum of 
HSO,-S,0,;?-: 1-mm. cell, pH 
4-05. Total sulphur concentra- 
tion: A, 0-0802m; B, 0-1201m; 
C, 0-1602mM; D, 0-2002m; E, 
0-2398. 
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Fic. 4. Plot of optical density against 
wavelength for constant sulphite con- 
centration at various values of pH. 


(a) pH 4-05, 3-75, 3-50; (6) pH 4-60. 
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The next part of the spectrum to be explained is the 205-2 mu peak. As was shown, below 
concentrations of 3 x 10%m the peak obeys Beer’s law, but above this concentration the peak 
moves towards 215 my. This is shown in the graph (Fig. 3) for varying total concentration of 
sulphur but with pH constant at 4-05. Applying equation (a) we find that m = 1-00 at 215 mp. 
Hence the 215 my species is also a single-sulphur compound. The extinction coefficient is 
evaluated in Table 3, showing that Beer’s law is obeyed at high concentration. Hence the 


TABLE 3. 
Bisulphite concn. .............0se0000 0-0802 0-1201 0-1602 0-2002 0-2398 


0-564 0-850 1-126 1-386 1-622 
‘ 70-8 70-2 69-2 68-0 
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extinction coefficient of the bisulphite species, which will be referred to as bisulphite (II), is 70 
and its peak is at 215 my. 

The oscillator strengths, f, are calculated for the bands at 205-2, 215, and 255 mu by using 
the equation f = 3-64 x 10°fe.dv obtained by Chako ” for dilute solutions, i.e., the refractive 
index of the solution is the same as for the solvent, water. The following Table is a summary 
of the oscillator strengths for the bands. 


Ban 205-2 my 215 mp 255 my 
Oscillator strength 4-6 x 10° (apparent) 9-2 x 10~¢ (apparent) 8-3 x 10° 


The pH does not affect the 255 my peak, but at high concentrations of bisulphite the 215 mu 
peak is altered by pH changes (Fig. 4). 


As before, let HS* represent the bisulphite ion. Consider the equilibrium 
HS* == SO,?- + Ht and K = [H*][SO,?-]/[HS*] = 107 


The equilibrium constant, K, is a concentration term obtained from Cuta e¢ al.* at the appro- 
priate ionic strength. For the SO,? ion Asx, = 218 mp and Emax = 1-29 x 10°. The greatest 
bisulphite concentration used in this work is 0-27m. For this concentration at pH 4-60 the 
$O,?- ion concentration will be approximately 1:08 x 108m, hence the optical density in a 1-mm. 
cell at 218 my due to the SO,?- ion is 0-140. Similarly at pH 4-00 the optical density due to 
the SO,?- ion in a l-mm. cell is 0-035, which is negligible. Therefore, even at the greatest 
bisulphite concentrations used, the SO,*~ ion has negligible effect on the bisulphite peak at pH 4. 
Decreasing the pH from 4-60 at constant high concentrations will alter the shape of the composite 
bisulphite peak towards the shorter wavelength as shown in Fig. 4, owing to the decrease of 


the SO,?~ concentration. 
DIscussION 
Consider the two isomeric bisulphite species as postulated by Schaefer and Kohler.® 
The sulphur atom in species (I) has one available z-orbital whereas species (II) has no avail- 
able x-orbital. The oscillator strength for the first transition depends on the coefficients of 
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the x-combination in the first excited orbitals ® and can be written as f oc h?, where h is 
the coefficient of the x-combination in the excited state. It can be seen that h(I) > A(II), 
therefore f(I) > (II). Hence species (I) has the greater oscillator strength and will 
dominate the ultraviolet spectrum if both species are present in comparable amounts. 
This appears to be the case, as species (III) (see later) predominates at high concentrations. 
This would not be observed if one of the bisulphite species dominated. Since the major 
peak at low concentrations is at 205-2 my the HO-SO,~ (species I) may be assigned to it. 
However, this peak will be made up of both species (I) and (II), and consequently the 
extinction coefficient will only be apparent. 

Species (I) and (II) must be in equilibrium, as diluting a strong bisulphite solution 
shifts the wavelength from 215 my to 205-2 my, as shown in Fig. 5. A simple equilibrium 
(I) == (II) would not give the shifting peak. At higher concentrations species (I) may 
tend to form a hydrogen bond with species (II), giving a six-membered ring (as ITI). 

It has been postulated !° that hydrogen bonding in the ultraviolet spectra of weak acids 


? Chako, J. Chem. Phys., 1934, 2, 645. 

® Cuta, Beranch, and Pisechy, Coll. Czech. Chem. Comm., 1958, 28, 1496. 
® Wolfsberg and Helmholz, J. Chem. Phys., 1952, 20, 837. 

1° Forbes and Knight, Canad. J. Chem., 1959, 37, 334. 
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causes wavelength shifts due to concentration changes. Martin and Rossotti™ have 
shown that for weak aliphatic acids the monomer is favoured at concentrations less than 
5 x 10°m, and above this the complex appears. As the total sulphur concentration 
increases, hydrogen bonding becomes more favoured and species (III) is formed; conse- 
quently the concentration of species (I) is reduced. Hydrogen bonding to the sulphur 
atom in species (I) will greatly alter the x-orbital contribution to the first excited state of 
species (I), and consequently the extinction coefficient of bisulphite will decrease as the 
concentration increases. Hence the 215 my peak is due to species (III), but this may be 
considered as the form species (II) takes in solution at these concentrations. 
Next consider the complete set of equilibria in bisulphite solutions: 


(I) === (II) low concentration (3 x 10-m) 
(I) + (1) ——= (ITT) high concentration (10-*m) 
7h aT 
(111) =— yr" KO + H,0 
° ° 


Zachariasen ' determined the crystal lattice of potassium pyrosulphite and the structure 
of the pyrosulphite group. Recent work by Lindquist and Mortsell }* has confirmed the 
structure which has a C, symmetry with an S-S bond. The pyrosulphite ion has an S-S 
bond and S-O bonds and not an S-O-S configuration as suggested by Simon, Waldmann, 
and Steger. They considered all the possible symmetry groups and although they 
finally assigned the symmetry group C2, to the S,O,?- ion, their evidence is not complete. 
The Raman spectrum consists of 15 vibrations (3m — 6) which Simon é¢ al. tabulated. 
For the symmetry group C2, ', = 5A, + 3A, + 3B, + 4B,, and all classes occur in the 
Raman spectrum (15 vibrations) but in the infrared class 4, does not appear (12 vibrations). 
Their infrared results are incomplete so that the symmetry group cannot be deduced 
unequivocally. 

They assign the infrared and Raman peak at 655 cm.+ toa S-O-S vibration. However, 
all the compounds used to support their arguments have S-O bonds. In the Raman 
spectra ! of S,O,?- and the polythionates the 650 cm. frequency also occurs (see following 
Table). Hence Simon and Waldmann’s assignment of the S-O-S vibration to the 650 
cm. frequency is not correct for S,0,2-. Consequently, their reaction mechanism for 
the formation of pyrosulphite is incorrect. It seems most unlikely that the S,O,?~ ion 
would be formed from the HO-SO,~ species only, since they showed that H-SO,~ existed 


Substance vg (cm.~') (S-O) Substance vg (cm.~!) (S-O) Substance _», (cm.~) (S-O) 
| ee 660 O,S-S,-SO, ... 660 O,S-SO, ...... 650 
0,S-S-SO, ... 610 0,S-S,-SO, ... 650 


mainly (detected H-S vibration) at large concentrations. Formation of the S-S bonded 
S,0,”> ion seems much more likely through the hydrogen-bonded bisulphite species 
(III). The following Table gives a summary of the species present in a pyrosulphite 
solution. 


Species Amax. (Mp) log Emax. 
PUTED sdinccsterstsadsepssgesetayens 205-2 2-75 (apparent) 4-6 x 10-3 (apparent) 
MUSTERED a caSasbhcswssccsthdncstuned 215 1-85 9-2 x 10° 
EES talegat hb eeebwncccccsenanibcduceindve 255 3-60 8-3 x 10° 
DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
DoMINION LABORATORY, WELLINGTON, NEW ZEALAND. (Received, December 1st, 1959.) 


11 Martin and Rossotti, Proc. Chem. Soc., 1959, 60. 
12 Zachariasen, Phys. Rev., 1932, 40, 923. 

13 Lindquist and Mortsell, Acta Cryst., 1957, 10, 406. 
14 Eucken and Wagner, Acta Phys. Austriaca, 1948, 1, 339. 
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742. The Interaction of N-Chloro-N-methylbenzamides and of - 
N-Chloro-N-methylbenzenesulphonamides with p-Nitrophenoxide Ion. 


By M. L. BURSTALL, M. S. Grsson, J. S. GREIG, B. McGHEE, 
4 and D. G. STEWART. 


Ss i 7 = Ww 


Kinetic studies of the interaction of p-nitrophenol with some ar- 
substituted N-chloro-N-methylbenzamides and with some ar-substituted 
N-chloro-N-methylbenzenesulphonamides in alkaline solutions at 25° have 
F been made. With the former compounds in the pH range 9—10, two main 
reactions are apparently involved: (i) pH-independent chlorination by the 
N-chloro-compound and (ii) pH-dependent hydrolysis of the N-chloro- 
compound to hypochlorous acid, which then rapidly chlorinates the p-nitro- 
phenoxide ion. With the latter compounds, however, the chlorination is 
pH-independent in the pH range 8-5—9-5, suggesting that direct chlorination 
is the main process involved. Introduction of electron-attracting ar- 
substituents in the N-chloro-compounds enhances the rates of these reactions. 


oe CO mm 
SRN RARE 


Hurst and Soper? have shown that N-chloroacetanilide reacts with phenols in slightly 


; alkaline solution partly by preliminary hydrolysis to hypochlorous acid and partly by 
direct attack on the phenoxide ion. The reactions, conducted in the presence of an excess 
| of the phenol (in the pH range 8-7—9-3), were found to be of the first order with respect to 
, N-chloroacetanilide, the first-order rate constant (k,) being related to the concentrations 


of hydroxyl and phenoxide ions by the equation 
k, = [0H] +4f0PR) . . 2. ws es oe @ 





. where k;,, ka are the rate constants for hydrolysis and direct interaction (with phenoxide 
i} =f ion) respectively of N-chloroacetanilide. 

The interaction of p-nitrophenol (K,, 9-6 x 10° at 25°)? with N-chloro-N-methy]l- 
benzamide * in the pH range 9—10, in which the phenol is virtually completely ionised, has 
now been examined. Equation (1) holds quite well, giving values of k, as 21-4, 21-2, 18-3, 
18-4 mole min.~ for solutions initially respectively 0-02, 0-03, 0-04, 0-06 in p-nitrophenol. 
The corresponding values of ky, determined by extrapolating the k,-[OH™~] graphs to zero 
[OH-] and equating the intercepts to ka[OPh-] in each case, are 0-011, 0-006, 0-016, 
0-013 mole min. respectively (cf. Fig. 1). The interaction of N-chloro-N-methyl-m- 
nitrobenzamide * and of six hitherto unknown ar-substituted N-chloro-N-methylbenz- 
amides with p- nitrophenol (initially 0-02mM) in the same pH range was then examined; 
the results are shown in Fig. 1 and in Table 1. 

It is seen that both interaction and hydrolysis reactions are favoured by presence of 
electron-withdrawing groups in the aromatic ring; some additional experiments also show 
that the reaction is favoured by electron-releasing groups in the phenol as, indeed, would 
be expected. An approximately linear relation was noted both between log hk, and log kg 
and the Hammett o value for the substituent. The wide departure of the m-nitro- 
derivative from approximate linearity in both instances causes some doubt as to the 
accuracy of its determinations. 

It may be noted that the preparations of the N-chloro-N-methylbenzamides described 
below are the best that have been developed in this work; deviations from these methods 
frequently result in incomplete N-chlorination with consequent low available-chlorine 
content of the sample. These compounds are generally stable on storage at 0° in absence 
of light and moisture for a few days, the onset of decomposition being marked by a fall in 

1 Hurst and Soper, J., 1949, 107. 

* Hantzsch, Ber., 1899, 32, 3066. 

? Beilstein’s “‘ Handbuch der Organischen Chemie,”’ Vol. IX, p. 268. 


* Ref. 3, p. 384. 
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the available-chlorine figure. Methylenebisbenzamide * has been identified as the major 
product of the spontaneous decomposition of N-chloro-N-methylbenzamide at room 
temperature (in daylight) after two weeks. 


TABLE 1. Reaction rates of substituted N-chloro-N-methylbenzamides. 
th k k 


ky h 2 o 
Subst (10“ min.“*) (min.) = (mole™! min.-") (mole min.“!) (ref. 6) 

PRE? cxdebdicccndbcoddsnnrescssticonts 3-5 2010 19-8 0-011 0-0 
QE OO) dd ndccevetesctiscecisstinecd 1-85 3590 15-6 0-005 —0-17 

OA GOD, dennicdineduce ctnciadebisoce 4:15 1660 20-5 0-015 — 
PG WOR. Snteespenivarcshdesskity versa 7:95 873 52-4 0-023 0-37 
NE sie sail i ET IO PE Sat 5-60 1240 33-6 0-017 0-23 

PMs BB oevkidsikethcierctttecncs 18-8 369 38-0 0-082 ea. 
Ss HT Shs kon cadedaitins 32-8 217 58-0 0-145 0-71 
Bn Be ay: CI 1 6s peendde ca swunnsitasion 27-4 253 112-0 0-102 0-78 

N-Chloroacetanilide 4 (0-01) ... 53 131 454 0-11 — 


Initial concentrations were 0-02mM-p-nitrophenol and 0-005m for (a)—(e), saturated solutions for 
(f)—(h); pH = 9; temp. 25-1° + 0-05°. 
The interaction of N-chloro-N-methylbenzenesulphonamide with #-nitrophenol in 
slightly alkaline solutions has also been examined kinetically. In the range of pH 8-5— 
9-5, the reaction, conducted in the presence of an excess of p-nitrophenol, was found to be 
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Fic. 1. Effect of hydroxyl-ion concentration upon rates of reaction of substituted N-chloro-N-methyl- 
benzamide with p-nitrophenol. 
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Fic. 2. Effect of p-nitrophenol concentration upon rates of reaction of substituted N-chloro-N-methyl- 
benzenesulphonamides. 
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independent of pH. The reaction was then studied at pH 9 by employing a range of 
concentrations of p-nitrophenol, this compound always being in excess so that the observed 
removal of active chlorine from the solutions was a first-order reaction. The first-order rate 
constant (k,) for the reaction was determined at each concentration of p-nitrophenol. The 


5 Pulvermacher, Ber., 1892, 25, 304. 
* McDaniel and Brown, J. Org. Chem., 1958, 23, 420. 
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plot of &, against concentration of p-nitrophenol was linear under the experimental 
conditions, the slope of the line giving the second-order rate constant for the inter- 
action (z ). 

Extrapolation of the k,-[OPh"] graph to zero concentration of p-nitrophenol showed a 
small intercept on the k, axis (cf. Fig. 2). The numerical value of the intercept is subject 
to some experimental error, but separate experiments reveal that a first-order 
decomposition of the N-chloro-compound is occurring in the system, and that this accounts 
at least partly for the intercept. Since the chlorination reaction is pH-independent, the 
possibility of a slow hydrolysis of the N-chloro-compound by water, with rapid subsequent 
removal of the hypochlorous acid by #-nitrophenol, cannot be rigidly excluded. 

The interaction of N-chloro-N-methyl-p-toluenesulphonamide, N-chloro-N-methyl-p- 
bromobenzenesulphonamide, and N-chloro-N-methyl-m-nitrobenzenesulphonamide with 
p-nitrophenol was also examined, and the same general behaviour noted, though the 
reaction occurred with markedly increased speed in the case of the m-nitro-compound. 


TABLE 2. Reaction rates of substituted N-chloro-N-methylbenzenesulphonamides. 


Initial concentration 
N-Chloro- 


compound /-Nitrophenol kh, (aq.) hk, (aq. dioxan) ha 
Subst. (10-4) (mM) (10? min.") = (10°? min.-!)__ (mole min.~!) 
Diiginken-ccdcivnsspepvesias 5-6 0-003 1-18 1-63 3-54 
P-Me  ..eerccsscesceeees 2-25 0-004 2-465 3-153 5-13 
P-Br  eecersecesecseeece 2-2 0-004 — 2-77 5-78 
Pc vakciesidsacevdes 1-6 0-002 ~- 7-2 31-6 


pH = 9-06; temp. 25-0° + 0-05°; Raccomp. ca. 10-* min.~} (all cases). 


The results (Table 2) refer to aqueous solutions buffered to pH 9-0 in the cases of the 
parent compound and the #-methy] derivative, and to solutions containing 4-5% of dioxan 
in the cases of the ~-bromo- and the m-nitro-derivative owing to the low solubility of these 
compounds; separate experiments showed that for the parent compound and the f-methyl 
derivative the reaction was accelerated somewhat in presence of 4:5% of dioxan. 

The values of ka are seen to be all of the same order, that for the m-nitro-compound 
being notably the largest, suggesting that the reaction is favoured by electron-attracting 
groups in the benzene ring of the N-chloro-compound. The most significant feature is the 
apparent absence of alkaline hydrolysis of the N-chloro-compounds. 

In considering the reaction of these two series of compounds with #-nitrophenol in 
alkaline solutions, the significant point which emerges is that with N-chloro-N-methyl- 
benzenesulphonamides (i) no alkaline hydrolysis occurs and (ii) the value of kg is consider- 
ably larger than that for the N-chloro-N-methylbenzamides. It is quite evident that 
N-chloro-N-methylbenzamide and N-chloroacetanilide react with p-nitrophenol under 
these conditions by the same mechanism. 

The situation is reminiscent of the hydrolysis of carboxylic and sulphonic esters in 
slightly alkaline solutions.’ The latter are hydrolysed by a unimolecular process involving 
alkyl-oxygen fission, and measured hydrolysis rates are practically independent of pH. 
In contrast, carboxylic esters generally undergo bimolecular hydrolysis, addition of 
hydroxyl ion to the ester being rate-determining. 

Since the values of k, for the N-chloro-N-methylbenzamides show an ortho-effect,® it 
seems likely that the hydrolysis follows the course: 


4°) e oF ° 
I OH i” OH il 
ce a yal C 
NCIMe =>. Act n- + Hoc! 
Me M 





7 Demeny, Rec. Trav. chim., 1931, 50, 60; Waters, ‘‘ Physical Aspects of Organic Chemistry,” 
Routledge and Kegan Paul, London, 1950, Chap. XIII, pp. 327 et seq. 
* Hammett, “‘ Physical Organic Chemistry,” McGraw-Hill, New York, 1940, Chap. VII, p. 204. 
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the first step is rate-determining as for the hydrolysis of carboxylic esters. The inability 
of the sulphonyl group to add hydroxyl ion virtually precludes a similar alkaline hydrolysis 
of the N-chloro-N-methylbenzenesulphonamides. 

The kg values for the N-chloro-N-methylbenzamides show a much smaller ortho-effect, 
and it is inferred that the direct chlorination does not involve attack at the carbony] 


group, 4.¢.: 
OF - 
: 2 pees: au 
eis afl aia ae 
N-Cl N 
Me NO, Me NO, 


An analogous mechanism presumably operates for the N-chloro-N-methylbenzenesulphon- 
amides. 
N-Chloro-N-methylacetamide was also prepared during this work; its volatility is 
notable. 
EXPERIMENTAL 


N-Chloro-N-methylbenzamide.—N-Methylbenzamide (2 g.) was vigorously stirred with 10% 
aqueous potassium hydrogen carbonate (50 ml.) and 10% aqueous sodium hypochlorite 
(12 ml.) for 1 hr. The mixture was extracted with chloroform, and the extract washed with 
10% aqueous sodium carbonate (50 ml.), dried (Na,SO,), and evaporated im vacuo. The N- 
chloro-compound remained as a colourless oil * (2-4 g., 98%) (Found: available Cl, 41-0. Calc. 
for C,H,ONCI: Cl, 41-9%). Solutions of N-chloro-N-methylbenzamide in buffer solutions of 
pH 8, 9, 10 were shown, both spectrophotometrically and by available-chlorine estimation, to 
be stable under conditions used for the kinetic determinations. At pH 12, the compound slowly 
decomposed, about 13% of decomposition having occurred after 90 min. 

N,0-Dichloro-N -methylbenzamide.—o-Chloro-N-methylbenzamide (5 g.) was vigorously 
stirred with 10% aqueous potassium hydrogen carbonate (250 ml.) and 10% aqueous sodium 
hypochlorite (50 ml.) for 1}hr. The oily product was separated by extraction with chloroform. 
Drying and removal of solvent in vacuo gave N,o-dichloro-N-methylbenzamide (5-46 g., 91%) 
(Found: available Cl, 34-2. C,H,ONCI, requires 1Cl, 34-8%). At 0°, the compound solidified 
in rhombic plates, m. p. 32-5—33°. 

N,m-Dichloro-N-methylbenzamide.—m-Chloro-N-methylbenzamide (1 g.), stirred with one- 
fifth of the above quantities for 1 hr., gave N,m-dichloro-N-methylbenzamide (1-05 g., 87%) 
(Found: available Cl, 34:1%), solidifying (at 0°) as colourless needles, m. p. 15—16°. 

N, p-Dichloro-N-methylbenzamide.—p-Chloro-N-methylbenzamide (5 g.) gave the N-chloro- 
benzamide (6 g. quantitative), stirring being continued in this case for 4 hr., solidifying at 0° in 
needles, m. p. 30—30-5° (Found: available Cl, 34-9%). 

N-Chlovro-N-methyl-o-nitrobenzamide.—Sodium hydroxide (0-6 g. in 7-5 ml. of water) followed 
by 10% aqueous sodium hypochlorite (7-5 ml.) was added to N-methyl-o-nitrobenzamide (1 g.), 
and the mixture was vigorously stirred for 1 hr. The pale solid was filtered off, washed, and 
dried in vacuo. N-Chloro-N-methyl-o-nitrobenzamide (1-14 g., 96%) so formed had m. p. 82— 
83-5° (Found: available Cl, 32-6. C,H,O,N,Cl requires Cl, 33-1%). Crystallisation from light 
petroleum (b. p. 60—80°) gave colourless needles, m. p. 80—81° (Found: Cl, 32-7%). 

N-Chloro-N-methyl-m-nitrobenzamide.—A mixture of N-methyl-m-nitrobenzamide (1 g.), 
10% aqueous potassium hydrogen carbonate (50 ml.) and 10% aqueous sodium hypochlorite 
(10 ml.) was stirred for 2hr. The nearly colourless product was filtered off, washed, and dried 
in vacuo. The N-chloroamide (1-16 g., 97-5%) had m. p. 75—76-5° (lit.,4 76—77°) (Found: Cl, 
32-5%), and separated as needles [from light petroleum (b. p. 80—100°)] of same m. p. and 
Cl content. 

N-Chloro-N-methyl-p-nitrobenzamide.—Stirring N-methyl-p-nitrobenzamide (5 g.) with 5 
times the quantities given for the meta-isomer for 2} hr. gave N-chloro-N-methyl-p-nitrobenzamide 
(4:39 g., 72%) as a pale yellow powder, m. p. 85—86° (Found: available Cl, 33-1%). The 
compound formed hexagonal plates, m. p. 85—86°, from light petroleum (b. p. 40—60°). 

N-Chloro-N-methyl-p-toluamide.—N-Methyl-p-toluamide (1 g.) was stirred with 10% aqueous 
potassium hydrogen carbonate (50 ml.) and 10% aqueous sodium hypochlorite (10 ml.) for 3 hr. 
Isolated by means of chloroform as in the first three cases, the N-chloro-amide (1-1 g., 89%) was 
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obtained as a colourless oil (Found: available Cl, 38-3. C,H,gONCI requires Cl, 38-7%), ,** 
5591. 
N-Chloro-N-methylacetamide.—A mixture of N-methylacetamide (1 g.), 10% aqueous potassium 
hydrogen carbonate (50 ml.), and 10% aqueous sodium hypochlorite (10 ml.) was stirred for 
lhr. The resulting colourless solution was extracted with ether, the extract dried, and the sol- 
vent cautiously removed in vacuo. Distillation then furnished N-chloro-N-methylacetamide 
(0-21 g.) as a colourless “ volatile ’’ oil, b. p. 34—35°/10 mm. (Found: available Cl, 64-5. 
C,H,ONCI requires available Cl, 66-0%). 

Decomposition of N-Chloro-N-methylbenzamide.—N-Chloro-N-methylbenzamide was left at 
room temperature in daylight for approximately 2 weeks. A small amount of solid material 
separated. The viscous material was chromatographed in chloroform on silica. Elution with 
chloroform gave ca. 25% recovery of liquid products: elution with chloroform containing 5% of 
ethanol then gave the major fraction (ca. 55%) of a solid, purified by crystallisation from 
benzene, and identified from its infrared spectrum and m. p. and mixed m. p. 223° as methylene- 
bisbenzamide (Pulvermacher 5 gives m. p. 219°). 

N-Chloro-N-methylbenzenesulphonamide.—The sodium derivative of N-methylbenzene- 
sulphonamide (11-2 g.) was added to aqueous 50% acetic acid (120 ml.), followed by 5-5 ml. of 
t-butyl hypochlorite, and the mass was vigorously stirred for 15 min., then diluted with water 
to 250 ml., and the crystalline precipitate was filtered off and dried in vacuo [yield 8-6 g.; m. p. 
78° (lit.,° 81°) (Found: available Cl, 34-4. Calc. for C;H,SO,NCI: Cl, 34:5%). 

N-Chlovo-N-methyl-p-toluenesulphonamide.—N-Methyl-p-toluenesulphonamide (2-16 g.), dis- 
solved in glacial acetic acid (20 ml.), was added to t-butyl hypochlorite (1-35 g.), and the mixture 
stirred for $ hr. and poured into water (200 ml.). The precipitate was filtered off and dried 
(yield 1-2 g.; m. p. 81° (lit.,® 82°) (Found: available Cl, 30-6. Calc. for C,H,,ONCIS: Cl, 
32:3%). 

a A AE eet sodium derivative of N-methyl-p- 
bromobenzenesulphonamide (1-5 g.) was stirred for 1} hr. with t-butyl hypochlorite (0-55 ml.) 
in glacial acetic acid (10 ml.). Working up as usual and recrystallisation from light petroleum 
(b. p. 40—60°)-chloroform gave p-bromo-N-chloro-N-methylbenzenesulphonamide, m. p. 86—87° 
(0-92 g.) (Found: available Cl, 24-8. C,H,SO,NBrCl requires Cl, 25-0%). 

N-Chloro-N-methyl-m-nitrobenzenesulphonamide.—N-Methyl-m-nitrobenzenesulphonamide (5 
g.), dissolved in acetic acid (60 ml.), was stirred for 14 hr. with t-butyl hypochlorite (2-75 ml.). 
The mixture was poured into ice-water, and the precipitate filtered off, washed, and dried. The 
product, N-chloro-amide (4-8 g.), recrystallised from ether-chloroform at —78°, had m. p. 
135—136° (lit.,° 136°) (Found: available Cl, 27-0. Calc. for C;H,O,N,SCI: Cl, 28-4%). 

Colour Reactions—When N-chloro-N-methylbenzamide in dioxan is added to certain 
phenols dissolved in aqueous sodium hydroxide, a colour develops. Thus blue colours develop 
immediately with guaiacol, o-cresol, m-cresol, and o-chlorophenol, the first and second becoming 
green on storage; with p-chlorophenol, a green colour develops slowly; transient red and 
yellow colours appear with «- and @-naphthol respectively; no change is observed with o- or 
p-nitrophenol. 

Kinetic Measurements.—Buffer solutions were prepared from sodium hydroxide, boric acid 
(“ AnalaR’’), and distilled water. -Nitrophenol was recrystallised before use. The N- 
chloro-compounds were freshly prepared as indicated above. 

The following experiment is representative for the N-chloro-N-methylbenzamides. 

p-Nitrophenol (6-95 g.) was dissolved in N-sodium hydroxide (50 ml.) and diluted to ca. 
100 ml. The pH was set to the desired value by using N-sodium hydroxide and 0-1m-boric acid, 
and the volume was adjusted to 250 ml. by addition of the buffer solution. 

N-Chloro-N-methyl-o-nitrobenzamide (ca. 0-6 g.) was shaken for 1 hr. with the selected 
buffer solution (500 ml.) at 25°. The filtrate (450 ml.) and the p-nitrophenol solution were 
separately equilibrated at the reaction temperature (25-1° + 0-05°); 50 ml. of the p-nitrophenol 
solution were then added to the solution (450 ml.) of the N-chloro-compound, and the mixture 
was shaken, and replaced in the thermostat bath. The mixture was thus initially 0-02m in 
p-nitrophenol. Periodically aliquot parts (50 ml.) were removed, treated with 10% aqueous 
potassium iodide (10 ml.) and glacial acetic acid (10 ml.), and the liberated iodine was estimated 
by titration with 0-025n-sodium thiosulphate; no readings were taken after at most 10% of 
p-nitrophenol had been consumed. 

® Chattaway, J., 1905, 145. 
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The experimental procedure for the N-chloro-N-methylbenzenesulphonamides is a modific- 
ation of the above. For example, the m-nitro-compound (ca. 0-2 g.) was dissolved in dioxan 
(25 ml.), and the buffer solution (570 ml.) was then added. The solution was left 
(with occasional shaking) for 2 hr., filtered into dioxan (5 ml.), left for 4 hr., and filtered. The 
filtrate and the standard p-nitrophenol solution were separately equilibrated at 25-0° + 0-05°, 
To the filtrate (450 ml.) was then added the desired volume of the p-nitrophenol solution, and 
the volume was adjusted to 500 ml. The reaction was followed kinetically by the previous 
method. 


The authors thank Dr. E. R. Wilson for valuable discussion and the Directors of 
Thomas Hedley and Co. Ltd. for permission to publish. 
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743. The Kinetics of the Oxidation of Ethylene by Nitrous 
Oxide. 


By A. B. TRENWITH. 


The oxidation of ethylene by nitrous oxide has been investigated at 
temperatures between 555° and 602° and at pressures from 20 to 100 mm. 
The reaction is homogeneous and the principal products are nitrogen, carbon 
monoxide, methane, and ethane; small amounts of acetaldehyde, hydrogen, 
and hydrocarbons of high molecular weight are also formed. The overall 
reaction is complex, consisting of both the oxidation of ethylene and its free- 
radical induced polymerization. In the initial step, acetaldehyde is formed; 
this is followed by the reaction of ethylene with free radicals derived from 
the decomposition of acetaldehyde. 


A MAJOR product of the reaction of ethane with nitrous oxide is ethylene. Ethylene 
itself, however, reacts readily with nitrous oxide at 580°.42 A more detailed investigation 
of the ethylene reaction has shown that it involves both the oxidation and the poly- 
merization of ethylene. The initial step is a bimolecular reaction between ethylene and 
nitrous oxide. This system therefore differs from others in which molecules are oxidised 
by nitrous oxide, since these former depend upon an initial splitting either of the nitrous 
oxide into nitrogen and atomic oxygen,’ or of the other reactant into two free radicais.»*4 


EXPERIMENTAL 

Materials.—Pure nitrous oxide was obtained as before. Ethylene, from a cylinder, was 
frozen in a liquid-nitrogen trap and, after the non-condensable gases had been removed by 
pumping, was distilled in a low-temperature, Podbielniak-type column. A middle cut of the 
fraction of b. p. — 104° was collected. 

Apparatus and Procedure.—These were as described previously,? except that the condensable 
products were analysed with a Perkin-Elmer gas chromatography apparatus. Nitrous oxide, 
ethylene, and ethane were determined by use of a column of active carbon (40—70 B.S.S.) 
at 72°, and a didecyl phthalate column at room temperature was used to estimate acetaldehyde, 
For each hydrogen was the carrier. Chromatogram peaks were identified both by the mass- 
spectrometric analysis of gas leaving the columns, and by a comparison of the peaks obtained 
with those produced by pure compounds. 

1 Kenwright, Robinson, and Trenwith, J., 1958, 660. 

* Kenwright and Trenwith, J., 1959, 2079. 

* Melville, Proc. Roy. Soc., 1933, A, 142, 524; 1934, A, 146, 737; Robinson and Smith, J., 1952, 


3895; Bell, Robinson, and Trenwith, J., 1955, 1440. 
* Smith, J., 1953, 1271. : 
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To obtain a complete analysis of the products, mixtures of 100 mm. of nitrous oxide + 100 
mm. of ethylene were heated at 580° for periods up to 10 min. Measured amounts of the 
condensable products were taken from duplicate runs and separately analysed for acetaldehyde, 
and for nitrous oxide, ethylene, and ethane. This led to some inconsistency in the results, as 
appears from the deviation of the points from the nitrous oxide curve in Fig. 1, since the more 
volatile condensable products, when transferred to the gas burette, would tend to concentrate 
at the top and it was from there that samples were subsequently withdrawn. To obtain kinetic 
data on the reaction, only the nitrous oxide in the products was determined and, to avoid 
errors arising from inadequate mixing, much smaller quantities of the reactants were employed 
(15—25 mm. of nitrous oxide and 20—40 mm. of ethylene) and all the condensable products 
were passed through the gas-chromatography apparatus. 


RESULTS 


1. The Products of the Reaction.—The plot of products formed against heating time for 100 
mm. of nitrous oxide plus 100 mm. of ethylene at 580° is shown in Fig. 1. Of the ethylene 


Fic. 1. Products of the pyrolysis of 100 mm. of nitrous oxide + 100 mm. of ethylene ai 580°. 
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which reacted during 5 min., 70% can be accounted for; the missing material had the empirical 
formula CH, and is believed to be polymeric. Thus a mass-spectrometric analysis of a sample of 
the condensable material showed the presence of small amounts of hydrocarbons with three, 
four, and five carbon atoms in the molecule. There were three small chromatogram peaks of 
samples passed through the didecyl phthalate column which followed the acetaldehyde peak. 
Attempts to identify the compounds causing these peaks were unsuccessful because of the very 
small amounts involved. In time a tar slowly appeared in the capillary leading to the reaction 
vessel, but the total amount collected was insufficient to permit its identification. 

The strong evidence that the amount of ethylene polymerizing is comparatively small, 
differs from the findings of Steacie and MacDonald § who, from a qualitative examination of 
the ethylene-nitrous oxide system at the slightly lower temperature of 530°, concluded that 
large amounts of tar and other condensable materials were formed. (Presumably the lower 
temperature favours the formation of high molecular weight products.) 

An examination of the curves for carbon monoxide, methane, hydrogen, and ethane shows 
that the rates of formation of these products must increase during the early stages of the 


5 Steacie and MacDonald, Canad. J. Chem., 1935, 12, 711. 
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reaction, as a smooth curve drawn through the experimental points cuts the time axis at 
approximately 5 sec. The rate of formation of acetaldehyde is almost constant during the 
first 15 sec. and is approximately equal to the rate at which nitrous oxide disappears; there- 
after the former falls rapidly to zero and the amount of acetaldehyde present subsequently 
decreases very slowly. Thus it is concluded that acetaldehyde is a primary product and that 
carbon monoxide, methane, hydrogen, and ethane are secondary products. 

2. Kinetic Measurements.—Mixtures of ethylene and nitrous oxide were heated at 555°, 
567°, 580°, and 590° and the course of the reaction was followed from the increase in pressure 
with time. Runs were performed with constant initial pressures of nitrous oxide and varying 
initial pressures of ethylene and vice versa. The graphs of the initial rate of change of pressure 
against pressure of the variable reactant are shown in Fig. 2. The logarithmic plots of these 
points yielded the rate equation: dp,/d¢ = k[N,O]**(C,H,)°”®. 


Fic. 2. Variation of initial reaction vate with the pressure of each reactant (o, 100 mm. of nitrous acid; 
+, 100 mm. of ethylene). 
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The graphs for constant pressures of nitrous oxide are very nearly straight lines when 
pressures of ethylene are less than 100 mm. If we make the approximation that in this region 
the reaction is of first order with respect to each reactant, the slopes of these lines give: 
k = 10** exp (—38,000/RT) 1. mole™ sec.!. 

Runs performed in a packed vessel showed that a ninefold increase in the surface area had 
no measurable effect upon the rate. 

Other experiments were performed at 580°, 590°, and 602° in which the initial pressure of 
each reactant was varied as before, and in which the reaction was followed by removing 
condensable products and determining their content of nitrous oxide. The initial slopes of the 
curves of [N,O] versus time were determined, and from these, graphs of —d[N,O]/d? versus the 
concentration of ethylene and of nitrous oxide were plotted. The points lay close to straight 
lines passing through the origin, which suggested a first-order dependence of each reactant, but 
the results were too scattered to permit an exact estimate of the orders. If we assume a first- 
order dependence, the rate constant from the analytical results is given by: k= 
10'°-1 exp (—39,000/RT) 1. mole™ sec.~. 

The two expressions for & are in good agreement and a close correspondence is to be expected, 
since total pressure change is simply related to the corresponding change in pressure of nitrous 
oxide during the reaction. Thus for 100 mm. of nitrous oxide + 100 mm. of ethylene at 580°: 


—Apy,o = 1-44 ota- 








a eoewmm ax pee ee 666 


xis at 
1g the 
there- 
uently 
d that 


555°, 
essure 
irying 
essure 
these 


acid; 


vhen 
gion 
sive: 


re of 
ving 
the 
; the 
ight 

but 
irst- 


ted, 
rous 











(1960) Oxidation of Ethylene by Nitrous Oxide. 3725 


DISCUSSION 
The following scheme is suggested to account for the experimental results: 


C,H, + NSO ——® CH,CHO+N, ©... --. = (I 

CHa°CHO ——& CH» +CO+H ....... @ 

H* + C,H, ——> C,H; edhe? OO Ee) JOP ae 

or —P> H,+ C,H; bh RES INS) SIG 
CH,’ + C,H, —— C;H,° a off EL UP Sip eee shi egy 

or ——& CH,+C,Hy - - - - - - « « & 
C,H;° + C,H, —— C,H, BR ile! RE A ee 

or —& CH,+CHys . - ----- - 
C,H ° + C3H,° (or CyHy*) ——® products . . . . . - - « - - (Y 


The rate equation derived from pressure-time measurements indicates that the actual 
mechanism is more complex, but the above reactions are evidently the important ones 
since they account satisfactorily for all the analytical results. There is no obvious reason 
for the small divergences from unity of the experimentally determined orders. The 
decomposition of nitrous oxide itself, although very slow at the temperatures used, may 
play a significant part at higher pressures, and this reaction has an order of roughly 1-5 with 
respect to nitrous oxide at the pressures used. The derived rate constant must approximate 
to that for reaction (1), which therefore has an activation energy of about 38 kcal. 

There cannot fail to be other radical recombinations besides reaction (9) but these have 
been neglected since, under the experimental conditions, reactions (3)—(8) must be fast, 
and hence radical concentrations will be very small. Previous work? has shown that 
neither hydrogen atoms nor methyl radicals react measurably with nitrous oxide under 
the experimental conditions and, further, the reaction between ethyl radicals and nitrous 
oxide, which has an activation energy of 31 kcal.,? will be slow compared with reaction 
(7), for example, for which an activation energy of 5-5 kcal. has been reported.® 

Reaction (1) might be expected to yield ethylene oxide rather than acetaldehyde, but 
a comparison of the chromatograms obtained from the condensable products with those 
produced by pure acetaldehyde and ethylene oxide proved that none of the last was formed. 

The shape of the acetaldehyde curve indicates that reaction (2) must be rapid. It has 
been found ? that the addition of nitrous oxide markedly increases the rate of decomposition 
of acetaldehyde, and this would therefore seem to be due to the effect of nitrous oxide on the 
initial step in the acetaldehyde decomposition. As the concentration of acetaldehyde is 
always very small, possible metathetical reactions between it and free radicals have been 
disregarded. 

As will be shown later, k,/k, ~10. If we assume that d[CH,-CHO}/dt = 0, which is 
almost true after a reaction time of 4 minute, then from the proposed mechanism: 
d(C,H,]/d[N,O] = 3-9. The experimental value corresponds closely to this; during 
the first } minute the ratio is approximately 3-5, indicating the essential validity of the 
suggested mechanism. 

If we adopt the notation that Rx represents the initial rate of formation of the substance 
X, according to the reaction scheme, Roo = Ry. and hence assuming reactions (3) and (4) 
are fast, Roo — Ry, = Roy,.. Then kg/ky = (Roo — Ru,)/Ru,, which from the experi- 
mental results, equals 9-8. A value of 4-1 kcal. has been reported for the activation energy 
of reaction (3) 7 (although this value is probabiy low; see ref. 8, page 284), so that, provided 
the A factors for the two reactions are the same, reaction (4) should have an activation 
energy of 8-0 kcal. 4 

In a similar manner k;/k, = (Roo — Rou,)/Ron, = 1-2. 

* Pinder and LeRoy, Canad. J.'\Chem., 1957, 35, 588; Lampe and Field, ibid., 1959, 87, 995. 


7 Darwent and Roberts, Discuss. Faraday Soc., 1953, No. 14, 55. 
* Trotman-Dickenson, ‘‘ Gas Kinetics,’ Butterworths Scientific Publications, London, 1955. 
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According to the results of Mandelcorn and Steacie ® E; = 7-0 + 1-5 kcal. and A; 
10%4 ml. mole sec. and Steacie and Trotman-Dickenson *0 give E, = 10-0 + 0-4 lea 
and A, = 10% ml. mole™ sec.+. From these k,/k, at the experimental temperature is 
58. Although this figure is appreciably different from the experimental value it is noted 
that, if we take values of 8-5 and 9-6 kcal. for E; and E, which are within the stipulated 
limits of experimental error, k,/k, becomes 1-9, in much better agreement with the experi- 
mental result. Using the value E; = 8-9 kcal." and taking E, = 10-0 kcal., we again 
arrive at a value of 1-9 for k;/Rg. 

The above procedure can also be applied to the two possible reactions of ethyl radicals: 
Ron, = 1:18 and Roy, = 0°28, hence k,/k, = 3-2. E, has been found to be 5-5 kcalé 
so that, with the same proviso as before, E, = 7-5 kcal.* 

Values for E, and E, have not been found in the literature, but the figures reported 
here are of the order of those obtained for the activation energies of related reactions.§2 


CHEMISTRY DEPARTMENT, 
KinG’s COLLEGE, NEWCASTLE UPON TYNE, 1. [Received, December 18th, 1959.} 


* James and Steacie '* reported the activation energy for the addition of ethyl radicals to alk-1-enes 
to be 7-0 kcal. This slightly higher value for E, yields E, = 9-0 kcal. 


* Mandelcorn and Steacie, Canad. J. Chem., 1954, 32, 79. 

10 Trotman-Dickenson and Steacie, J. Chem. Phys., 1951, 19, 169. 
11 Brinton, J. Chem. Phys., 1958, 29, 781. 

12 James and Steacie, Proc. Roy. Soc., 1958, A, 244, 289. 





744. Decay of Fluorescence. 
By W. S. METCALF. 


If solutions that fluoresce are excited by light whose intensity is modul- 
ated, the intensity of the fluorescence is also modulated at the same frequency 
but there is a phase lag which is related to the rate of decay of the fluorescence. 
Measurements of this phase lag have been used to calculate the mean life of 
optically excited molecules whose concentration decays exponentially. 

The decay of the fluorescence of solutions containing quenching sub- 
stances, or containing more than one fluorescent species, is usually not 
exponential, but measurements of the phase lag can still give information 
about the rapid processes occurring in such solutions. 


As the examples below will show, the kinetic analysis of a fluorescent system commonly 
leads to equations of the following form: 


%=ax +py + yl 
y = ax + by + cl (1) 
(= mx + ny 


x, y, I, and f are time-dependent. The other symbols are functions of the rate constants 
and concentrations which describe the rates of the various processes by which the optically 
excited molecules lose their energy; x and y are the concentrations of excited species, 
I and f are the intensities of the exciting light and of the fluorescence, respectively. If 
I is modulated, it can be expressed as a Fourier series 


I=1,+ 1, sin ot + I, sin 2of... 
If J is constant only the first term is retained. 
The equations (1) can be transformed by standard methods ? into 
#+ Pi+Qx=RI+S'I 
j+Py+Qy= rr + $1} 
fe + PF + OF = RI + SI 


1 Murray, “ Introductory Course in Differential gi we Longmans, Green and Co., London, 
1910, § 98. 


(2) 
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where —P=2+6; Q=ab—fa; R=m($c — yb) +nya—a«); S= my + nc; 


” 


R' =@c—yb; R" =ya—ac; S=y; S” =e, 
The equations (2) are also in standard form whose solution ? in the case of f is 


face + cge™ + pom Ie! {en | e-™"(RI + Si)dt — em i e-™(RT + sivat} 
=" 2 


where m,, m, are the (negative) roots of m* + Pm + Q = 0. 

Integration and simplification yield a Fourier series, which for each harmonic contains 
both sine and cosine terms. For each harmonic these are combined into terms of the form 
f, sin (jot —¢). Then, when the transient terms c,e™‘ and c,e™ have become 


negligible, 
f=f, +f: sin (wt — $9) + fg sin (2at — $5) i. ~ a. ae 


The amplitude and phase of each frequency in the modulation of the fluorescence 
depends on P, Q, R, and S, and on the amplitude and phase of the corresponding frequency 
in the modulation of the exciting light. There are no cross terms. Consequently, it is 
sufficient to exclude unwanted harmonics in the detecting device, and it is unnecessary 
to attempt the difficult task of excluding them from the modulation of the exciting light. 
The terms in the series for J and for f are related as follows: 


A=RHQ - - - 2 eee es @ 
fa = I,/[Q? + w(P?-—2Q)+ of) 2. 2. 2 2. | 
tan ¢. = o(PR — QS + Sw)/[PR+(PS—R)] . . (6) 


For the higher terms o is replaced by its appropriate multiple. Experimentally, the 
terms are separated by tuned circuits in a fluorometer. Solutions for x or y are found by 
putting R’, S’ or R”, S” for R, S. 

In the particular cases which follow, only f, and ¢, are discussed, and the subscripts 
are therefore discarded. The subscript 0 when it appears refers to systems in which the 
concentration of quencher [Q] approaches zero. 

Applications.—{i) The following scheme describes the quenching of the fluorescence 
of some gases (A) by added substances (Q). 


A + hy —» At absorption 
A* ii A+ hv’ _ fluorescence 
A* — >A internal degradation 


A*+0 a products quenching 


All the coefficients of the equations (1) are zero except « = —(k, + kg + k,[Q]), and 
mand y. Therefore both P and Q/R have the value k, + kg + k4[Q]. It follows that 





tan do _ fo _ k{Q] 
tan $ —_— i — 1 a +h . . . . . . . (7) 
and ae, Ce eee 


Taken together, these expressions enable the absolute value of k, to be found. The 
result, tan ¢,/tan ¢ = f,/f, has been used ® to calibrate apparatus for measuring tan ¢. 
When solutions are used for this purpose the scheme above is usually inadequate and such 
a calibration would be inaccurate [cf. equations (10), (11) below]. The result f/f = 
1 + R,[Q]/(k, + kg) is a form of the well-known law of Stern and Volmer.‘ 


* Ref. 1, pp. 58, 62. 


we and Rollefson, J. Chem. Phys., 1953, 21, 1315, where reference is made to earlier measure- 
ments, 


* Stern and Volmer, Phys. Z., 1919, 20, 188. 


2 
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(ti) In solutions, account must be taken of the different behaviour of fluorescent 
molecules which are excited when they are beside and when they are distant from quencher 
molecules. A scheme 5 which makes this distinction follows: 


A+Q=— AQ 


4 AQ]e’ 
[Ale «|! Oe 


1 
A* + Q== A*O —» Products 
5 5’ 


Fluorescence 


Processes 1 and 2 are the formation and break up of encounters, 3 is quenching, 4 
internal degradation, and 5 fluorescence. Although there is no difficulty other than 
complexity in maintaining the distinctions implied by the primes, it is not usually necessary 
to do so, in which case if x and y stand for [A*] and [A*Q] then « = —(k, +k, + k,[Q)); 
a = k,[Q); B= h,; b = —(hy + hy + hy + he); y = [A]/([A] + [AQ]; c= 
[AQ/([A] + [AQ]; m=n=1. 

If k,/k, is written as K, there follows 


uo 


R,[Q] + ke + rrko + hy + ks 





fe 1+ (Q] (9) 


This expression is equivalent to one derived earlier 5 and tested experimentally. 

The expression for tan ¢,/tan ¢ does not reduce readily to a simple form for the general 
case, but two special cases lead to simple results. 

(a) When almost every encounter results in quenching, kg >k,. Then 





Bee Ug 
e = (1+ gy (Ol) + KIO) acca BS ani 

tan ¢ k 
and any = (1+ 5-2 2) Ship Lb) aay, gl 
and tan¢d,=af(k,+h) . ..... . . (12) 


From (10), (11), and (12), 2,, k,, and K may be calculated. 
(6) When encounters seldom result in quenching, k,; <k,. In this case 





fo _ tan do _ kgK({Q)/ (hg + 4s) 
| ae 1+ T+ RQ] s ih coe 
and tan¢,=of(ks th) . . ... ss (1% 


(iii) This example has to do with studies of energy transfer between molecules in 
solution. Bowen and Brocklehurst ® found that addition of perylene (B) to a fluorescent 
solution of 1-chloroanthracene (A), in circumstances where all the light was absorbed by 
A and emitted by B, raised the measured quantum efficiency of the fluorescence from the 
value 0-05 of A alone to 0-25. They attributed this rise to a fast transfer of energy from 
A to B before it is degraded by the process responsible for the low fluorescence efficiency 
of A. The scheme is 


1 lV 
A— > A* —~> Bt —~ Fluorescence 
| — 


5 Melhuish and Metcalf, J., 1954, 976. 
* Bowen and Brocklehurst, Trans. Faraday Soc., 1953, 49, 1131. 
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R is the rate of transfer of quanta by the novel process proposed; 1, 1’ are fluorescence 
emission from A* and B*, 2, 2’ are internal degradation processes which are responsible 
for the fractional quantum efficiencies E of A and B, thus 
E, = k,/(k, + R,) and Eg = k,'/(k,’ + -,’) 
The mean lives + of A* and B* are given by 
sa = (I/o) tan fa = 1/(Ry + a) 

t= (1/o) tan dy = 1/(hy’ + hy’) 
The coefficients in the equations (1) are «= —(k, +k, +R); a=k, +R; m=0; 
8=0; b= —(k,y' + hy’); n=h'; y=1; c=0. Whence 


_ fas _ En/Ea (zt 
Eua="T in ~+* =, +R) 


Bowen and Brocklehurst have measured E,, Ex, and E,p; +, and tg are accessible 
from phase-angle measurements, so R can be calculated. The theory is now able to be 
tested by its ability to predict +43 = (1/@) tan ¢,4z by the relation below, which follows 


from (6). , ' ie 
a= (245 tL E( +8) - | 


(iv) A further example occurs when a fluorescent acid is in equilibrium with its conju- 
gate base in a buffered solution. A theoretical and experimental study of such a case 
is reported in the following paper. 


UNIVERSITY OF CANTERBURY, 
CHRISTCHURCH, NEW ZEALAND. (Received, December 21st, 1959.] 





745. Fluorescence and Ionisation Rate of an Acid. 
By W. S. METCALF. 


If the fluorescence of an acid differs from that of its conjugate base, the 
fluorescence changes with the hydrogen-ion concentration. If ionisation 
is much slower than the emission of fluorescence, the acid and base absorb 
and emit light independently, except that they compete for the exciting 
light. If ionisation is not much slower than emission, the intensity and half- 
life of the fluorescence change quite differently with hydrogen-ion concen- 
tration. The rate constant for the ionisation of the acid form of 9-methyl- 
10-morpholinomethylanthracene is found in this way not to exceed 10® sec.-1. 


WELLER }? has shown that the rate constants describing the ionisation of the excited form 
of 8-naphthol can be deduced from the variation of its fluorescence with pH, and Kokubun ° 
has studied acridone in acid solutions. 


Me Me 
- +f \ 
(1) N e) HN e)] (II) 
oo Nianaihs 


9-Methyl-10-morpholinomethylanthracene (I) was made by us for another investigation 
with the intention that the acid—base system in the molecule should be insulated by the 
1 Weller, Z. Elektrochem., 1952, 56, 662. 


* Weller, Z. phys. Chem. (Frankfurt), 1955, 3, 238; 1958, 17, 224. 
* Kokubun, Z. Elektrochem., 1958, 62, 599. 
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methylene group from the site of the optical transition in the aromatic system. The 
absorption spectra of the acidic and the basic form are similar, but not identical (Fig. 1). 
The acid fluoresced strongly but, unexpectedly, the base fluoresced only very faintly. The 
fluorescence of anthracene is weakly quenched by amines; in this base the amino-group 
is favourably placed to quench the fluorescence rapidly. 

It seemed that a study of the fluorescence of buffered solutions of compound (I) might 
yield a value for the rate at which optically excited ions (II) lose protons to give the base 
(I), because such a process would provide a route other than fluorescence by which excited 
molecules could disappear. To this end the relative fluorescence intensities of solutions 
of the same stoicheiometric concentration (10-'m) of (I) in acetate, bicarbonate, phosphate, 
and ammonia buffers were measured, with the result shown in Fig. 2. 

Fic. 1. Absorption spectrum of 9-methyl-10- 
morpholinomethylanthracene. — s 
IG. 2. 


Bicarbonate — —Ammonia—- 
-Acetate- = Phosphate— ; 
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There are at least two schemes (as shown) containing known or plausible reactions 
which lead to the observed effect of hydrogen-ion concentration on fluorescence intensity, 
and there is an ambiguity in each which can be resolved by measuring the average lifetime 
of the excited molecules. « is the fraction of the incident light J which is absorbed by (II) 


kh,’ kh,’ 
(1) === (1) + Ht (II) + OH- — (I) + H,O 
aff af al I hy ot 
ky oy 
(I1*) ——= (I*) + Ht (II*) + OH- === (I*) 
ky hy 
ff t 
Fluorescence Fluorescence 
Scheme I Scheme II 


and 8 that which is absorbed by (I); &, and k, describe the internal degradation of energy 
in (II*) and (I*). 
For scheme I 
G[II*}/dt = al — (ky + k, + R,){I1*) + &,[H*)[1*] vo eo ae 
d{I*}/de = BL + A, {11*] — (hy + AefH*] + %)0*] . . - (2) 
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and the intensity of fluorescence 
Sees ae oe ee 


If scheme II is adopted, k, and k,[H*] are replaced by k,[OH™~] and k, respectively, 
throughout this paper. 

The equations (1), (2), (3) can be solved * for f. When J is constant, the result is most 
readily expressed as the quantum efficiency E = f/I, which is found to be 


uF 1 + ke[H*}7(1 + 8/a) 1 + Ayzn(1 + @/8) \ 
ies Ex} ey mire + eB tinted ll 


Ey, E; are the quantum efficiencies of (II) and (I) given by h;/(R; + 4) and Ry’ (ky) + hg), 
respectively. ty, t, are given by 1/(k_ + ky) and 1/(ky’ + 3), and are the average life- 
times of (II*) and (I*) in acid and alkali, respectively. 

When the emission of fluorescence is fast compared with the acid-base reactions the 
terms in braces in (4) become unity, giving 


E = aE ut BE; . . . . . . . . (5) 


The fluorescence from each species depends only on the fraction of the exciting light 
it appropriates and the efficiency with which it is converted into fluorescence, 


a WWer/ (Wer - [TJex) and « at. Ic} =z | 


where the molar extinction coefficients ey, ex refer to the frequency of the exciting light 
(3650 A). Therefore equation (5) may be rearranged to 


t-BG- B-day + O 


where K = [I)[H*]/{II] = &,'/k,’ and is the ionisation constant of the unexcited 
acid (II). 

As the curve of Fig. 2 shows, this equation describes the experimental results correctly 
if K = 10° mole 1. and f{//n = 0-012. Now 10% mole 1. is an unusually high value 
for the ionisation constant of the acid form of a tertiary alkylamine. Moreover, the 
experimental results in Fig. 2 are accounted for equally well by the supposition that the 
emission of fluorescence is slow compared with the acid-base reactions. In this case 
equation (4) becomes 








K er 1 Ey TIT Kk* 








io + y. (H*) en En = [H*] (2) 
fis 1+ a bp ats k* 
[H*] Jj t ([H*] 


where K* = k,/ky, which is the ionisation constant of the excited acid (II*). 

The molar extinction coefficients e;; and e; of acid and base are so nearly equal at the 
wavelength of the exciting light (3650 A) that the term in braces is indistinguishable from 
unity. The rest can be arranged in the form 


fi—f\ ff fh an oe : Sivbas Jen Se 


which also describes accurately the data in Fig. 2 if K* = 10° mole 1.1 and 7/1 = 
0-012. The value 10% mole 1.+ is near that expected for the ionisation constant of the 
acid form of a tertiary alkylamine. The optical excitation is not expected to affect the 
ionisation constant noticeably in this compound. 

* Metcalf, preceding paper. 
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However, measurement of the phase delay of the fluorescence when the exciting light 
is modulated at 5 Mc./sec. shows that emission is fast compared with the acid-base 
reactions; and that the first interpretation requiring K = 10*¢ mole 1.* is the correct one. 

When the exciting light is modulated, its intensity can be described by a Fourier series, 


IT=1,+1,sinet+IJ,sin2oée+ . . . . . . (9) 
The solution * of equations (1), (2), (3), (9) is: 
f =f, +fasin (wt — 4.) + fgsin (20f—¢,) . . . . (10) 


where f, = EI, and E is given by equation (4), and tan ¢,, which is also a measurable 
quantity,® is given by 


tan ¢. = w(w*S + PR—QS)/[QR+o2(PS—R)} . . . (1) 


P, Q, R, S are functions of the rate constants, the concentrations, and the extinction 
coefficients, as follows: 


P = hy + hg + hy + hg + &, + A[H*] 

Q = (hp + By + Ry) (he + Fy + ke[H*]}) — ky k[H*] 

R = hefa(hy’ + hy + RelH*]) + halH*]} + hy'[aky + Ble + ha + AyD] 
S = hea + hy'B 


The expression for tan ¢, can be greatly simplified by the following approximations, 
justifiable for the present compound: 


a/6 — (11/1) ky|ke = ky'/k,'; ky > hk; (ref. 6) 


The expression that results is still too complex to quote in a form whose properties are 
obvious. Insertion of numerical values shows that if the rate of transformation of the 
excited acid to the base is greater than 2% of the rate of emission of fluorescence, then 
the average life of the excited acid molecules will be measurably reduced in the pH region 
near 6-6 where the fluorescence falls. Experiment shows that this is not the case: tan ¢, 
remains constant at a value corresponding to ty = 1-40 x 10° sec. as the pH is increased 
until f/f has fallen to 0-2, beyond which point tan ¢, can no longer be measured accurately. 
The conclusion is that k, is less than 0-02/7,, that is, less;than 1-4 x 10® sec., and that 
the ionisation constant of the unexcited acid is 10*® mole 1.1. 

A direct determination of the ionisation constant K by conventional methods failed, 
because the base, whose solubility in water is only 4 x 10m, does not equilibrate quickly 
with its solution in a buffer, and it is absorbed slowly on glass. The ultraviolet absorption 
spectrum of a solution buffered at [H*] = 10°*75 mole 1. showed both acid and base forms 
to be present, but did not allow the calculation of K because the spectra of the two forms 
are very similar, and the measurements were affected by fluorescence reaching the photocell 
of the Beckman recording spectrophotometer (see Fig. 1). 

For scheme I, K = 10** mole 1.1, tq = 1-4 x 10° sec., k, < 10% sec. If, as is 
expected, K = K*, where the asterisk refers to the excited species, then k, < 10!27 1. 
mole sec., and if, as is also expected ® from the similarity of the absorption spectra 
of (I) and (II), ky = R', then ty = 0-0127,; = 1-7 x 107 sec... 

For scheme II, K = 10° mole 1.1, ty = 1-4 x 10° sec., ky < 10%? sec.1, and with 
the approximations above, k, < 10% 1. mole™ sec. and +, = I: 7 x 107° sec. 

The large ionisation constant, 10*¢ mole 1.1, compared with that of other aliphatic 


® Bailey and Rollefson, J. Chem. Phys., 1953, 21, 1315. 
* Lewis and Kasha, J. Amer. Chem. Soc., 1945, 87, 995. 
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tertiary amines is noteworthy. The rate of proton loss is not anomalous compared with 
that of the oxygen and carbon acids.” 


EXPERIMENTAL 


9-Methyl-10-morpholinomethylanthracene, m. p. 137—138°, is made from morpholine and 
9-chloromethyl-10-methylanthracene,* and crystallises from ethyl acetate and from ether 
(Found: C, 82:8; H, 7:3; N, 4:7. CygH,,ON requires C, 82-5; H, 7-3; N, 48%). 

The solutions, freed from oxygen, were buffered by acetic acid and sodium acetate, by 
carbon dioxide (saturated at 1 atm.) and sodium hydrogen carbonate, by disodium hydrogen 
phosphate and hydrochloric acid, or by ammonia and hydrochloric acid. 

As the free base is absorbed slowly on glass, a concentrated solution of the alkaline buffer 
component was added from a micrometer syringe to a 10m-solution of the fluorescent com- 
pound in the dilute acid component of the buffer. Correction was made for the consequent 
small dilution of the fluorescent compound. The concentration of hydrogen ions was calculated 
from the concentrations of the various species present and their activity coefficients f, given by 
log f, = —0-50 2*4/u/(1 + +/u). The ionic strength » was near 0-0lm. The ionisation con- 
stants of the buffer acids recorded by Robinson and Stokes ® were adjusted to 20°. The quench- 
ing of fluorescence by the components of the buffer was not detectable at the concentrations 
used. 

The photometer for measuring relative fluorescence intensities (f/fj;) has been described.” 
The inequality of the dark currents of the photocells is corrected more easily by light from a very 
small neon lamp whose distance from the photocells is variable, than by adjusting the current 
in a hot filament lamp as described earlier. 

The fluorometer used to measure tan ¢, is based on that of Bailey and Rollefson.5 Details 
will appear elsewhere. Lifetimes are obtained directly from a nomogram prepared from the 
equations derived by Bailey and Rollefson. Our measurement of the average life of excited 
acridone (1-45 x 10° sec.) differs from that of Bailey and Rollefson (1-59 x 10%) by an amount 
much greater than the sensitivity of the apparatus (1 x 10° sec.). Sally G. Page has shown 
that the measured mean life of excited molecules of anthracene (2 x 10m to 4 x 10m in 
“ AnalaR ”’ benzene), of 9,10-diphenylanthracene (10m to 4 x 10m in ethanol), of acridone 
(saturated in water), and of quinine sulphate (2 x 10°%m to 2 x 10m in 0-01m-nitric acid), is 
constant over the range of concentrations quoted. Oxygen must be removed from these 
solutions, except in the case of quinine sulphate. These compounds were easily purified, and 
purification did not change the lifetime observed. The mean lives, measured on our apparatus, 
are 3-9 x 10°, 8-8 x 10°, 14-5 x 10°, and 20-5 x 10° sec., respectively. Measurements in 
other laboratories differ among themselves and from ours by more than the expected error. 
Until agreement is secured among several laboratories as to the precise values of these lifetimes, 
all measurements could, with advantage, be accompanied by a measurement on one of these 
substances of similar lifetime. Accordingly, ty = (1/w) tang, = 1-40 x 10° sec. at 20°. For 
acridone under similar conditions of absorption 


+ = 1-45 x 10° sec., @ = 2nv, where v = 5-000 x 10° c./sec. 


I gratefully acknowledge a New Zealand University Research grant, and the assistance of 
R. B. Richards and D. A. R. Happer, who repeated the intensity observations, of Philippa M. 
Wiggins, who checked the derivation of the expressions for f and tan ¢, and of A. C. Arcus who 
measured the spectra recorded in Fig. 1. 


UNIVERSITY OF CANTERBURY, 
CHRISTCHURCH, NEW ZEALAND. [Received, December 21st, 1959.) 
7 Bell, Quart. Rev., 1959, 18, 169. 
® Badger and Pearce, J., 1950, 2314. 
® Robinson and Stokes, “‘ Electrolyte Solutions,’’ Butterworths, London, 1955. 
1 Melhuish and Metcalf, J., 1954, 976. 
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746. ‘“‘ Citrylidene-malonic Acid’’: cis-1(Me),3(H),4(H)-cis-3(H), 
a(H)-1,8-Dihydroxy-3-p-menthylmalonic Dilactone.* 


By C. E. BerKorF and L. CRoMBIE. 


The compound C,,H,,0,, obtained by condensing citral with malonic 
acid in.the presence of pyridine, is the tricyclic dilactone (VI) named in 
the title. Each lactone ring has been opened and the products have been 
degraded to show the sizes and points of attachment of these rings: the 
skeleton has been established by degradation to (+)menthone, and 
structural conclusions have been verified by nuclear magnetic resonance 
spectra. Stereochemical and conformational proposals are made and the 
mechanism of formation is considered. Pyrolysis of the dilactone gave five 
products and these are reconciled with the structure proposed. Farnesal 
yields a similar tricyclic dilactone. 


“ CITRYLIDENE-MALONIC ACID,”’ C,,H,,0,, m. p. 191°, is formed when citral is condensed 
with malonic acid in the presence of pyridine,’ or when citral is condensed with malonic 
ester and the product is hydrolysed and acidified. Verley proposed structure (I; R = H), 
Griinhagen (II), and Kuhn and Hoffer, rejecting both these and the planar projections 
(III) and (IV), considered (V) to be correct. Structures (II) and (V) have received 
acceptance,*® despite scepticism in some quarters.”8 Structure (VI) is now proposed.t 
Writing this formula (VI) as a non-committal planar projection (IV) shows that it differs 
from Kuhn and Hoffer’s structure (V) only in the size and point of attachment of ring B, 
but it will emerge that most of Kuhn and Hoffer’s degradation products are incorrectly 
formulated in that when the ring B is removed with retention of the A, or the A ring with 
retention of ring B, the changes were represented by them as the reverse. 





S o—co 
yar cor AX? 
CO,R 
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(IV) (V)t (V1) 


“ Citrylidene-malonic acid ”’ is insoluble in sodium carbonate solution, lacks typical 
carboxylic acid vibrations in the infrared spectrum, and does not react with permanganate, 
tetranitromethane, bromine in carbon tetrachloride, or hydrogen over Adams catalyst. 


* Cf. Berkoff and Crombie, Proc. Chem. Soc., 1959, 400. 

+t This, and mechanisms for the formation and pyrolysis similar to those given below, were put 
forward by one of us and J. L. Tayler ® before detailed experimental backing was available. 

¢ In Kuhn and Hoffer’s paper * letters a and B are interchanged. All racemates are here represented 
as one enantiomorph. 


1 Verley, Bull. Soc. chim. France, 1899, 21, 414. 

Griinhagen, Diss., Heidelberg, 1898. 

Kuhn and Hoffer, Ber., 1931, 64, 1243. 

Vulfson and Shemyakin, J. Gen. Chem. (U.S.S.R.), 1943, 18, 436. 
Wotiz and Matthews, J. Org. Chem., 1955, 20, 155. 

de Tribolet, Gamboni, and Schinz, Helv. Chim. Acta, 1958, 41, 1587. 
Batty, Burawoy, Heilbron, W. E. Jones, and Lowe, J., 1937, 755. 
Simonsen and Owen, “‘ The Terpenes,’”” Cambridge, 1947, Vol. I, p. 99. 
Tayler, Thesis, London, 1956. ' 
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Acetone is not formed on treatment with ozone. These facts, together with lack of ultra- 
violet light absorption, rule out structures (I) and (II) and, as claimed,’ the substance is 
tricyclic and saturated. Kuhn and Hoffer found that when the “ acid ” was warmed with 
one equivalent of alkali a monodecarboxylated ‘‘ hydroxy-lactone A,” C,,H,,O3, was 
obtained, whereas refluxing with two equivalents of alkali, followed by acidification, led 
to an isomeric “ hydroxy-lactone B.”” ‘‘ Hydroxy-lactone A” can also be transformed 
into ‘‘ hydroxy-lactone B ”’ by the above procedure. Their structures will now be derived. 

The A hydroxy-iactone is cts-3(H),4(H)-1,8-dihydroxy-3-p-menthylacetic 1-lactone 
(VII; R= OH). It shows a 8-lactone band (1712s cm.~) and is resistant to acetylation 
and benzoylation: oxidation with chromic acid gives no ketonic product and in carbon 
tetrachloride (<0-005m; LiF) there is a free tertiary hydroxyl band” at 3618 cm.7. 
Further, cold hydrogen chloride in acetic acid converts “ hydroxy-lactone A” into 
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“ chloro-lactone A,” now formulated as (VII; R = Cl). Pyrolysis of the latter in a vacuum 
gives the isopropenyl-8-lactone (VIII), which when ozonised yields formaldehyde and the 
acetyl compound (IX). The latter has one broad band at 1718s cm. which must include 
both 8-lactone and ketone vibrations, since the 2,4-dinitrophenylhydrazone shows a strong 
but narrow band at the same wavelength (mull). The acetyl-lactone gave iodoform (66%). 


“tS hee 


(XIII) (XIV) (XV) (XVI) 
(NO,),C.H3- ae A: N* 
(NO) ,C,4H;*NH- a) G: "kin CO,Me 
(XVII) (XVIII) (XIX) 


When the chloro-lactone (VII; R= Cl) is dehydrochlorinated in pyridine the iso- 
propylidene-8-lactone (X) is obtained [vmax, (mull) 1717s cm.“"]. Ozonolysis yields acetone 
and the keto-8-lactone (XI) which gives negative iodoform, Schiff’s, and tetranitromethane 
tests. In the infrared region, the keto-3-lactone shows only a broad band at 1718s cm.* in 
the carbonyl region: this again’ is compounded of ketone and 8-lactone functions [2,4- 
dinitrophenylhydrazone, vmx, 1718s cm. (mull)]. The Zimmermann test ™ was still 


1 Cole, Miller, Thornton, and Willix, J., 1959, 1218. 
‘ Zimmermann, Z. physiol. Chem., 1935, 288, 257. 




























3736 Berkoff and Crombie: 


positive after the compound had been heated with alkali.* Dehydration of the hydroxy- 
lactone (VII; R = OH) with thionyl chloride and pyridine below 30° gave a mixture of 
both the isopropenyl- (VIII) and the isopropylidene-lactone (X), and hydrogenation of 
either of these, or of the chloro-lactone (VII; R = Cl), gave the saturated lactone (XII) 
(for stereochemistry, see below). 

“ Hydroxy-lactone B,”’ cis-1(Me),3(H),4(H)-1,8-dihydroxy-3-p-menthylacetic 1-lactone 
(XIII) is a 8-lactone (vmx, 1704s cm.) containing a tertiary hydroxyl group [vmx 3611 
cm. (<0-005m; LiF)]. When it is treated with hydrogen chloride in acetic acid, “‘ chloro- 
Jactone B” (XIV; R = Cl) was isolated: there was indication of a little “‘ chloro-lactone 
A,” presumably formed by opening of ring B and reattachment at Cy). Dehydrohalo- 
genation of the chloro-lactone (XIV; R = Cl), or dehydration of the hydroxy-lactone 
(XIII) with thionyl chloride in pyridine at 20°, gave a crystalline mixture of unsaturated 
8-lactones (XV) and (XVI). When ozonised, this mixture gave no volatile ketonic material, 
but the gummy product yielded a 2,4-dinitrophenylhydrazone which gave analyses for 
(XVII) or the equivalent from (XVI), indicating that the double bond lies in a ring and 
that the lactones belong to the 1,2-fused and not the bicyclo-series. Consistent is the 
fact that the saturated lactone (XII) can be opened by hydrogen chloride in methanol to 
yield the chloro-ester (XVIII; R =H) which on dehydrohalogenation and ozonolysis 
again gives no volatile ketone. 





cO.M 
O_o ~~ 
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™™ CH,-CO,R CH-CO2R CH-CO,H 
Cl ' R’ 
(XX) (XXII) (XXII) __ (XXIII) (XXIV) 


By repeated crystallisation of the mixture of unsaturated 8-lactones, one has been 
obtained pure and is identical with a 3-lactone, m. p. 64°, isolated by Schinz and his 
colleagues after a Reformatski reaction between citral and bromoacetic ester.6 The 
progenitor and point of origin of this were not clear, and they entertained structures (XV) 
and (XIX), favouring the former but expressing misgivings that the compound might be 
skeletally different from either. _From our work (see below) the skeletal structure is now 
certain and the preparation by Schinz.and his colleagues suggests that the double bond 
is as in (XV): if our stereochemical views are correct the lactone is cis-fused, and this 
agrees with the ready re-lactonisation of its acid. Our 8-lactonic mixture gives, as expected, 
the same dihydro-compound as does the lactone, m. p. 64°. These degradations establish 
the points of lactonic attachment as C,,) in the A, and Cy, in the B series. What follows 
defines the skeleton. 

When “ citrylidene-malonic acid” is treated with methanolic hydrogen chloride a 
saturated chloro-lactonic ester (vmax. 1739s, 1715s cm.1; ester and 8-lactone) giving 
analyses for (XX) or (XXI) is obtained. Hydrolysis of this, and then acidification, 
regenerate some “ citrylidene-malonic acid.”” On the other hand, treatment of hydroxy- 
lactone A or B (VII, R= OH; or XIII) with methanolic hydrogen chloride gives, as 
reported, a dichloro-ester which is now formulated as (XVIII; R=Cl). Dehydro- 
chlorination of the latter gave a diene-ester showing no high-intensity ultraviolet absorption 
(only unsaturated methyls detected, + 8-32 p.p.m.). Although this gave correct analyses 
and absorbed two mols. of hydrogen over a catalyst, gas—liquid chromatography showed 
that neither it nor the derived saturated ester [vmax. (liq.) 1739 cm.~!] was homogeneous. 


* Although this test is generally considered diagnostic for -CH,-CO* or -COMe groups, it has been 
found that the a-methylene of a number of lactones is activated sufficiently to give a positive reaction. 
If the lactone ring is opened by preliminary heating with alkali, the test is negative because the methylene 
grouping in the ion is insufficiently reactive. The matter is summarised in the Table (p. 3748). 
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The former is therefore non-committally represented as (XXII; R = Me) and the latter 
as (XXIII; R= Me, R’ = H) which is regarded as a mixture of geometrical isomers. 
Catalytic hydrogenolysis of the dichloro-ester (XVIII; R = Cl) also produced a stereo- 
isomeric mixture of esters (XXIII; R= Me, R’=H). The saturated ester was 
a-brominated and the «-bromo-acids (one was crystalline) were dehydrohalogenated. The 
resulting unsaturated acid, containing (XXIV) (infrared data), though contaminated with 
g-unsaturated material, was ozonised, and the 2,4-dinitrophenylhydrazone of the product 
was compared with specimens of (-+-)-menthone and (-+-)-isomenthone 2,4-dinitrophenyl- 
hydrazone. These were presented to us by Professor J. Read, to whom we are most 
grateful, and were accompanied by the warning that “it is very difficult to prepare pure 
specimens of the derivatives of these two ketones as they relapse so readily into equilibrium 
mixtures.”” Infrared and mixed m. p. data showed that all three 2,4-dinitrophenyl- 
hydrazones were virtually identical. Our degradation carries only skeletal and no stereo- 
chemical implication, and only the skeleton is considered to be established. “‘ Citrylidene- 
malonic acid ”’ has a p-menthane skeleton with a malonic residue at position 3: taken with 
establishment of lactonic attachment at Cq) and Cg, this provides full chemical proof of 
the planar-projection formula (IV). 

Independent support for the structures of “‘ citrylidene-malonic acid” and its degrad- 
ation products comes from nuclear magnetic resonance spectra.* Confirming the point 
of lactonic attachment in the saturated lactone (XII), the 1-methyl group appears as a 
sharp band at + 8-61 p.p.m. (methyl attached to carbon linked to lactonic oxygen), whilst 
the saturated CMe, grouping is represented as a doublet of twice the area at 9-08 (2-6 
c.p.s.) [cf. isopropylcyclohexane + 9-15 (doublet, 2-8 c.p.s.), 2,3-dimethylbutane 9-15 
(doublet, 5 c.p.s.)]. Similarly, the isopropylidene lactone (X) absorbs at + 8-62 (1-methyl) 
and 8-33 (=CMe,), whilst the isopropenyl lactone (VIII) has bands at 8-62 (1-methyl), 8-29 
(=CMe), and 5-33 and 5-22 (vinyl-protons probably environmentally distinguished). The 
ozonolysis product (IX) has the l-methyl absorption at 8-60 and acetyl-methyl absorption 
at 7°82. Representing the B-lactone series, compound (XV) has a doublet, + 8-64 and 
8-58 (environmental differentiation of the gem-dimethyl on C,,) due to lactonic attachment) 
of about twice the area of the =CMe group appearing at 8-33 (olefinic C-H, 4-68), As 
expected, attachment of chlorine to the carbon carrying methyl substituents lowers the 
t value still more than attachment of oxygen does. This is apparent in the dichloro-ester 
(XVIII; R = Cl), for which the 1- and the 8-methyl appear as sharp bands at 8-43 and 
8-38 respectively (ester-methyl, 6-30). In the chloro-lactone (VII; R = Cl) the 1-methyl, 
in agreement with the cases above, appears at 8-61 but the gem-dimethyl now at 8-38 
(single). The a-methylene absorption of the 8-lactones ranged from 7-40 to 7-60. ‘“‘ Citryl- 
idene-malonic acid ’’ itself showed three bands, at + 8-62, 8-58, and 8-54, indicating that 
the two 8-methyl groups have slight environmental distinction, as in (VI). It follows at 
once that since the band at 8-62 has the highest + value in the spectrum, oxygen attachment 
must be at C,,, and Cg, The C,-hydrogen is represented by the sharp doublet at 6-46 
(6-1 c.p.s.). The 4-hydrogen is probably accounted for by the weak, broad multiplet at 
6-98 (area the same as that of the C,-hydrogen doublet), whilst the complex of bands in 
the region + 8-1 contains methylene resonances and those of the 3-proton. In a recent 
note Hyne, Mole, and Wailes ™ have independently published a nuclear magnetic resonance 
spectrum for “ citrylidene-malonic acid” and have suggested lactonic attachment at Cg) 
rather than Cj. They have not, however, applied the above simple and decisive argument 
based on the chemical shift of methyl groups. 

In converting projection (IV) into a stereoformula, the 4-isopropyl grouping is con- 
sidered to be cis to the necessarily 1,3-diaxially fused lactone A. This follows from ready 
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* We thank Dr. L. M. Jackman for supervising the running of these spectra and for generous counsel 
on their interpretation. 


#2 Hyne, Mole, and Wailes, Chem. and Ind., 1959, 1446. 
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re-lactonisation to form lactone B and from the stereospecific catalytic hydrogenation of 
the isopropylidene lactone (X) into the same saturated lactone (XII) * as results from 
hydrogenation of the isopropenyl-lactone (VIII) and the chloro-lactone (VII; R = Cl), 
Adsorption of lactone (X) on the catalyst in the least hindered form (X XV) is assumed. 
In addition to this evidence, arrangement of the 4-isopropyl group trams to the lactone A 
would lead to bad contortion of all three rings. 

Using this information, with ring c in the chair form, leads to models with only minor 
angular strain if rings A and B are both chair (XXVIII) or both boat forms (XXIX). A 
model with trans-aB-fusion cannot be constructed and those built on a cis-relation of 
lactone A to isopropyl with ring c in the boat form involve considerable strain or steric inter- 
action. Choice of the formal all-chair (XXVIII) over the A-boat,B-boat,c-chair structure 
(X XIX) can be made on simple analytic grounds as the former lacks the opposed inter- 
actions of the «-3-hydrogen atoms and the opposed interactions of the lone-pair electrons 
of the lactonic-ether oxygen with carbon-carbon bonds. This may not be a final solution 
because there remains an unfavourable interaction [the same in both (XXVIII) and 
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CH,-CO;H 


(XXV) (XXVI) (XXVII) 


(XXIX)]} between one lactonic keto-oxygen atom and the'axial 5-hydrogen atom (~1-85 A). 
This interaction is virtually eliminated by flattening the lactonic tip of ring A in (XXVIII) 
or of ring B in (XXIX), or by flattening both lactonic tips in either model. The doubly 
flattened conformation, which staggers the trigonal lone-pair orbitals of the ketonic oxygens 
relative to those of the ether oxygens and which also shows partial staggering of the other 
non-bonded interactions mentioned, may be the best compromise for it explains the un- 
usual infrared spectrum of “ citrylidene-malonic acid ”’ which, in chloroform, has 8-lactone 
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bands at 1750s and 1705m cm.* (as a mull, at 1739s and 1698m cm."!). There is a fairly 
large angular separation of carbonyl dipoles in models (XXVIII) and (XXIX), but flat- 
tening of the tips of one or both lactones reduces this: in the latter event the carbonyl 
groups are virtually coplanar and vibrational coupling is maximal. Such coupling, which 
has been reported for malonic esters," satisfactorily explains the large separation of 
the lactone bands which otherwise has to be accounted for by postulating considerable 
strain (hybridisation change) “ in one lactone. It is not, however, intended to imply 


* By treating p-menth-l-en-3-ylacetic acid [obtained from (+)-piperitone] with hydrogen bromide 
a lactone, m. p. 76°, stated to be 1-hydroxy-3-p-menthylacetic lactone, was isolated.* It is different 
from our cis-lactone (mixed m. p., and infrared criteria) and is probably the trans-isomer (X XVI) derived 
from the trans-precursor (XXVII). A minor lactonic product,* m. p. 38°, may, from its infrared 
spectrum, be a cis-trans-mixture. We thank Dr. Schinz for the two specimens, 


48 Abramovitch, Canad. J. Chem., 1958, 36, 151; 1959, 37, 361, 1146. 
™ Hall and Zbinden, J. Amer. Chem. Soc., 1958, 80, 6428. 
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that the lactones are necessarily identical in this respect, for hydrolysis * of ring B in 
“citrylidenemalonic acid” is rather faster than that of ‘‘ hydroxy-lactone B,” and it 
is the B-ring which is decarboxylated when “ citrylidene-malonic acid ” is pyrolysed.t 
Although not discussed by them in stereochemical terms, Kuhn and Hoffer’s structure 
(V) might be represented as in (XXX) and our views differ on two main counts. First, 
“ hydroxy-lactone A” is represented by us as (VII) and not (XXXI), and secondly, 
“ hydroxy-lactone B”’ as (XIII) rather than (XXXII), and their derivatives similarly. 
The crux of the difference lies in the dehydrochlorination of the chloro-lactone (VII; 
R = Cl) according to us and (XXXI; R = Cl) according to Kuhn and Hoffer. At 190— 
200° under reduced pressure the isopropenyl lactone (VIII) was isolated (above), but at 
200—290° under atmospheric pressure as recommended ® and claimed to give (XX XIII), 
a liquid mixture of y- (1768 cm.) and 3-lactones (1724 cm.) containing hydrocarbon 
(C,,Hg) and other impurities was obtained. Perhaps the more severe conditions induce 
formation of acid (XXII; R = H) and some recyclisation to (XX XIII): decarboxylation 
of the former would account for the hydrocarbon. Identity of the dihydro-derivative of 
(XX XIII) with a lactone (XXXIV) prepared by Wallach ' was claimed,® but the criteria 
used were unsuitable and in addition we have found Wallach’s liquid lactone to have both 
y- and 8-lactone bands. The final element in the case for structure (XX XI) to represent 
the A lactonic series was that the two lactones said to be (XX XIV) were each isomerised 
to the same crystalline lactone by red phosphorus and iodine. This lactone (obtained 
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from the “ citrylidene-malonic acid” source) is in fact a 8-lactone (Vmax, 1730 cm.*). 
Unsuspected changes have clearly occurred during Kuhn and Hoffer’s degradation, but 
even though their detail is not understood, the construction ? that they support a 3-sub- 
stituted p-menthane skeleton appears valid. It is of interest that since one lactone band 
in “ citrylidene-malonic acid ”’ lies at 1750 cm.*!, approaching the lower edge of the y-range, 
it might be unwise to dismiss structure (V) on this ground only. Consideration of the 
mechanism of formation and pyrolysis was the best clue that structure (V) was inadequate. 
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“ Citrylidene-malonic acid” is formed by condensing citral and malonic acid in the 
presence of pyridine, piperidine, or piperidine acetate; yields do not normally reach 50%. 
The hydroxy-acid (XX XV) jnitially formed may be envisaged as dehydrating and then 
lactonising, to give the unsaturated lactone (XXXVI). There is lack of mechanistic 


* The a ring, as in “ hydroxy-lactone A” (VII; R = OH) and the isopropenyl lactone (VIII) is 
hydrolysed much more slowly than the B ring in “‘ hydroxy-lactone B” (XIII), the unsaturated lactone 
(XV), or ‘‘ citrylidene-malonic acid.” Attack by an Sy2 mechanism on the bicyclo-a ring as a boat is 
hindered by the axially fused cyclohexane ring and if it has the chair conformation steric compression 
is generated between the axial 5-hydrogen atom and the O~ of the tetrahedrally hybridised intermediate 
formed by OH~ attack. 

+ A point of interest is that intolerable angle-strain would result if the aH in (VI) were enolised (cf. 
Bredt’s rule). 


18 Wallach, Annalen, 1902, 328, 135; 1907, 358, 284. 
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information 117 on the Doebner—Knoevenagel reaction but work on the benzylidene- 
malonic acid system!” and Griinhagen’s method of preparation *® from the diester (I; 
R = Et) support primary dehydration. Formation of lactone (XXXVI) is reasonable 
as some hex-2-eno-8-lactone is formed in the Doebner reaction between crotonaldehyde 
and malonic acid.* More relevantly still, we have found that 3,7-dimethyloct-2-enal and 
malonic acid give more lactone (XX XVII) than acid.* Weak proton sources are available 
in the medium anid it seems likely that the reaction is so catalysed. Ring c may then be 
envisaged as being formed as in (XXXVIII), and reaction completed as in (XXXIX). 
This type of cyclisation is to be distinguished from terpenic cyclisation in strongly acidic 
medium where carbonium ions are formed by protonation of double bonds: it is more akin 
to the transformation of pseudo-ionone (XL) into the ether (XLI) and related p-menthane 
derivatives. Protonation at the most basic centre initiates reaction. 

Some of the variants on this general view are not excluded. Thus, step (X XXVIII) 
could be written, though less probably, so as to involve the protonated hydroxyl group of 
an undehydrated lactone formed from (XXXV) and, with the reservation that only 
cis-BC-lactone would cyclise to the final tricyclo-system, ring B might be established before 
ring A. The effective addition to the isopropylidene double bond is not trans in (XX XVIII) 
and (XXXIX), but there seems a possibility that the carboxyl group participates in a 
transition state leading to simultaneous closure of rings B and C, #.e., there is some merging 
of steps indicated in the two ciphers. The isopropenyl lactone (VIII) is a by-product in 
the formation of “ citrylidene-malonic acid’ and can be accounted for by competing 
proton-elimination and decarboxylation of an intermediate related to (XX XIX). 

Verley ! reported that, when “ citrylidene-malonic acid ’’ was heated above its m. p., 
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5,9-dimethyldeca-2,4,8-trienoic acid (XLII) was produced: heating at 130—140° in the 
presence of copper bronze was claimed * to give the pure acid, Amax, 272 my (e 12,800). 
From data below, this is less than 60° pure and the pyrolysis range seems to be a misprint. 
Griinhagen * thought the product was a 8-lactone (XLIV). In the present work five 


Me,C= CH-[CH],-CMe = CH-CH=CH-CO,H Me,C= CH-[CH,] CMe = CH-CH= CH, 
(XLII) (XLIII) 


Oo” Oo 0” 0 Co” *O 


(XLIV) (XLV) (XLVI) 
(XLVI) Me,CH-{[CH;] -CMe =CH-CH = CH-CO,H 


* This acid is richer in retro-diene than in conjugated diene [Amax, 234 (¢ 12,100) and 273 my (e 5200)) 
and compares with the 5,9-dimethyldecatrienoic acid side product isolated when “‘ citrylidene-malonic 
acid” is prepared by the pyridine method [Amax, 237 (¢ 11,600) and 277 my (e 9700)]. This makes it 
probable that the 5,9-dimethyldecatrienoic acid is a direct outcome of the Doebner reaction rather than 
a degradation product of “‘ citrylidene-malonic acid.” 

16 Corey, J. Amer. Chem. Soc., 1952, 74, 5897. 

” Patai, Edlitz-Pfeffermann, and Rozner, J]. Amer. Chem. Soc., 1954, 76, 3446, and references cited 
there. 

18 Joly and Amiard, Bull. Soc. chim. France, 1947, 139. 

19 Naves and Ardizio, Bull. Soc. chim. France, 1953, 494; Naves, Wahl, Ardizio, and Favre, ibid., 
p. 873. 
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substances were obtained. In what follows, their structures are first cleared up and their 
formation is then considered. 

Brief heating at 190—210° gave 5,9-dimethyldeca-cis-2,4,8-trienoic acid (XLII) : as the 
acidic product. This absorbed nearly 3 mols. of hydrogen over a catalyst, to give 5,9-di- 
methyldecanoic acid, the p-bromophenacyl ester of which was identical with that of an 
authentic specimen.” Acetone was obtained on ozonolysis and the ultraviolet absorption 
Amax, 275 my (¢ 22,500) showed the R-CMe:CH-CH:CH-CO,H chromophore: strong infrared 
bands at 1684 (conjugated CO,H) and 1624 and 1594 cm. (conjugated diene doublet) 
are in agreement. From the neutral products of the pyrolysis a monocyclic 8-lactone was 
obtained. This, when treated with sodium methoxide in methanol gave the above acid 
(XLII), which must therefore have a cis-2 grouping (we have no definite stereochemical 
information on the 4,5-linkage), whilst the 8-lactone itself must have structure (XLIV) or 
(XLV), giving *! the ion (XLVI). Structure (XLIV) is preferred for the 8-lactone [Vmax. 
(liq.) 1718 cm.-*] which absorbs 2 mols. of hydrogen to give a saturated 8-lactone [vmax. 
(liq.) 1724 cm.*] and has ultraviolet end-absorption greater than that expected of a 
trisubstituted double bond. The «-olefinic stretching vibration, however, is unexpectedly 
weak, but this is so also for other «a-unsaturated 8-lactones whose structures rest on 
synthesis,” e.g., dec-2-eno-8-lactone.* The strong band at 815 cm. (cis-CH=CH’CO) * 
favours structure (XLIV). 

Further heating of the cis-2-acid (XLII) (f-bromophenacyl ester, m. p. 77°) causes 
stereomutation to the trans-2-form, as shown by the appearance of pronounced absorption 
at 980 and 890 cm. and decline of the band at 830 cm. (cis-CH=CH-CO). At the same 
time the diene doublet (A 31 cm.) closes up (A 12—16 cm.", rather diffuse). A new 
p-bromophenacy] ester, m. p. 100°, derived from the ¢rans-2-acid can be obtained and is 
also isolated directly when “ citrylidene-malonic acid” is heated for longer periods. 
There are expected ultraviolet differences between the derivatives of m. p. 77° and 100°, 
and whereas the conjugated diene bands of the cis-2-ester were at 1636 and 1590 cm.+ 
(A 46), for the trans-2-ester they were at 1633 and 1610 cm. (A 23).* Movement of the 
conjugated diene doublet to higher frequency (the low-frequency band being mainly 
concerned) together with reduction of the A value when cis- is replaced by a trans-linkage 
was first noted in the deca-2,4-dienoic acid series,24 and has been confirmed.™* 2? 

The other two pyrolysis products were the bicyclic isopropeny] lactone (VIII), separated 
directly or by chemical means from the neutral fraction, and the hydrocarbon (XLIII) 
which intrudes particularly on longer pyrolysis. The structure of the latter follows from 
analysis, ultraviolet data [Amax, 234 my (e 23,550)], infrared criteria for the presence of an 
isopropylidene and a conjugated vinyl grouping, the absorption of 3 mols. of hydrogen 
over a catalyst, and comparison with synthetic material * made by a Wittig reaction 


* Examination of the products obtained (see earlier) when 3,7-dimethyloct-2-enal is condensed with 
malonic acid, gives support. Thus methoxide-opening of lactone (XX XVII) affords a cis-2-acid 
(XLVII) which lactonises easily and yields a p-bromophenacyl ester with conjugated diene bands at 
1636 and 1592 cm.-! (A 44). As mentioned, the acid formed directly in the condensation contained much 
retro-diene: its p-bromophenacyl derivative showed no strong diene doublet (not conjugated with 
carboxyl) whilst the ester band was characteristic of an a-saturated (1743 cm.~!) rather than an un- 
saturated (1710—1720 cm.) grouping. Ultraviolet evidence is to the same effect. Treatment of the 
mixture of acid-conjugated and retro-diene with phosphorus oxychloride ** and conversion into the 
p-bromophenacy] ester gave the derivative of the conjugated acid which, from ultraviolet and infrared 
data, has a ¢rans-2-structure (vmax, 1631 and 1610 cm.“!; A 21). 


* Rydon, J., 1939, 1546; Kuhn, Badstubner, and Grundmann, Ber., 1936, 69, 98. 

1 Cf. Korte and Machleidt, Chem. Ber., 1955, 88, 136; Eisner, Elvidge, and Linstead, J., 1953, 1372. 

® Haynes and E. R. H. Jones, /., 1946, 954, 

* Crombie, J., 1955, 2535. 

* Crombie, J., 1955, 1007. 

5 (a) Wailes, Austral. J. Chem., "1959, 12, 173; (b) Crombie, J., 1952, 2997, 4338; (c) Sinclair, 
McKay, Myers, and Jones, J. Amer. Chem. Soc., 1952, 74, 2578. 

*° Crombie, Harper, and Sleep, J., 1957, 2743, 

*7 Crombie, Harper, and Smith, f® 1957, 2754; Clarke and Crombie, unpublished results. 

*8 Grignard, Ann. Chim. (France), 1901, 24, 479. 
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between citral and methylenetriphenylphosphorane. Except for a band at 965 cm. 
due to impurity in the specimen from the pyrolysis, the spectra of the samples were 
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identical. The impurity is thought to have a ¢rans-CH=CH structure resulting from bond- 
migration under the fairly severe conditions. 
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(LIV) *CMe= CH [CH] ,-CMe=CH:CHO 


Apart from these structural data, the salient facts about the pyrolysis are as follows. 
Heating “‘citrylidene-malonic acid” at 190—210° gives 5,9-dimethyldeca-cis-2,4,8- 
trienoic acid and 5,9-dimethyldeca-2,8-dieno-8-lactone. These are thermally inter- 
convertible and this lacto-enoic system recalls Linstead’s classical work.” But the equili- 
brium is not stable, for the cis-acid is involved in trays-2 equilibration and is thermally 
decarboxylated to 4,8-dimethylnona-1,3,7-triene (cf. geranic acid to geraniolene *). 
5,9-Dimethyldeca-2,8-dieno-3-lactone may also be involved in a side reaction (below), but 
1-hydroxy-p-menth-8,9-en-3-ylacetic lactone is thermally stable for 8 hr. at 200°. Other 
lactonic degradation products of “ citrylidene-malonic acid’”’ such as the monolactones 
(VII; R= OH), (X), (XII), (XIV; R=H), and (XV) show similar stability, and 
catenation seems contingent upon the presence of two lactonic rings. 

Three types of catenation are considered. In the first type, illustrated by (XLVIII), 
the carbon dioxide is eliminated from ring A and the hydrogen involved would be at 
position 2 (or, less probably, 6, necessitating subsequent 8«e —» y8 equilibration). This 
type is ruled out, as the trienoic acid produced would be érans-2, not cis-2. In the cyclic 
disruption (XLIX), the carbon dioxide comes from ring B. This seems a very acceptable 
interpretation and leads first to the monocyclic 8-lactone (XLIV) which, when heated, 
readily forms the cis-2-trienoic acid. An alternative (L) involves loss of carbon dioxide 
from ring B and yields the lactonic ion (XLVI) which would open to give the cis-2-trienoic 
acid or accept a proton to give lactone (XLIV) or (XLV), thermal equilibration then 
proceeding. The isopropenyl compound (VIII) could arise directly from a competing 
pyrolytic process (LI) or possibly by re-synthesis (LII) from the lactone (XLIV) followed 
by proton-loss from the resulting tertiary carbonium ion. 

Like citral, farnesal condenses with malonic acid under Doebner conditions and gives 
a compound, C,,H,,0,, m. p. 142°, which absorbs one mol. of hydrogen over a catalyst, 
gives acetone on ozonolysis, and shows only end-absorption in the ultraviolet region. 
There were 8-lactonic infrared bands (mull) at 1743s and 1704m cm.; on pyrolysis at 
200° the product had Amx 274 my (e 15,300). By analogy with “ citrylidene-malonic 
acid ” there is little doubt that its structure is (LIII) and its chemistry may provide links 


*® Linstead, J., 1932, 115; Linstead and Rydon, J., 1933, 580. 
%° Tiemann and Semmler, Ber., 1893, 26, 2724; Bateman, Cunneen, and Waight, J., 1952, 1714. 
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with lactones isolated after a Reformatsky reaction between farnesal and ethyl bromo- 
acetate.*4 The reaction to give a tricyclic dilactone under Doebner conditions could be 
of use in identifying the fragment (LIV) in an unknown structure. 


EXPERIMENTAL 


Unless stated otherwise, the following apply. Evaporations were conducted under reduced 
pressure at room temperature, and drying of solutions refers to the use of sodium sulphate. 
Microhydrogenations were in acetic acid over Adams platinum catalyst and molecular weights 
were determined ebullioscopically in benzene or chlorobenzene. Ultraviolet spectra refer to 
ethanol solutions and infrared data to 2% solutions in chloroform: “ liq.’ refers to a film of 
pure liquid, and ‘‘ mull”’ to a paraffin paste. Nuclear magnetic resonance measurements were 
made on deuterochloroform solutions at 40 Mc. and calibrated against tetramethylsilane as an 
internal standard. Band positions are given as t values, defined by Tiers.** 

“* Citrylidene-malonic Acid.’’—(a) Powdered malonic acid (250 g., 2-4 moles) was added to a 
mixture of citral (183 g., 1-2 moles) and pyridine (95 g., 1-2 moles), and the mixture was heated 
at 110° under reflux for 5hr. Excess of ether was added to the cooled mixture, and the precipit- 
ated citrylidene-malonic acid was filtered off, washed with ether, and dried (m. p. 188—189°; 
102-2 g., 35%). Twocrystallisations from ethanol or chloroform-light petroleum (b. p. 60—80°) 
gave prisms, the m. p. [190—191° (decarboxylation)] of which was unaltered by chromatography 
on alumina. ‘‘ Citrylidene-malonic acid”’ (Found: C, 65-55; H, 7:-7%; M, 241. Calc. for 
C,3H,,0,: C, 65-55; H, 7-6%; M, 238) is not immediately soluble in cold dilute sodium hydroxide: 
under mild conditions * the equivalent weight is 241, but after 2 hours’ refluxing with 0-5N- 
alcoholic potassium hydroxide the value was 117-4 (two lactone rings). No ultraviolet 
maximum ofe > 2was found. Alkaline extraction of the mother-liquors gave an acid (10-75 g., 
46%), b. p. 119—123°/0-1 mm., m,,”* 1-5152, but apart from this and isolation of the isopro- 
penyl lactone (VIII), other products have not been examined. The citral used was commercial 
99—100% material (A. Boake Roberts and Co.); purification by fractional distillation or by 
Hibbert and Cannon’s ** procedure made little difference to yields. The use of one mol. of 
malonic acid gives 20% and of three mols. gives 37% yield. 

(b) Powdered malonic acid (20-8 g.) was suspended in dry benzene (150 ml.), and citral 
(30-4 g.) added, followed by piperidine (0-2 ml.). The mixture was shaken for 7 days and when 
worked up gave “ citrylidene-malonic acid’ (16%). A similar mixture, heated under reflux 
for 6 hr., gave a 35% yield. For an experiment of the latter type (modification of Knoevenagel’s 
directions **) a yield of 95% was claimed * but exact conditions were not given and we have 
never had yields approaching this. 

On dehydrogenation of “‘ citrylidene-malonic acid ’’ with selenium at 280—310° for 25 hr., 
liquids of b. p. 180—300° were obtained (most 180—190°). Distillation gave a hydrocarbon, 
b. p. 189°, m,! 1-4820 (Found: C, 88-55; H, 11-6%), Amex, 267 mp (Ej%, 24), vmax, 815vs 
cm. (two adjacent free hydrogen atoms on an aromatic nucleus). Gas—liquid chromatography 
showed two closely related components, 

cis-3(H) ,4(H)-1,8-Dihydroxy-3-p-menthylacetic 1-Lactone (‘‘ Hydroxy-lactone A ”’) (VII; R = 
OH).—"“ Citrylidene-malonic acid ’’ (40 g.) was heated (2 hr.) on a steam-bath with water 
(117 ml.) and 5N-sodium hydroxide (33-4 ml.). The product was extracted with chloroform, 
washed, dried, and recovered (m. p. 120—122°; 33-3 g., 94%). Two recrystallisations from 
benzene(or chloroform)-—light petroleum (b. p. 60—80°) gave the hydroxy-lactone as prisms, 
m. p. 123—123-5° (Found: C, 67-8; H, 9:4. C,,H,.O, requires C, 67-9; H, 9°5%), Vmax, (mull), 
1695 cm. (8-lactone). Tetranitromethane gave no colour with it; attempted acetylation 
with isopropenyl acetate caused dehydration. Kuhn and Hoffer® give m. p. 123—123-5°. 

cis-3(H),4(H)-8-Chloro-1-hydroxy-3-p-menthylacetic Lactone (‘‘ Chloro-lactone A’’) (VII; R = 
Cl).—Dry hydrogen chloride was passed into ice-cold 1,8-dihydroxy-3-p-menthylacetic 1-lactone 
(13 g.) in glacial acetic acid (65 ml.) for 34 hr. After the mixture had been kept at 0° for 5 hr., 
the acetic acid was evaporated and final traces were removed by adding benzene and again 


31 Asselineau and Lederer, Bull. Soc. chim. France, 1959, 320. 
%? Tiers, J. Phys. Chem., 1958, 62, 1151. 

%3 Hibbert and Cannon, J. Amer. Chem. Soc., 1924, 46, 119. 
™ Knoevenagel, G.P. 156,560. 
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evaporating. The chloro-lactone (12-5 g.), after crystallising (charcoal) three times from benzene~ 
light petroleum (b. p. 60—80°), formed needles, m. p. 90-5—91-5° (Found: C, 62-5; H, 8-36; 
Cl, 15-4. C,,H,,O,Cl requires C, 62-45; H, 8-3; Cl, 15-35%), vmax, (mull) 1709 cm. (8-lactone) 
(lit.,3 m. p. 89—90°). 

1-Hydroxy-p-menth-4(8)-en-3-ylacetic Lactone (X).—8-Chloro-1-hydroxy-p-menthylacetic 
lactone (8-07 g.) was heated under reflux with anhydrous pyridine (28 ml.) for 1? hr. After 
cooling and addition of ether, pyridinium chloride (3-85 g.) was filtered off, and the filtrate was 
washed with dilute hydrochloric acid, sodium hydrogen carbonate solution, and brine. The 
ethereal solution was dried and evaporated, to give 1-hydroxy-p-menth-4(8)-en-3-ylacetic lactone 
(6-22 g.), plates (from pentane), m. p. 59-5—60° (Found: C, 74-45; H, 9-55%; M, 191. 
C,.H,,0, requires C, 74-2; H, 9-35%; M, 194), absorbing 0-99H, on microhydrogenation. 

cis-3(H) ,4(H)-1-Hydroxy-p-menth-8(9)-en-3-ylacetic Lactone (VIII).—8-Chloro-1-hydroxy-p- 
menthylacetic lactone (517 mg.) was heated at 190—200° for 8 hr. under water-pump vacuum. 
The product, m. p. 70—71-5° (424 mg.), crystallised from acetone—n-pentane as needles, m. p. 
75° (Found: C, 74-1; H, 9-25%; M, 198. C,,H,,O, requires C, 74-2; H, 9-35%; M, 194), 
microhydrogenation 1-00H,, vmx, 1718s (8-lactone), 1653w, 901m cm.? (CMe°CH,), vmax, (mull) 
1710s cm. (8-lactone). A tetranitromethane test was positive. 

Dehydration of 1,8-Dihydroxy-3-p-menthylacetic 1-Lactone-—(a) With thionyl chloride and 
pyridine. Thionyl chloride (7-35 g.) was added dropwise in 10 min. to the hydroxy-lactone 
(10 g.) in pyridine (30 ml.) below 30°. After being stirred for 3 hr. the mixture was set aside 
overnight and the pyridinium chloride was filtered off and washed with a little pyridine. The 
filtrate and washings were dissolved in ether, and the solution was washed with 4N-hydrochloric 
acid, sodium hydrogen carbonate solution, and brine. After drying and evaporation, a gum 
(6-04 g.) remained which crystallised only after repeated chromatography from benzene on 
alumina. The more easily eluted component had m. p. 56-5° (softened at 52°) after repeated 
crystallisations from pentane: the m. p. was not depressed on admixture with 1-hydroxy-p- 
menth-4(8)-en-3-ylacetic lactone. The other component crystallised from acetone—n-pentane 
in needles, m. p. 73° undepressed on admixture with 1-hydroxy-p-menth-8(9)-en-3-ylacetic 
lactone. Infrared spectra (solution and mull) were identical. 

(b) With phosphorus oxychloride and pyridine. The hydroxy-lactone (3 g.), pyridine (50 ml.) 
and phosphorus oxychloride (14-4 ml.) were heated together for 1 hr. and the brown product 
was poured on ice and extracted with ether. The extracts were washed and worked up as 
above, to give a brown liquid (1-72 g.) which on distillation gave material, b. p. 101—102°/0-1 
mm., #,** 1-5084 (Found: C, 73-95; H, 9-45. Calc. for C,,H,,O,: C, 74-2; H, 9-35%), micro- 
hydrogenation 1-02H,, vmax (liq.) 1727s (8-lactone) and 1649w cm. (C=C). Ozonolysis gave 
formaldehyde (22% as 2,4-dinitrophenylhydrazone). 

Ozonolysis of 1-Hydroxy-p-menth-4(8)-en-3-ylacetic Lactone (X).—(a) The lactone (1-0 g.) in 
ethyl acetate (9 ml.) and “ AnalaR ” glacial acetic acid (6 ml.) was ozonised at 10° for 2} hr. 
The ozonide was decomposed in the presence of zinc dust (2 g.) at 40—50° for 2 hr. After 
filtration and evaporation the white residue (746 mg.) was crystallised from ethyl acetate- 
n-pentane, to give 5-hydroxy-5-methyl-2-oxocyclohexylacetic lactone (X1), plates, m. p. 72—73° 
(Found: C, 64-4, 64-05; H, 7-35, 7-°35%; M, 160. C,H,,0, requires C, 64:25; H, 7-2%; 
M, 168). The 2,4-dinitrophenylhydrazone crystallised from methanol in yellow-orange needles, 
m. p. 193—195-5° (Found: C, 51-85; H, 5-0; N, 16-6. C,,H,,O,N, requires C, 51-7; H, 4-65; 
N, 16-1%). The furfurylidene derivative, m. p. 148—149-5°, had Anax, 322 my (e 16,350), vnax 
(mull) 1712 cm.+, but was not analytically pure. 

(b) The lactone (500 mg.) in “ AnalaR ” glacial acetic acid (7 ml.) was ozonised at 10° for 
35 min., an exit trap containing acetic acid being present. The contents of the vessel and trap 
were united, zinc dust (2 g.) was added, and the mixture was steam-distilled into 2,4-dinitro- 
phenylhydrazine reagent. When chromatographed on bentonite-Celite (4:1) and eluted with 
chloroform, the 2,4-dinitrophenylhydrazone (150 mg.), m. p. 125-5°, was identical with authentic 
acetone 2,4-dinitrophenylhydrazone (mixed m. p. and infrared spectra). 

Ozonolysis of 1-Hydroxy-p-menth-8(9)-en-3-ylacetic Lactone (VII1).—(a) The lactone (1-0 g.) 
was ozonised in ethyl acetate (7 ml.) and “ AnalaR ” glacial acetic acid (4-5 ml.) for 4 hr. at 10° 
and the ozonide was decomposed by warming at 60° with zinc dust. The solid (0-94 g.; m. p. 
86—90°) obtained on filtration and evaporation was purified by chromatography from chloro- 
form—benzene (10: 1) on alumina or, more conveniently, by two crystallisations from acetone- 
n-pentane and gave 2-acetyl-5-hydroxy-5-methylcyclohexylacetic lactone (IX), rods (610 mg.), 
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m. p. 93-5—94-5° (Found: C, 67-25; H, 82%; M, 200. C,,H,,O; requires C, 67-3; H, 8:2%; 
M, 196). The 2,4-dinitrophenylhydvazone formed plates (from methanol), m. p. 189-5—191° 
(Found: C, 5435; H, 5-2; N, 145%; M, 383. C,,HO,N, requires C, 54-25; H, 5-35; 
N, 149%; M, 376). An iodoform test on the keto-lactone (25 mg.) gave iodoform (33 mg.), 
m. p. and mixed m. p. 118—119°. 

1-H ydvoxy-3-p-menthylacetic Lactone (XII).—(a) 1-Hydroxy-p-menth-4(8)-en-3-ylacetic 
lactone (2-25 g.) was hydrogenated in ethanol (30 ml.) over Adams platinum: 0-98 mol. of 
hydrogen was adsorbed. Kieselguhr was added, the mixture was filtered, and the filtrate and 
washings were evaporated, to give 1-hydroxy-3-p-menthylacetic lactone (2-26 g.) which, crystallised 
from n-pentane, had m. p. 60° (Found: C, 73-5; H, 10-25. C,,H, O, requires C, 73-45; 
H, 10-25%), Vmax, 1711 cm.~, Vmax, (mull) 1718 cm.* (8-lactone). On admixture with starting 
material the m. p. was below 40°. In another experiment the whole product, before crystal- 
lisation, was identical with that of the crystallised product, m. p. 61° (infrared comparison in 
chloroform). 

(b) 1-Hydroxy-p-menth-8(9)-en-3-ylacetic lactone (150 mg.) was hydrogenated as above, 
1:02 mols. being absorbed. Working up gave the same lactone as above (148 mg.), m. p. 59-5°, 
raised by crystallisation from n-pentane to 61°. Identity was established by mixed m. p. and 
infrared spectra (solution and mulls). 

(c) 8-Chloro-1-hydroxy-3-p-menthylacetic lactone (2-0 g.) was dissolved in a solution of 
potassium hydroxide (520 mg.) in dry ethanol (15 ml.) and shaken with hydrogen and 5% 
palladised charcoal (200 mg.). After 10 hr. 0-96 mol. of hydrogen had been used. Celite was 
added, the mixture was filtered, and the filtrate and washings were evaporated. The residue 
was dissolved in ether, washed with brine, and recovered (m. p. 44—49°; 1-49 g.). Three 
crystallisations from n-pentane raised the m. p. to 58-5°. It was identical (mixed m. p. and 
infrared mull spectrum) with the above specimens. 

cis-1(Me),3(H),4(H)-1,8-Dihydroxy-3sp-menthylacetic 8-Lactone (‘‘ Hydroxy-lactone B’’) 
(XIII).—‘‘ Citrylidene-malonic acid ” (30 g.) was warmed with potassium hydroxide (16-5 g.) 
in water (63 ml.) and then gently refluxed for 2 hr. After cooling, the clear solution was 
acidified with 5n-sulphuric acid (effervescence) and extracted with chloroform. The chloroform 
solution was washed with brine, dried, and evaporated to give, after trituration with n-pentane, 
a solid of m. p. 104—110° (25-6 g.). Crystallisations from benzene-light petroleum (b. p. 
60—80°) (m. p. 106—110°; 24-7 g.), carbon tetrachloride (m. p. 112—115°; 23-8 g.), chloro- 
form-light petroleum (m. p. 117—118°; 13-9 g.) and finally twice from benzene—n-pentane 
gave the Jactone, m. p. 121—122° (10-3 g., 39%), as rods (Found: C, 67-95; H, 9-65. C,,H,,O, 
requires C, 67-9; H, 9-5%), Vmax, (mull) 1709 cm.+. Three other experiments gave high yields 
of crude product with considerable loss on purification though in one case lactone (17 g.) of 
m. p. 120—121° was isolated after only one crystallisation from benzene-light petroleum. 
Chromatography from benzene on alumina was not efficient. The lactone gave no ketonic product 
when oxidised with chromic acid at 10° and was saturated towards tetranitromethane. Kuhn 
and Hoffer * claim an 85% yield of material of m. p. 118—119° in a similar experiment. 

Dehydration of ‘‘ Hydroxy-lactone B ’’.—The hydroxy-lactone (6-74 g.) in anhydrous pyridine 
(20 ml.) was treated with thionyl chloride (3 ml.), the temperatire being kept below 22°. The 
mixture was filtered and the filtrate was washed with 4n-hydrochloric acid, sodium hydrogen 
carbonate solution, and brine. Drying and evaporation gave a gum (4-16 g.) which solidified 
when triturated with n-pentane. Chromatography from benzene on alumina gave a mixture 
of isomers (Found: C, 74:15; H, 95%; M, 199. Calc. for C,,H,,0O,: C, 742; H, 935%; 
M, 194), microhydrogenation 0-99Hg,, vmx, (mull) 1715 cm."1, which on repeated crystallisation 
from pentane gave material of m. p. 58—60°, undepressed on admixture with Schinz’s lactone,® 
m. p. 63—64°, and virtually identical with it in its infrared specimen. 

Schinz’s lactone, isolated according to published directions * (Found: C, 73-8; H, 9-55%), 
crystallised from n-pentane as needles with later crops as plates. They had identical m. p.s 
and spectra [vmx 1706 cm." (8-lactone)]. This absorption differs from the recorded value 
[Ymax. (mull) 1739 cm.] but specimens obtained via “ citrylidene-malonic acid’ have been 
found to have vm,, (mull) 1736 cm."?. In one case an almost pure sample from this source 
showed a doublet at 1733 and 1711 cm.". In these cases the rest of the spectrum is not 
changed: the carbonyl band in all cases appears composite and in a paraffin spectrum the 
exact Vnax May depend on crystal forms and mull conditions. 

Unsaturated lactone (mixture of isomers, above) (500 mg.) was hydrogenated over Adams 
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catalyst (100 mg.) in ethanol (25 ml.); working up in the usual way gave a liquid which despite 
chromatography on alumina or silica gel, distillation, and storage under pentane at 0°, did not 
crystallise; it had vyx (liq.) 1720 cm.. Schinz’s lactone, m. p. 64°, similarly hydrogenated 
over Adams catalyst in glacial acetic acid and then distilled, gave a similar product (Found: 
C, 73-0; H, 10-25. Calc. for C,,H.,O,: C, 73-45; H, 10-25%), vmax (liq.) 1720 cm... The 
infrared spectra of the two specimens were identical and agree with that published by Schinz 
and his school * who report that the dihydrolactone eventually crystallised (m. p. 36°). 

cis-3(H),4(H)-1-Chloro-8-hydroxy-3-p-menthylacetic Lactone (XIV; R = Cl).—Dry hydrogen 
chloride was passed into an ice-cold solution of ‘‘ hydroxy-lactone B ”’ (27-8 g.) in glacial acetic 
acid (131 ml.) for 34 hr. The mixture was set aside at 0° for 7 hr. and evaporated, traces of 
acetic acid being removed by evaporation with benzene. Chloroform (100 ml.) was added and 
the solution was washed with sodium carbonate solution and water, and then dried and 
evaporated to give a viscous liquid which crystallised under light petroleum at 0°. One 
crystallisation from ether—light petroleum (b. p. 40—60°) gave material (2-7 g.) of m. p. 55—59°, 
Intrusive bands in the infrared spectrum indicate some 8-chloro-l-hydroxy-3-p-menthylacetic 
lactone and a little y-lactone (Vmax. 1786w) as impurities. A second crop (3-4 g.) had m. p., 
58—59° and contaminants were similar (Found: C, 62-6; H, 8-5; Cl, 15-4%), vmax, (mull) 
17llvs cm.1. Repeated crystallisation of the first crop from benzene-light petroleum (pb. p. 
60—80°) raised the m. p. of the chloro-lactone to 77—77-5° (0-8 g.), plates (Found: C, 62-2; 
H, 8-3; Cl, 15-3. C,,H,,0,Cl requires C, 62-45; H, 8-3; Cl, 15-35%), vmax, (mull) 1711 cm. 
the y-lactonic contaminant and the bands attributable to the other impurity having disappeared. 
Kuhn and Hoffer give m. p. 59-3—60-5°. 

The mother-liquors were distilled to give a series of liquid fractions. Material of b. p. 
116—118°/1-0 mm., 7,” 1-4973, gave reasonable analyses for a dehydrochlorinated lactone 
(Found: C, 73-75; H, 9-45%; microhydrogenation 0-98H,) but both y- and 8-lactone bands 
were present (1767 and 1725 cm.~}). 

A second preparation, from “‘ hydroxylactone B” (10 g.), gave material of m. p. 54—56° 
(9 g.), raised by crystallisations to m. p. 77°. 

Dehydrochlorination of ‘‘ Chloro-lactone B’’ (XIV; R.= Cl).—The chloro-lactone (2-6 g.; 
m. p. 66°) was refluxed in dry pyridine (20 ml.) for 24 hr. After cooling,*the whole was filtered 
and the filtrate was dissolved in ether (50 ml.) and washed with brine, 6N-hydrochloric acid, 
sodium hydrogen carbonate solution, and brine. The ethereal solution was evaporated, to give 
crystals, m. p. 45—46° (1-6 g.). Seven crystallisations from light petroleum (b. p. 40—60°)- 
benzene gave 8-hydroxy-p-menth-l-en-3-ylacetic lactone, plates, m. p. 62—63° (Vmax, 1718 
cm."1), undepressed on admixture with Schinz’s lactone, m. p. 63—64°. The infrared spectra 
(mulls) were superimposable. 

Ozonolysis of cis-3(H),4(H)-8-Hydroxy-p-menth-1-en-3-ylacetic Lactone.—Material of m. p. 
45-5—46-5° was used and is therefore not free from contaminant containing a 1,6-double bond. 
The lactone (103 mg.) was ozonised in glacial acetic acid (5 ml.) for 30 min. at 10° (acetic acid 
trap). Working up as above gave no 2,4-dinitrophenylhydrazone of a volatile aldehyde 
or ketone. The aqueous steam-distillation residue was extracted with chloroform, and the 
extracts were washed with brine, dried, and evaporated. The gum gave a 2,4-dinitrophenyl- 
hydrazone which after chromatography from chloroform on bentonite—kieselguhr (4:1) and 
crystallisation from methanol formed orange crystals, m. p. 136—139° (Found: C, 49-45; 
H, 4:9. C.gH,,0,).N, requires C, 49-25; H, 4-5. C,,H,.O,N, requires C, 51-2; H, 5-25%). 

Methyl 1-Chloro-3-p-menthylacetate (XVIII; R = H).—1-Hydroxy-3-p-menthylacetic 
lactone (650 mg.) was dissolved in dry methanol (8 ml.) and hydrogen chloride was passed in 
for 34 hr. at 5°. The mixture was set aside at 0° for 3 days, then evaporated to a gum (730 mg.) 
which solidified when triturated at —10° with n-pentane. Low-temperature crystallisation 
from n-pentane gave the ester as needles, m. p. 30—31° (Found: C, 63-1; H, 8-95; Cl, 13-9. 
C,,H,,0,Cl requires C, 63-3; H, 9-4; Cl, 14-35%), vax, 1727s cm.*1, Vinay, (mull) 1736s cm.~} (ester). 

The monochloro-ester (1-51 g.) was refluxed in anhydrous pyridine (10 ml.) for 2 hr. Ether 
was added and pyridinium chloride (630 mg.) was filtered off. Working up the filtrate gave a 
liquid (1-11 g.) which did not crystallise after chromatography but had b. p. 63-5°/0-1 mm., 
n,** 1-4698 (Found: C, 74-55; H, 10-55. Calc. for C,,H,,0,: C, 74-25; H, 10-55%). This is 
presumably a mixture of methyl p-menth-1- and -1(6)-en-3-yl acetate, vj,x, 1727s cm.* (ester), 
microhydrogenation 1-01H,. Two ozonolyses showed that no volatile ketonic material was 
formed (as detected by 2,4-dinitrophenylliydrazine). 
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Methyl 1,8-Dichloro-3-p-menthylacetate (XVIII; R = Cl).—1,8-Dihydroxy-3-p-menthyl- 
acetic 1-lactone (101-3 g.) was dissolved in methanol (262 ml.), cooled to 0°, and dry hydrogen 
chloride was passed in for 5 hr. After 3 days at 0° the crystals (99-2 g.; m. p. 122—123-5°) 
were filtered off, washed with cold methanol, water, and cold methanol, and then twice 
crystallised from boiling methanol. This ester formed needles, m. p. 123-5—124-5° (lit.,* m. p. 
123-5—124°) (Found: C, 55-5; H, 7-65; Cl, 25-4%; M, 282. Calc. for C,,H,,0,Cl,: C, 55-5; 
H, 7-9; Cl, 25-2%; M, 281), vmax. 1728 cm. (ester). The same substance (m. p. 123—124° and 
mixed m. p.) was similarly obtained from ‘“‘ hydroxy-lactone B.” 

Lactonic Estey (XX) or (XXI) from “‘ Citrylidene-malonic Acid.—‘ Citrylidene-malonic 
acid” (9-0 g.) in methanol (200 ml.) was cooled in ice and treated with hydrogen chloride for 
3 hr. and then left at 0° for 3 days. Evaporation gave a liquid from which a little unchanged 
“ citrylidene-malonic acid ’’ separated on dissolution in ether (300 ml.). The ethereal solution 
was evaporated and chromatographed from chloroform on alumina. The gum produced was 
extracted liberally with boiling light petroleum (b. p. 60—80°) and on crystallisation from the 
extracts the chloro-lactonic ester, m. p. 84—85-5° (850 mg.), was isolated (Found: C, 58-7; 
H, 7:55; Cl, 125%; M, 287. C,,H,,O,Cl requires C, 58-25; H, 7-35; Cl, 123%; M, 289), 
Vmax, 1739s (ester), 1715s cm.* (8-lactone). 

The chloro-lactonic ester (220 mg.) was refluxed with potassium hydroxide (150 mg.) in 
methanol (2 ml.) and water (5 ml.) for 1 hr. The methanol was evaporated and the product 
acidified to give, on working up, a gum (100 mg.) which crystallised when triturated with ether 
to give “‘ citrylidene-malonic acid,’ m. p. 186—188° (mixed m. p. and infrared spectrum). 

Methyl 3-p-Menthylacetate.—(a) Methyl] 1,8-dichloro-3-p-menthylacetate (95 g.) was refluxed 
in anhydrous pyridine (271 ml.) for 3 hr. On cooling, filtering, and working up in the usual 
way an oil (64-6 g.) was isolated which distilled as one main fraction, methyl 3-p-menthadieny]l- 
acetate, b. p. 95-5—96°/0-25 mm., »," 1-4886 (61-8 g.) (Found: C, 75:2; H, 9-8. Calc. for 
CygHyO,: C, 74:95; H, 9°7%; microhydrogenation 1-97H,), Vmax. (liq.) 1730 cm.™ (ester). 
There was no significant ultraviolet absorption between 215 and 360 my but gas-liquid 
chromatography showed that more than one compound was present. The ester (48 g.) in 
glacial acetic acid (230 ml.) was hydrogenated over Adams catalyst (1 g.) and absorption ceased 
when 1-98 mol. had been absorbed. Filtration, evaporation, and distillation gave methyl 
3-p-menthylacetate, b. p. 64°5°/0-3 mm., n,*° 1-4573 (Found: C, 73:5; H, 115%; M, 211. 
C,;H,,O, requires C, 73-55; H, 11-4%; M, 212), vmax. (liq.) 1739s cm.+. Gas-—liquid chromato- 
graphy indicated that it was not stereochemically homogeneous. 

(6) Methyl 1,8-dichloro-3-p-menthylacetate (1 g.) was dissolved in methanol (10 ml.) 
containing potassium hydroxide (0-45 g.) and hydrogenated over 5% palladised charcoal 
(200 mg.). Absorption ceased after 4 hr. and the mixture was filtered and evaporated. The 
residue was dissolved in ether, washed with brine, dried and evaporated, giving a liquid, b. p. 
63°/0-1 mm., ,,*5-5 1-4559 (420 mg.) (Found: C, 73-2; H, 11-55%). 

Degradation of 3-p-Menihylacetate to Menthone.—The ester (7 g.) from route (a) above was 
added to phosphorus tribromide (0-3 ml.) and bromine (3 ml.), heated at 65—70° for 54 hr. and 
then to 110° for 14 hr., dissolved in ether, and extracted with sodium hydrogen carbonate 
solution. Acidification of the bicarbonate extract, saturation with ammonium chloride, and 
extraction with chloroform gave a gum (5-50 g.). Chromatography of a portion from chloro- 
form—benzene (3:1) on alumina gave «-bromo-3-p-menthylacetic acid, m. p. 128-5—130° (from 
n-pentane; plates) (Found: C, 51-5; H, 7-55. C,,H,,O,Br requires C, 52-0; H, 7-65%), vax. 
(mull) 1709 cm.~! («-halogeno-acid). Comparison of the infrared spectrum of the acidic gum 
(liquid) and the paraffin mull of the crystalline acid indicated that the former consisted largely 
of the latter. Degradation was continued on the gum. 

The bromo-acid gum (900 mg.) was refluxed with pyridine (8 ml.) for 1? hr. Ether was 
added. The crude dehydrobromination product showed infrared bands at 1695s cm. 
(«-unsaturated acid) and 1639m cm.*! (conjugated C=C). This (365 mg.) was ozonised in ethyl 
acetate (6 ml.) and glacial acetic acid (4 ml.) at 5° for Ll hr. Zinc dust (1 g.) was added and the 
suspension was warmed, under reflux, on the steam-bath for 20 min. Solvents were removed 
by distillation under reduced pressure directly into 2,4-dinitrophenylhydrazine reagent: no 
derivative was formed. The residue, smelling of menthone, was diluted with methanol and 
treated with Brady’s reagent. The 2,4-dinitrophenylhydrazone, m. p. 135—143°, was chromato- 
graphed first through bentonite—kieselguhr and then through Woelm neutral alumina from 
chloroform. After rejection of a small amount of material, m. p. 155—162° (plates), orange 
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needles contaminated with a little of the former were isolated. Crystallisation from chloroform, 
in which the contaminating plates were relatively insoluble, gave orange needles, m. p. 139—143°, 
This m. p. was not depressed on admixture with Professor Read’s specimen of (-+-)-menthone 
2,4-dinitrophenylhydrazone (m. p. 140—145°) or with that labelled (+)-isomenthone 2,4-di- 
nitrophenylhydrazone (m. p. 145-5—147°). A mixture of the two authentic specimens had 
m. p. 140-5—142°. The infrared spectra (mulls) of all three samples were identical. 

Hydrolysis of Diethyl 4,8-Dimethylnona-1,3,7-triene-1,1-dicarboxylate.—The diester, prepared 
according to Griinhagen’s best conditions,* had b. p. 142—143-5°/0-35 mm.., »,,”* 1-5058 (Found: 
C, 69-05; H, 92%; M, 289-5. Calc. for C,,H,,0,: C, 69-35; H, 8:9%; M, 294, microhydro- 
genation 3-00H,), Amax, 287 (€ 20,600), vnax (liq.) 1724s («-unsaturated ester), 1631s and 1600m 
cm. (conjugated diene). The barium salt (Amax 274-5 my) was prepared by Griinhagen’s 
method ? and on acidification “ citrylidene-malonic acid ’’ (15%), m. p. 190—191° and mixed 
m. p., was isolated. 

The Zimmermann Test.—The substance (2 mg.) in ethanol (0-2 ml.) was added to saturated 
ethanolic potassium hydroxide (0-2 ml.), and a 1% solution of m-dinitrobenzene in ethanol 
(0-2 ml.) was added. A control test was performed. If, after 1—2 min., a violet colour not 
dispersed by ten-fold dilution with water, was observed in the test solution but not in the 
control, the reaction was recorded as positive. No colour, or any other colour, was recorded 
as negative. A second test was also carried out by pre-heating the substance to 80° for 5—10 
min. with ethanolic alkali before adding m-dinitrobenzene solution to the cooled mixture. 
Results are collected in the Table. 


Lactones and the Zimmermann test. 
Usual Pre-heated 





PARBOND 00 dcncecineisavestoressvoneeneicccecncemscepsnctnscesocbeddectsocsseosesceseos pos. pos. 
Po PEINIINUIED. asccanscocsccescnenquepsepecnpeccessenevaspsuscsasseceseosepcenceeses pos. neg. 
1,8-Dihydroxy-3-p-menthylacetic l-lactone (VII; R = OH) ......... pos. neg. 
8-Chloro-1-hydroxy-3-p-menthylacetic lactone (VII; R =,Cl).......... pos. neg. 
1-Hydroxy-p-menth-4(8)-en-3-ylacetic lactone (X) ........./.seseeeeeeeees pos. neg. 
1-Hydroxy-p-menth-8(9)-en-3-ylacetic lactone (VIII) .............0000- pos. neg. 
1-Hydroxy-3-p-menthylacetic lactone (XII)  ...........cccseceeeeeseeeeees pos. neg. 
1,8-Dihydroxy-3-p-menthylacetic-8-lactone (XIII) ..............seeeeeeees pos. neg. 
8-Hydroxy-p-menth-1-en-3-ylacetic lactone (XV) ...........cssseeeeeeees pos. neg. 
5-Hydroxy-5-methyl-2-oxocyclohexylacetic lactone (XI) .............++ pos. pos. 
2-Acetyl-5-hydroxy-5-methylcyclohexylacetic lactone (IX) ............ pos. pos, 
| {OEE DOME AUER cnancascccosscccocensonspesnensoocesagoaccese neg. neg. 
Oe PO NEEIES GUMS CEGBBED  Sscasccvccccccccsescsssevocccescteccese neg. neg. 


Relative Speeds of Lactonic Hydrolysis.—All operations were at 35-9°. The lactone (2 x 10% 
mole) was dissolved in 50% aqueous ethanol (40 ml.). N-Potassium hydroxide (5 ml.) was 
added and the volume of the solution was adjusted to 50 ml. with water. At intervals portions 
(5 ml.) were titrated with 0-02N-acetic acid to phenolphthalein. A blank experiment was run. 
The times at which one-half and three-quarters of one lactonic function had been hydrolysed 
were, for ‘‘ citrylidene-malonic acid ” 24 and 7 min., and for “‘ hydroxy-lactone B”’ 5 and 12} 
min. The times at which one-tenth of one lactonic function had hydrolysed were, for “‘ citryl- 
idene-malonic acid”’ } min., for ‘‘ hydroxy-lactone B” 1} min., for ‘‘ hydroxy-lactone A” 
45 min., for cis-3(H),4(H)-p-menth-l-enylacetic lactone (XV) 1 min. (4, 134 min.), and for 
cis-3(H),4(H)-1-hydroxy-p-menth-8(9)-en-3-ylacetic lactone 29 min. 

Pyrolytic Degradation of ‘‘ Citrylidene-malonic Acid.’’—(a) For 3 hr. ‘‘ Citrylidene-malonic 
acid ’’ (20 g.) was heated at 190—210° under water-pump vacuum in the presence of a little 
copper bronze. Ether was added and, after refrigeration, unchanged material (1-1 g., 6%) was 
filtered off. The ethereal solution was repeatedly extracted with 2N-sodium hydroxide, the 
alkaline extracts were extracted with ether and these ether extracts were rejected. Evaporation 
of the ethereal solution after alkaline extraction gave neutral product (3-14 g., 20-4%), whilst 
acidification (Congo Red) of the alkaline extract (under ether; cold) gave acidic product (9-5 g., 
61-6%). Neutral: acid ratio = 1: 3-31. 

The acid was distilled fairly rapidly and was collected as five fractions, b. p. 125-5—127°/0-1 
mm., #,* 1-5268—1-5361. Infrared examination of these and the material before distillation 
showed them all to be closely similar and lactonic contaminant was not detected. The main 
fraction, ,** 1-5361, 5,9-dimethyldeca-cis-2,4,8-trienoic acid (with a little tvans-2 contaminant) 
was used for analysis (Found: C, 74:35, 74:1; H, 9-15, 9-40. C,2H,,0, requires C, 74-2; 
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H, 9°35%), Amax. 275 my (ce 22,500), Vmax (liq.) 1684s (conjugated CO,H), 1624s and 1595s 
(conjugated cis-2-diene), 980mw (érans--CH:CH:?), 890mw, 828m cm. (cis--CH°CHCO). 
The cis-2 acid crystallised from light petroleum, m. p. 53°, and its p-bromophenacyl ester formed 
plates (from ethanol), m. p. 77-5° (Found: C, 61-1; H, 6-0. CypH,,0,Br requires C, 61-35; 
H, 5-9%), Amax, 280 my (e 42,600) with intrusion of a second max. of similar ¢ at 263 my, Vmax. 
(mull) 1712m (unsaturated ester), 1629s (C=O), 1636m, 1590m (conjugated cis-2-diene; the 
latter overlies an aromatic band), 1437m, 1276w, 1233w, 1203m, 1172s, 1071m, 1010m, 975m, 
895m, 830m, 817s, and 726w, br. On hydrogenation over palladium—barium sulphate in ethyl 
acetate the acid absorbed 2-61 mols. of hydrogen. The hydrogenated acid was converted into 
its p-bromophenacyl ester, m. p. 60—61°, undepressed by p-bromophenacyl 5,9-dimethyl- 
decanoate (below). When ozonised, the acid yielded acetone isolated as the 2,4-dinitrophenyl- 
hydrazone, m. p. and mixed m. p. 126°. 

The neutral product from the pyrolysis was distilled and, after elimination of a little material 
of low b. p. (probably 4,8-dimethylnona-1,3,7-triene), was collected as five fractions, b. p. 
103—104°/0-2 mm., 2,* 1-4886—1-4921 (Found, for the fraction of m,* 1-4901: C, 74-55; 
H, 945%; microhydrogenation 1-8H,. For the fraction of »,* 1-4913: C, 74-1; H, 9-45; 
O, 16:45. Calc. for C,,H,,O,: C, 74:2; H, 9-35; O, 16-45%). Scrutiny of the infrared 
spectra (liq.) showed that the first fraction was pure 5,9-dimethyldeca-2,8-dieno-8-lactone 
and that contamination with 1-hydroxy-p-menth-8(9)-en-3-ylacetic lactone increased with in- 
creasing refractive index (see also chemical proof below). For the fraction of m,™ 1-4901: 
no ultraviolet max., ¢ at 210 and 220 my 6300 and 3350 respectively. 

A portion (1-23 g.) of the united neutral fractions from the above distillation was added to 
sodium (0-16 g.) dissolved in dry methanol, and set aside (2 hr.). After evaporation, water was 
added and neutral material was extracted with ether. The acid (0-875 g.) was isolated with the 
precautions above and, after evacuation at 0-1 mm., the infrared spectrum (liq.) was closely 
similar to that of the compound obtained directly from the pyrolysis except (a) that it contained 
a trace of 8-lactone and (b) the bands at 980 and 890 cm. were very weak relative to that at 
828 cm.?. On distillation more lactonisation was induced: the product, b. p. 127°/0-1 mm., 
n,** 1-5250—1-5270, gave a p-bromophenacyl ester, m. p. 77°; mixed m. p. and infrared 
comparison with the derivative above established identity. The neutral fraction from the 
methoxide fission crystallised when triturated with n-hexane at 0°; recrystallisation from 
hexane containing a little acetone gave 1-hydroxy-p-menth-8(9)-en-3-ylacetic lactone, m. p. 
and mixed m. p. 75—76°. In acontrol experiment to check the stability of the latter to sodium 
methoxide, the menthene lactone (200 mg.) was added to sodium (30 mg.) in methanol (2 ml.) 
and was set aside for 24 hr. On working up, recovered lactone (153 mg.) was obtained together 
with an acidic compound (25 mg.), m. p. 175° (Found: C, 68-05; H, 9-35. C,,H,.O, requires 
C, 67-9; H, 9-5%). As the infrared spectrum (mull) contains bands at 3310 (OH), 1712 
(saturated CO,H), 1650 and 900 cm. (CMe:CH,), together with the typical acid-hydroxyl 
absorption, the compound appears to be 1-hydroxy-p-menth-8(9)-en-3-ylacetic acid. 

(b) For 90 min. “ Citrylidene-malonic acid ” (17-5 g.) was heated as above for 90 min. to 
give recovered material (2-24 g., 13%), neutral product (2-77 g., 19-5%), and acid product 
(7-8 g., 55%). Neutral: acid ratio = 1: 3-2. Distillation of the neutral product gave, after 
elimination of a little 4,8-dimethylnona-1,3,7-triene, 5,9-dimethyldeca-2,8-dieno-8-lactone, b. p. 
98°/0-01—0-05 mm., m,**5 1-4880—1-4886 (Found: C, 74-5; H, 9-25. C,,H,,O, requires 
C, 74-2; H, 9:35%). Subsequent fractions of the same b. p. had refractive indices rising to 
n,**> 1-4920 and infrared examination showed contamination with 1-hydroxy-p-menth-8(9)- 
en-3-ylacetic lactone. 5,9-Dimethyldeca-2,8-dieno-8-lactone showed end absorption of 4 216 
my (¢ 3200) and vngx. (liq.) 1718s («-unsaturated-8-lactone) and 814s cm. (cis--CH:CH*CO-). On 
hydrogenation in ethyl acetate over palladium—barium sulphate, 2-1 mols. of hydrogen were 
absorbed. The resulting lactone had vg,, 1724s cm.-! and no appreciable absorption at 814 
cm.1, 5,9-Dimethyldeca-2,8-dieno-8-lactone was heated at 190—210° under water-pump 
vacuum. A specimen recovered after 10 min. had been largely converted into 5,9-dimethyl- 
deca-cis-2,4,8-trienoic acid. Prolonged heating (2 hr., 4 hr., and 5$ hr.) resulted in characteristic 
spectral changes showing cis-2 —-® trans-2 stereomutation (see below). 

The acid fraction from this pyrolysis of ‘‘ citrylidene-malonic acid ’’ had an infrared spectrum 
closely similar to that of the acid from experiment (a) and it was spectrally unchanged after 
ultraviolet irradiation in light petroleum (b. p. 60—80°) containing a trace of iodine (quartz 
vessel). Portions of the acid were heated to 190—210° for }, 14, and 5} hr. under water-pump 
68 
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vacuum and then examined spectroscopically. Progressive change ensued, the definition of 
the diene doublet becoming reduced and eventually it appeared merged near 1629 and 1613cm."1; 
the band at 830 cm. declined greatly in intensity, whilst the bands at 980 and 890 cm." were 
much strengthened. There were also indications of lactone formation. A larger portion was 
heated with a little copper bronze for 18 hr. as above and the product was separated into 
neutral (0-53 g.) and acidic (3-47 g.) material. Neutral: acid ratio = 1: 6-55. The acidic 
product had b. p. 124—124-5°/0-1—0-2 mm., ,,** 1-5364—1-5376 (Found: C, 74-4; H, 9-35. 
Calc. for C,,H,,0,: C, 74:2; H, 9°35%), Amax, 274 my (e 23,500). Its infrared spectrum showed 
the changes noted above and indicates that large amounts of 5,9-dimethyldeca-trans-2,4,8- 
trienoic acid are present (Vmax 1625s, 1613s, 978ms, 888ms, 828mw cm.7). The p-bromo- 
phenacyl ester was a mixture of cis-2- and trans-2-components but by repeated crystallisation 
from ethanol p-bromophenacyl 5,9-dimethyldeca-trans-2,4,8-trienoate was isolated as the less 
soluble component, m. p. 100° (Found: C, 61:0; H, 5-9. C, 9H,,0,Br requires C, 61-35; 
H, 59%), Amax. 275 my (e 39,600). In the infrared (mull) there were bands at 1723m (un- 
saturated ester), 1698m (C=O), 1633m, 1610m (conjugated trans-2-diene), 1585m (Ph), 1420m, 
1307m, 1279m, 1252w, 1230w, 1212m, 1160s, 1131s, 1105w, 1070m, 1011lw, 987i, 980s, 893m, 
837w, 813m, 727m, and 722m. The infrared spectrum of the neutral fraction indicated that 
it contained 5,9-dimethyldeca-2,8-dieno-8-lactone together with other lactonic impurity. Thus 
treatment with sodium methoxide gave spectrally impure 5,9-dimethyldeca-cis-2,4,8-trienoic 
acid: the neutral lactonic residue [Vmay, (liq.) 1712s with bands at 1645w, 1590m, and hydroxyl 
absorption near 3390 cm."*] is an obvious mixture but bands at 1093 and 980 cm.” are strong 
and comparison suggests the presence of 1-hydroxy-p-menth-8(9)-en-3-ylacetic lactone. Ina 
similar experiment with 9 hours’ heating, the acid (3-4 g.) gave acidic product (2-78 g.) con- 
taining much ¢tvans-2 material and a neutral fraction (0-31 g.) whose spectrum simulated that 
of 5,9-dimethyldeca-2,8-dieno-8-lactone very closely and indicated that much less extraneous 
material was present than in the product from the 18 hr. experiment. 

(c) For 45 min. ‘“‘ Citrylidene-malonic acid” (20 g.), pyrolysed in the usual way, gave 
unchanged material (3-75 g.), acid (9-40 g.), and neutral product (3-14 g.). Neutral: acid 
ratio = 1: 2-99. The acid had a spectrum closely similar to that from experiments (a) and (b) 
above and the neutral fraction was again a mixture of 5,9-dimethyldeca-2,8-dieno-3-lactone 
and 1-hydroxy-p-menth-8(9)-en-3-ylacetic lactone. 

(d) For 8 hr. ‘‘ Citrylidene-malonic acid ”’ (200 g.) and copper bronze (0-6 g.) were heated 
as before for 8 hr. Ether-insoluble material (6-8 g.) was recovered and the neutral (25-5 g.) and 
the acidic fraction (121-3 g.) were isolated. On distillation, the neutral fraction gave 4,8-di- 
methylnona-1,3,7-triene (2-95 g.), b. p. 41°/0-5 mm., m,** 1-4841 (Found: C, 87-95; H, 12-1. 
Calc. for C,,H,,: C, 87-9; H, 12-1%; microhydrogenation 3-0H,), Amax, 234 my (ec 23,550), vnax 
(liq.) 1675w and 815w (Me,C:CH:*), 1650m, 1600w, 987s, and 898vs cm. (‘CMe:CH-CH:CH,). 
The spectrum was identical with that of the synthetic specimen below except that it contained a 
medium-weak band at 965 cm. (tvans--CH:CH:). Continued distillation gave fractions of 
b. p. 122—129°/0-5 mm., u,, 1-4945—1-4997 (18-4 g.). Infrared examination showed large 
amounts of 1-hydroxy-p-menth-8(9)-en-3-ylacetic lactone and by trituration with n-pentane 
at —77° it was isolated (m. p. and mixed m. p. 74-5—75°). Attempted distillation of the acid 
fraction through a Stedman column gave 4,8-dimethylnona-1,3,7-triene (4-2 g.) and then 
mixtures of acid and lactone. Only after repeated distillation of the upper fractions was 
5,9-dimethyldeca-2,4,8-trienoic acid obtained apparently lactone-free (Found: C, 73-8; 
H, 9-4%; microhydrogenation 2-85H,), Amax. 274°5 my. (e 23,320). The p-bromophenacy] ester, 
after repeated crystallisation, had m. p. 99-5—100-5° and was identical with the tvans-2- 
derivative, m. p. 100°, described above. The isobutylamide, b. p. 142—148°/2 x 10° mm., 
n,** 15291 (Found: N, 5-4. C,,H,,NO requires N, 5-6%), was not appreciably toxic to 
Tenebrio molitor. The saturated acid produced on preparative hydrogenation (2-93 mol. 
absorbed) gave a p-bromophenacy]l ester, m. p. 59—60°, identical (mixed m. p.) with p-bromo- 
phenacyl 5,9-dimethyldecanoate. 

5,9-Dimethyldecanoic Acid.—Citral was catalytically hydrogenated to tetrahydrocitral and 
the latter was condensed with malonic acid to give 5,9-dimethyldec-2-enoic acid (containing 
some 5,9-dimethyldec-3-enoic acid), b. p. 120—128°/0-3 mm., n,™ 1-4690—1-4713. Hydro- 
genation of the mixture over palladium-carbon in ethanol gave 5,9-dimethyldecanoic acid, 
b. p. 104—108°/0-5 mm., »,"" 1-4400—1-4404, vmax 1706 cm. (saturated CO,H) [p-bromo- 
phenacyl ester, m. p. 60—61°, from ethanol (Found: C, 60-3; H, 7-45. Calc. for CygH,O,Br: 





an CH wm mo © WD = ee 


a af aoe oe ee ee Oe ee ee ee Oe 


[1960] “ Citrylidene-malonic Acid.” 3751 


C, 60-45; H, 7-3%), Amax. 255 my (€ 18,000), vmax, (mull) 1742s (saturated ester), 1706s (C=O), 
1590w (Ph), 1160w, 1072w, 1010w, 973w and broad, 828m, and 816m cm." 4). ’ 

4,8-Dimethylnona-1,3,7-triene.—Methyltriphenylphosphonium .bromide (58-2 g.) was added 
jn portions and with stirring to phenyl-lithium in ether [from bromobenzene (28-2 g.) and 
lithium (2°58 g.)]. After 3 hours’ stirring, citral (24-5 g.) in ether (40 ml.) was added and 
stirring continued for 3 hr. The product was heated under reflux for 1 hr., water (200 ml.) was 
added, and the ethereal layer was separated and washed with 6N-hydrochloric acid, 40% 
aqueous sodium pyrosulphite, and then water. After drying and evaporation the product 
(31-2 g.) was distilled (12-9 g.) and after redistillation from sodium gave 4,8-dimethylnona- 
1,3,7-triene, b. p. 102°/22 mm., m,,** 1-4835 (Found: C, 87-45; H, 12-1. Calc. for C,,Hj,: C, 
87-9; H, 12-1%; microhydrogenation 3-0H,), Amax, 235 my (e 22,950), vmax, (liq.) 1675, 815 
(Me,C:CH:), 1647, 1600, 997, 897 cm. (‘*CMe:CH-CH:CH,). 

Doebner Condensation between 3,7-Dimethyloct-2-enal and Malonic Acid.—Malonic acid 
(3:5 g.) was added to pyridine (5-5 g.) and 3,7-dimethyloct-2-enal (4-88 g.). The mixture 
darkened rapidly and was set aside at 20° for 7 hr., then heated for 6 hr. at 70° and extracted 
with 2N-sodium hydroxide. These extracts were extracted with ether before acidification and 
collection of the acid (2-22 g.) with ether. After removal of pyridine with dilute sulphuric acid 
a neutral fraction (3-1 g.) was obtained. Distillation of the acid gave four fractions, b. p. 
119—142°/0-2 mm., ,* 1-4762—1-4890 (some resinification). Attention was concentrated 
on the main material, b. p. 134—142°/0-2 mm., m,* 1-4847—1-4890 (Found: C, 72-9; H, 10-35. 
Calc. for C,H 0,: C, 73-4; H, 10-25%), Amax, 234 my (e 12,100) and 273 my (e 5200). The 
p-bromophenacyl ester had m. p. 69° (from ethanol) and is the derivative of the retro-acid com- 
ponent (Found: C, 59-85; H, 6-25. C,9H,,O,Br requires C, 61-1; H, 64%), Amax 245 my 
(c 25,500) [subtracting from the curve obtained, that for the p-bromophenacy] ester of 5,9-di- 
methyldecanoic acid, gives Amax, 232 my (¢ 22,000)]. In the infrared spectrum there were 
Vmax, 1743s (a-saturated ester), 1708s (C=O), 1592m (Ph), 1235m, 1217m, 1170m, 1157m, 1067mw, 
1049w, 1010w, 978i, 970s, 839m, 826m, 816m, 810i, 729m, and 720m cm... A _ portion 
of the acid (550 mg.) was heated under reflux with phosphorus oxychloride (0-2 ml.) in benzene 
(8 ml.) for40 min. The black solution was poured into water and extracted with ether. Drying 
and evaporation of the extract gave an oil which was distilled at 0-1 mm. [vax 1686s (a-un- 
saturated acid), 1631s and 1616s (#vans-2-diene), 980m and 890m cm.*?: no absorption near 
830 cm.] and converted into p-bromophenacyl 5,9-dimethyldeca-trans-2,4-dienoate,* m. p. 100° 
(Found: C, 61:05; H, 665%), Amax. 275 my (¢ 44,900), vinax, 1712i (x-unsaturated ester), 1695s 
(C=O), 1631m, 1610m (conjugated tvans-2-diene), 1586(Ph), 1412m, 1318m, 1282m, 1238w, 
1208m, 1167s, 1145s, 1104w, 1070m, 1009m, 982w, 978s, 892s, 856w, 830w, 820i, 813m, 729m, 
and 721m cm.7}. 

The neutral fraction, b. p. 93—99°/0-2 mm., m,,”° 1-4680 (Found: C, 73-4; H, 10-4. C,,H 90, 
requires C, 73-4; H, 10-25%), had ultraviolet end absorption ¢ 1600 at 216 muy, Vmax, 1720s 
(x-unsaturated lactone), 1634w (°C:C), 813m (cis-CH:CH:CO), and 724m cm.. Lactone 
(870 mg.) was added to sodium (112 mg.) in dry methanol (5 ml.) and after 2 hr. the acidic 
product was isolated in the usual way. The infrared spectrum before distillation showed 
partial lactonisation, Vmax 1712 very broad (merged acid and §-lactone bands), 1637m and 
1602m (cis-2-diene) and 828m (cis-CH:CH-CO). Distillation (b. p. 120°/0-03 mm.) apparently 
caused more lactonisation and the product, ,** 1-4730, had Amax, 275 my (e 4250) with infrared 
bands as above. The #-bromophenacyl ester, m. p. 78°, had Amax, 280 my (ce 28,600) with 
intrusion of a strong inflexion near 260 my due to the phenacy] residue: vp, 1714 («-unsaturated 
ester), 1695s (C=O), 1636m, 1592m (cis-2-diene; latter band overlies the Ph vibration), 1439m, 
1277w, 1235w, 1206m, 1175s, 1071m, 1010m, 975m, 897w, and 822s. 

“ Farnesylidene-malonic Acid.’’—(a) Malonic acid (10-4 g.) was added to a mixture of 
farnesal (11 g.) and pyridine (3-95 g.), and the whole was heated at 110° for 5 hr. Ether was 


* From the two pairs of p-bromophenacyl esters of cis- and trans-2-acids with the chromophore 
*C(Me):CH-CH:CH-COR it was noted that, whereas all the esters have a fairly strong doublet at 1203— 
1212m cm.-! and 1160—1175s cm.~!, the trans-2-compounds also have a band at 1130—1145 ms cm.*! 
and one at 1410—-1420 cm.~!: both aye absent in the cis-series, where there is an extra band at 1438 
cm." An expected band at 978—980 cm.~! is present in the trans-2-compounds, but as the cis-2 also 
have a band at 975 cm.~!, its utility is limited. Similarly, there is the expected band at 817—822 cm.~! 
(cis-CH°CH-CO*) in the cis-2-series, but in each case there is interfering absorption in the other series. 
Both trans-2-isomers, however, show a clear doublet at 728 and 722 cm.~!, whereas the cis-2 have a single 
broad band here. 
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added and the mixture was set aside at 0° for 18 hr. Recrystallisation of the product from 
ethanol gave ‘‘ farnesylidene-malonic acid” (2-8 g.), m. p. 141—142°. (b) Powdered malonic 
acid (5-2 g.) was added to a mixture of farnesal (11-0 g.) and pyridine (3-95 g.), and the suspension 
was shaken for 24 hr., then set aside for 5 weeks. The product was warmed to 55—60° for 15 
min., then cooled, and the crystals were collected and united with further product obtained 
from the mother-liquors (3-77 g.; m. p. 138-5—140°): crystallisation from ethanol (needles) 
raised the m. p. to 140-5—141-5°. ‘‘ Farnesylidene-malonic acid ” (Found: C, 70-65; H, 8-55%; 
M, 291; microhydrogenation 0-99H,. C,,H,,O, requires C, 70-55; H, 855%; M, 306) 
reacted neutral, gave a positive test with nitromethane, and showed no ultraviolet absorption 
maximum. On ozonolysis ‘‘ farnesylidene-malonic acid ” (950 mg.) in ‘‘ AnalaR ”’ acetic acid 
(10 ml.) gave acetone 2,4-dinitrophenylhydrazone (202 mg.), m. p. and mixed m. p. 126°, 
“‘ Farnesylidene-malonic acid ” (0-7 g.) was heated at 190—200° for 4 hr. under water-pump 
vacuum: the yellow acidic oily product showed Aggy, 274 my (ce 15,300) with a less 
prominent maximum at 233 my (ec 5900). 
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747. The Chemistry of Quadrivalent Germanium. Part VIII.* 
Complexes of Germanium with Tartaric, Lactic, and Mucic Acid. 


By D. A. Everest and J. C. HARRISON. 


The complexes formed between germanic acid and tartrate, lactate, and 
mucate have been studied by ion-exchange methods. With tartaric acid the 
1: 1 tartrate-germanium complex has been confirmed as occurring at low tar- 
trate (= Ta) concentrations, above which the 3: 2 complex occurs. Evidence 
has been obtained that polynuclear species of the type Ge,Ta,_,*-, where * 
is ca. 5, exist in solutions containing much germanium and tartrate. With 
lactic acid evidence has been obtained for the occurrence of 3:1, 2: 1, and 
1:1 lactate-germanium complexes. The mucic acid complexes of ger- 
manium appear to resemble those of lactic acid at low pH, tartaric acid 
complexes at middle pH, and polyhydric alcohol complexes at high pH values. 
Tentative suggestions are made concerning the structure of the complexes. 


CompounDs with two adjacent hydroxyl or carboxyl groups have been shown to form 
stable complexes with germanium.’ Complexes from compounds containing only 
carboxy] groups are most stable below pH 7 and break down in alkaline solution, whereas 
those from di- and poly-hydroxy-compounds are most stable at high pH values and rel- 
atively unstable in acidic media. Compounds possessing adjacent hydroxyl and carboxyl 
groups would be expected to show complex-forming behaviour intermediate between 
those of the first two ligand classes. 

Hydroxy-acids may be divided into two categories, simple hydroxy-acids containing 
the minimum number of groups required to afford a complex with germanium, ¢.g., lactic 
acid, and compounds containing more than this minimum number of groups, such as 
tartaric and mucic acid. Complexes formed by acids of each group with germanium have 


* Part VII, J., 1960, 1745. 


1 Everest, J., 1955, 4415. 
® Everest and Harrison, J., 1957, 4319. 
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been recently described. Vartapetian e¢ al.*4 concluded from conductivity, pH, and 
optical-activity measurements that tartaric acid forms only a 1:1 ligand-germanium 
complex; this complex is stable below pH 6 but decomposes at pH 6—10. It was also 
reported that lactic and mandelic acid formed respectively 2 : 1 and 3 : 1 ligand-germanium 
complexes. Mattock ® found strong evidence for the 1:1 tartrate-germanium complex, 
and also put forward evidence for the existence of 2:1 and 1:2 tartrate-germanium 
complexes. Pflugmacher and Rohrman® also found evidence for the 1:1 tartrate- 
germanium complex but disagreed with Vartapetian’s findings * concerning mandelic acid 
which they reported as forming a 2: 1 ligand-germanium complex, which they isolated as 
neutral crystals. 

Clark and Waddams? and Clark § have made a brief survey of the complexes formed 
between germanium and twenty-four hydroxy-acids and have suggested combining ratios 
under the conditions used; in three cases, mandelic, benzilic, and hydroxyhexanoic acid, 
neutral 2: 1 ligand-germanium complexes were isolated in crystalline form. 

As in previous investigations in this series, we used ion-exchange methods. In this 
instance they possess the advantages of being different from the techniques used in previous 
investigations and of allowing study of more concentrated solutions. 
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EXPERIMENTAL 


Solutions.—These were prepared in a manner analogous to that previously described.°® 
Lactic acid solutions were boiled immediately before use to decompose any lactide or lactyl- 
lactic acid present. pH values were adjusted by addition of sodium hydroxide or hydro- 
chloric acid. 

Resins —Amberlite I.R.A.400 in the chloride, tartrate, lactate, or mucate form was used in 
most experiments; details of the preparation of these resin salt forms are given elsewhere.’ 
Solutions were equilibrated for at least 14 days with regular shaking. 

Analytical Methods.—Germanium and chloride were determined, respectively, iodometrically ™ 
and gravimetrically as silver chloride. Tartrate, lactate, and mucate were determined 
iodometrically as described elsewhere.!° 

R Values and Controls for Various Systems.—R values (moles of acid occupying one equiv- 
alent of resin 115) for tartaric, lactic, and mucic acid are included in the Tables of results for 
the systems studied. The R values for lactic acid rise above one at low pH values owing to 
sorption of lactyl-lactic acid, the formation of the latter being apparently catalysed by the 
resin as the solution was freed from condensation products of lactic acid by prior boiling. In 
order to minimise the importance of the R value of free lactic acid in calculation, all experiments 
in the germanium -lactic acid system were so devised that the resin was largely satisfied by 
complex or complex plus chloride. 

In systems containing high concentrations of organic acids at low pH values a high propor- 
tion of the acid is un-ionised and invades the resin as non-exchange electrolyte; this has been 
allowed for by control experiments. In determining such control values, and in all actual 
experiments, it is essential to standardise rigidly the washing procedure and to use a relatively 
large resin bead-size (20—30 mesh) to facilitate rapid washing. 


RESULTS AND DISCUSSION 


Germanium-—T artaric Acid System.—Section a of Table 1 contains results of experiments 
with 26 mg.-atoms of germanium and 75 mmoles of tartrate per 1. Between pH 0-78 


* Vartapetian and Tchakarian, Compt. rend., 1953, 236, 81. 

* Vartapetian, Ann. Chim. (France), 1957, 2, 916. 

5 Mattock, J., 1954, 989. 

® Pflugmacher and Rohrman, Angew. Chem., 1957, 69, 78. 

? Clark and Waddams, Nature, 1957, 180, 904. 

8 Clark, Nature, 1959, 188, 536. . 

® Everest and Harrison, J., 1960, 1745. 

10 Harrison, Thesis, London, 1959. 

11 Everest, J., 1953, 4117. 

12 Everest and Salmon, J., 1954, 2438; Everest and Harrison, J., 1959, 2178. 
8 Russell and Salmon, /., 1958, 4708. 
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and pH 9 the resin capacity can be accounted for in terms of sorption of a univalent 1:1] 
tartrate-germanium complex together with free tartrate. Below pH 1-24 the presence of 
hydrochloric acid inhibits the sorption of free tartrate, so that resin sites not occupied by 


TABLE 1. Sorption of germanium and tartrate from solutions by Amberlite I1.R.A. 400-Ta. 


Section a. Germanium and tartrate concns. 26 mg.-atoms and 75 mmoles per l. respectively. Sol- 
ution 150 ml.; 0-5 g. of resin. 


Species sorbed; mole or g.-atom Resin capacity, equiv. per equiv. 


per equiv. of resin of resin, calculated for 
es R value of a” 














¢ al "a? 
pH Ge Ta Cl free Ta GeTa~ + Ta Germanate + Ta 
0-78 0-71 0-725 0-265 1-0 0-99 — 
1-2 0-865 0-87 0-085 1-0 0-96 — 
1-8* 0-885 0-825 — 0-75 — — 
2-9 0-715 0-865 — 0-5 1-01 — 
4:5 0-67 0-82 —_— a 0-97 — 
6-05 0-60 0-805 = Me 1-01 — 
7-6 0-58 0-81 — rs 1-04 _ 
8-15 0-57 0-79 -- o 1-03 -- 
8-95 0-50 0-74 — » 0-99 2-48 
10-2 0-34 0-50 o- Pe 0-66 1-68 
Ill 0-135 0-44 _ * 0-80 0-98 
12-0 0-115 0-41 —- ve 0-77 0-97 
Section b. 3 mg.-atoms of germanium, 3—450 mmoles of tartrate. Solution 75—100 ml. 
Species sorbed; mole or g.- Resin capacity, equiv. per 
atom per equiv. of resin equiv. of resin, calculated 
mmoles of - Aw ~ for 
Ta in Non-ex- Rvalueof ,- al natty 
soln, pH * Ge Ta change Ta__ free Ta GeTa~ + Ta Ge,Ta,?~- + Ta 
6 1-45 0-78 1-00 —_— 0-90 1-02 _- 
9 1-40 0-74 0-995 — 1-00 0-995 — 
12 1-36 0-73 1-03 — oa 1-03 —_— 
15 1-32 0-70 1-07 _ ra 1-07 — 
18 1-30 0-685 1-10 — ‘ 1-10 0-76 
24 1-26 0-675 1-20 - a 1-20 0-83 
30 1-18 0-595 1-32 —- = 1-32 1-00 
45 1-14 0-57 1-32 0-05 ™ 1-32 1-03 
120 1-06 0-50 1-31 0-25 - _ 1-06 
240 0-96 0-40 1-23 0-45 pa ~- 1-03 
300 0-68 0-38 1-24 0-57 - — 1-05 
450 0-52 0-23 1-19 0-70 = — 1-07 


* The natural pH of the system. 


complex are occupied by chloride. Above pH 11 the 1:1 complex is completely 
dissociated, the resin capacity being accounted for in terms of sorption of free germanate 
and tartrate. In the pH range 9—11 a mixture of germanate, tartrate, and 1 : 1 complex 
is sorbed by the resin. This picture of a predominant 1:1 complex in dilute solution of 
germanium and tartrate agrees with the conclusions reached by previous workers.** 
The breakdown of the complex in the pH range 9—11 agrees approximately with 
Vartapetian’s conclusions. 

There is one discrepant result in section a of Table 1 at the natural pH of the system 
(1-8) where the capacity of the resin cannot be accounted for in terms of the sorption of 
a 1:1 complex plus free tartrate. As it is most unlikely that any free germanate is sorbed 
by the resin at this particular pH, it appears that some of the complex ions entering the resin 
phase contain relatively more germanium than do the simple 1:1 complexes. This 
by atypical behaviour at the natural pH is due to lack of effective competition for the 
resin sites caused by the low degree of ionisation of the system at this pH. This leads 
to appreciable sorption of ions that are only minor constituents of the system; this effect 
can often be of use in detection of such minor species. 

Section b of Table 1 gives results of experiments with solutions containing 30—40 
mg.-atoms of germanium per 1. and increasing amounts of tartaric acid at the natural pH, 
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the highest solution mole ratio being 150:1. The result with equal quantities of tartrate 
and germanium resembles the result at pH 1-8 in section a, in that a small amount of 
complex with a tartrate : germanium ratio of less than unity is sorbed together with the 
1:1 complex. Between tartrate : germanium solution mole ratios of 2:1 and 5:1 the 
resin capacity can be accounted for solely in terms of sorption of the 1: 1 complex plus 
free tartrate. Between solution ratios of 15:1 and 100: 1 the resin capacity is accounted 
for in terms of sorption of a doubly charged 3 : 2 tartrate : germanium complex plus free 
tartrate. At higher tartrate: germanium solution ratios some singly charged 3:2 
complex is taken up by the resin. 

Some indication as to the nature of the complexes with tartrate : germanium ratios less 
than unity has been obtained by experiments with solutions containing 20—280 mg.-atoms 
of germanium per |. and with a 1 : 2 tartrate : germanium solution ratio at the natural pH 
of the system (here and elsewhere more detailed results are given in ref. 10). As it is 
unlikely that any free germanate or tartrate will be sorbed by the resin at these low pH 
values (1-6—1-1), and as it can be assumed that in presence of excess of germanium no free 
tartrate will be sorbed by the resin, the ratio of tartrate : germanium on the resin approxi- 
mates to the mean tartrate: germanium ratio in the sorbed complexes. It was found 
that at germanium solution concentrations of at least 80 mg.-atoms per 1. the tartrate : ger- 
manium resin ratio was ca. 0-8 and the total amount of germanium sorbed was ca. 1-0—1-1 
equiv. per equiv. of resin. Such results would accord with the sorption by the resin of 
germanium-rich polynuclear species such as Ge;Ta,*~ where x = 4—5. 

Repeating these experiments: but with a 2:1 tartrate : germanium solution ratio gave 
very similar results, except at the highest concentrations (>330 mmoles of tartrate per 1.), 
indicating that germanium-rich polymers were still sorbed by the resin despite the excess 
of tartrate in solution. At tartrate concentrations above 330 mmoles per 1. these 
germanium-rich polynuclear species appear to be broken down, and only the 1 : 1 tartrate— 
germanium complex is taken up by the resin. Thus the highest tartrate-rich species 
appears to be the 3: 2 complex which is sorbed by the resin from solutions containing a 
10: 1 or greater tartrate-germanium ratio (section b, Table 1). 

Germanium—Lactic Acid System.—In sections a and b of Table 2 are given results for 
solutions containing 30 and 40 mg.-atoms of germanium and 90 and 400 mmoles of lactic 
acid respectively. Except at the lower pH values, where the 3:1 lactate-germanium 
complex appears to be the chief complex species sorbed, the resin capacity below pH 8 
cannot be accounted for in terms of sorption of any one complex plus free lactate. GeLa,?~ 
or GeLa,~ gives low calculated capacities, whilst GeLa,*~ or GeLa~ gives calculated 
capacities which are too high. It seems probable that a mixture of all these complexes 
is being sorbed by the resin, the proportion of the 1:1 species sorbed increasing with 
increased pH. Above pH 8 the complexes break down into free germanate and lactate, 
and the capacity can be quantitatively accounted for in terms of sorption of these two 
species. As was also found in the tartrate system the results obtained at the natural pH 
of the lactate systems are anomalous. 

In section c of Table 2 are shown results obtained from solutions containing greater 
quantities of germanium and Jactate in presence of hydrochloric acid. At these acidities 
sorption of lactate ion is negligible, but allowance must be made for invasion of the resin 
by non-exchange lactic acid. These results indicate that the 3:1 Jactate-germanium 
complex is the only species capable of competing with chloride. The resin capacity cannot 
be accounted for in terms of sorption of either GeLa,~ or GeLa,?~ alone, and it appears 
that a mixture of these two species is sorbed under these conditions, the average charge 
on the complex being ca. 1-5. . 

Germanium—Mucic Acid System.—Mucic acid, with two carboxyl groups separated by 
four CH(OH) groups, could conceivably react with germanic acid in three different ways. 
With six potential ligand groups it could form a strong 1: 1 complex similar to the 1:1 
tartrate-germanium complex; or each carboxyl with its adjacent hydroxyl groups could 
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behave as an independent co-ordinating centre so that mucic acid would behave as a 
dilactic acid; or mucic acid could react only through its hydroxyl groups, so resembling 
mannitol in its complex-forming reactions. 

The investigation of this system is severely hampered by the low solubility of mucic 


TABLE 2. Sorption of germanium and lactate from solutions by Amberlite I.R.A. 400-La. 


Sectiona. Germanium and lactate concns. 30 mg.-atoms and 90 mmoles per |. respectively. Solution 
75 ml.; 0-5 g. of resin. 


Resin capacity, equiv. per equiv. of resin, 








Species sorbed; mole or g.- calculated for 
atom per equiv. of resin Rvalue , scr —. 
on ~ ity of free GeLa,?— GeLa,- GeLa~ Germanate 
pH Ge La Cl La + La + La + La + La 
1-15 0-05 0-15 0-995 1-06 — -— - 
1-75 * 0-50 1-275 ~- 1-7 —- 0-62 0-96 — 
3-15 0-47 1-54 — 1-4 1-03 0-82 1-22 — 
4:7 0-445 1-34 -= 1-2 0-89 0-81 1-17 — 
6-15 0-43 1-28 — 1-1 0-86 0-80 1-22 1-40 
7-3 0-39 1-21 — 1-0 0-83 0-83 1-21 1-35 
8-3 0-29 0-99 —- 1-0 0-70 0-70 0-99 1-10 
9-0 0-70 0-72 = aa -= -- _ 0-99 
10-6 0-76 0-40 _- pe -= —- - 0-99 
11-8 0-41 0-15 — és — ~ — 0-97 


Section 6. Germanium and lactate concns. 40 mg.-atoms and 400 mmoles per 1. respectively. 
Solution 75 ml.; 0-5 g. of resin. 


1-25 0-15 0-44 0-79 _— 1-09 —_— —_ 

1-50 * 0-46 1-38 _— 1-7 0-93 0-73 0-99 
2-8 0-43 1-415 _ 1-5 0-94 0-74 1-10 
4:3 0-385 1-35 —_ 1-3 0-93 0-84 1-14 
6-05 0-38 1-335 _— 1-1 0-94 0-89 1-26 
7-85 0-33 1-24 — 1-0 0-91 0-91 1-24 


Section c. Germanium and lactate concns. 120 mg.-atoms and 1200 mmoles per 1. respectively. 
Solution 75 ml.; 0-5 g. of resin. 


Species sorbed; mole or g.-atom Resin capacity, equiv. per equiv. 








per equiv. of resin Ratio La : Ge of resin, calculated for 

one “a —_, in sorbed — “~ = 

pH Ge La Cl complex GeLa,~ + Cl GeLa,?- + Cl 
0-60 0-18 0-54 0-72 2-95 0-90 1-08 
0-75 0-28 0-84 0-575 2-96 0-86 1-14 
0-90 0-32 0-915 0-505 2-86 0-83 1-15 
1-05 0-38 1-12 0-395 2-90 0-78 1-16 


* The natural pH of the system. 


TABLE 3. Sorption of germanium and mucate from solutions by Amberlite 1.R.A. 400-Mu. 


Germanium and mucate concns. 30 mg.-atoms and 30 mmoles per I. respectively. Solution 100 ml.; 
0-5 g. of resin. 


Resin capacity, equiv. per equiv. of resin, calculated 








Species sorbed; g.-atom a ciees for 
iv. ; value — ~s a 
or —_— per equiv of a of ae pe 
pH Ge Mucate Cl mucate GeMu~ + Mu GeMu*?- + Mu GeMu*~ + Mu germanate 
1-25 0-450 1-36 0-313 0-75 
2:05 0-595 0-89 0-64 1-05 1-63 
3-5 0-505 0-70 0-56 0-87 1-39 
5-0 0-48 0-66 0-53 0-83 1-28 
6-5 0-475 0-62 0-52 0-74 1-23 
7-2 0-47 0-62 0-50 0-75 1-23 1-40 
8-8 0-46 0-58 a 0-70 1-16 1-30 
9-6 0-395 0-50 i 0-60 1-00 1-39 1-15 
10-4 0-325 0-43 a 0-54 0-86 1-18 1-05 
11-0 0-295 0-38 o» 1-06 1-06 
11-3 0-290 0-37 0° 1-03 1-15 
11-4 0-26 0-38 sn 1-00 1-09 
11-55 0-295 0-36 a 1-01 1-16 
12-35 0-275 0-38 0 1-04 1:30 











(is 


acit 


ger 
of 1 


thr 
pre 


con 
twe 
pro 
cha 
ll 
ger 


get 


ger 
sor 


the 
to 

aci 
the 


un 
wil 
ari 
she 
Ta 
tal 


wi 


tal 
rat 


co! 
rec 
do 
sh 
lov 
su 


mi 
ge 
im 
ge 














on 


oJ 





te 


[1960] 


acid (ca. 3 g. per 1.). This sets an upper limit to the mucate-germanium solution ratio if 
useful quantities of germanium are to be employed. 

In Table 3 are shown results obtained with solutions containing 30 mg.-atoms of 
germanium and 30 mmoles of mucic acid per 1. at different pH values. In the presence 
of free hydrochloric acid (pH 1-24), when the sorption of free mucate is very small (0-03 
mole per equiv. of resin), the ratio mucate: germanium on the resin is almost exactly 
three. This exclusive sorption of the 3:1 ligand-germanium complex by the resin in 
presence of free hydrochloric acid is similar to what occurs in the lactic acid system, and 
in contrast to the tartrate system where only the 1:1 complex is sorbed under similar 
conditions. In the pH range 2—10 no one complex satisfies the resin data for more than 
two consecutive results, and a mixture of complex ions is clearly being sorbed. The most 
probable explanation of these results is that a 1: 1 mucate-germanium complex, whose 
charge increases from one to two over this pH range, is being sorbed by the resin. At pH 
11 and above, the results are in accord with the sorption of a trebly charged 1 : 1 mucate— 
germanium complex. That sorption of free germanate and mucate appears to fit the resin 
data at pH 10-4 is considered fortuitous and due to the rapidly changing R value ” for 
germanate between pH 9 and pH 12. 

Very similar results have been obtained with solutions containing 30 mg.-atoms of 
germanium and 50—90 mmoles of mucate per 1. between pH 1-4 and pH 11-7, exclusive 
sorption of the 3: 1 mucate-germanium complex by the resin again occurring in presenes 
of hydrochloric acid. 

Structure of Complexes.—The salient feature of the germanium-tartaric acid system is 
the stability of the 1: 1 tartrate-germanium complex, this stability being considered due 
to the tartrate’s acting as a quadridentate ligand. It is considered that, with all three 
acids studied, the hydrogen atoms are displaced from the tartrate’s hydroxyl groups on 
their interaction with germanium. As the 1:1 complex carries a negative charge it 
cannot possess a tetrahedral configuration (which would imply that it is a derivative of 
un-ionised orthogermanic acid), and it is suggested that it possesses an octahedral structure 
with water molecules filling the last two co-ordination positions, the negative charge 
arising from ionisation of a proton from one of these two water molecules. Such a complex 
should become doubly charged at high pH values but, as shown by the results given in 
Table 1, further ionisation is preceded by breakdown of the complex into germanate and 
tartrate. 

The formation of the 3: 2 tartrate-germanium complex can be envisaged as occurring 
without disturbing the quadridentate binding of the tartrates, two octahedral 1 : 1 units 
being linked by the displacement of the two water molecules on each unit by the bridging 
tartaric acid molecule. The non-occurrence of complexes with higher tartrate : germanium 
ratios than 3:2 is largely accounted for by the fact that formation of such complexes 
would involve rupture of at least one of the tartrate-germanium bonds of the original 1 : 1 
complex. That the charge on the 3:2 complex is two, becoming one at low pH values, 
requires explanation. An octahedral germanium complex with anionic ligands is normally 
doubly charged, and a binuclear complex such as the 3:2 tartrate-germanium species 
should carry four negative charges. However, the 3 : 2 complex has been detected only at 
low pH values, so that it is considered that the ionisation of this complex has been partly 
suppressed. 

At high germanium concentrations the 1:1 tartrate-germanium complex forms 
aggregates, yielding polymers Ge,Ta,_,. These are presumably linear, each tartrate 
acting as a double bidentate group binding two octahedral germanate units (cf. the 
mannitol-germanium polymers ®); they differ from the 3:2 complex in having terminal 
germanate rather than tartrate units. The overall charge of one unit per germanium atom 
implies that, as with the 1:1 complex, one of the water molecules on each octahedral 
germanium has lost a proton. 

In the lactic acid system only three complexes appear to occur, the 3:1, 2:1, and 1:1 
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lactate-germanium species. The 3:1 complex is doubly charged and thus possesses an 
octahedral configuration [cf. the Ge(C,O,),2~ complex (ref. 1)], whilst the 1:1 complex 
probably has a tetrahedral structure (by analogy with the 1:1 polyalcohol-germanium 
complexes *). The 2:1 lactate-germanium complex can occur in two possible forms, 
uncharged tetrahedral and charged octahedral. The charged complex has been detected 
and can be envisaged as possessing a structure similar to that of the 1:1 tartrate- 
germanium complex except that two lactate groups replace one tartrate. 

The 3:1 mucate-germanium complex observed at low pH values is analogous to the 
3:1 lactate-germanium complex, and is considered to possess an octahedral structure. 
The singly and doubly charged 1:1 complexes observed between pH 2 and pH 10 are 
considered to possess octahedral configurations also, as does the 1 : 1 tartrate-germanium 
complex. With these complexes, interaction occurs between the germanium and both 
the hydroxyl and the carboxyl groups of the mucic acid. The triply charged 1 : 1 mucate- 
germanium complex occurs at pH values above that at which carboxyl-germanium bonds 
break, so that in this complex the germanium is bound only by the hydroxyl groups of the 
mucic acid. Thus by analogy with the 1:1 mannitol-germanium complex,’ the triply 
charged 1:1 mucate-germanium complex has a tetrahedral structure based on ortho- 
germanic acid, three of the germanium’s hydroxyl groups interacting with hydroxyl groups 
on the mucic acid and leaving the fourth germanium hydroxyl group free to ionise. The 
extra two charges on the complex arise from the two independently ionised carboxyl 
groups of the mucic acid. The major difficulty arising with these postulated structures is 
the necessity for assuming that the 1:1 mucate-germanium complex changes from an 
octahedral to a tetrahedral structure as its charge rises from one to three. However, this 
might result from the change of the germanium binding through both carboxyl and 
hydroxyl groups (in the singly and doubly charged: complexes) to binding only through 
hydroxyl groups in the triply charged complexes. 

BATTERSEA COLLEGE OF TECHNOLOGY, LONDON, S.W.1I1. 
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748. Phosphorylated Sugars. Part I. The Alkaline Hydrolysis of 
Methyl «-pD-Glucoside 4,6-(Hydrogen Phosphate).* 


By (Mrs.) Patricia SzaB6é and L. Szaso. 


Alkaline hydrolysis of methyl «-p-glucoside 4,6-(hydrogen phosphate) is 
shown to produce methyl «-p-glucoside 4- and 6-phosphate in the ratio of 
4:1, no other phosphate being formed. Analogous results have been 
obtained with methyl @-p-galactoside 4,6-(hydrogen phosphate). A chroma- 
tographic method for the separation of the isomeric methyl glucoside mono- 
phosphates, on a basic ion-exchange resin in the borate form, is described. 


THE formation of cyclic phosphates during alkaline hydrolysis of diesters of phosphoric 
acid or pyrophosphates bearing a suitably placed hydroxyl group in one of the organic 
residues is now widely recognised, e.g., the formation of glucose 1,2-(hydrogen phosphate) 
from uridine-diphosphate-glucose,! pantothenic acid 2’,4’-(hydrogen phosphate) 2? from 
coenzyme A, nucleoside 2’,3’-(hydrogen phosphate) ** from ribonucleic acid, adenosine 


* For a preliminary note see Szabé and Szabé, Compt. rend., 1958, 247, 1748. 


1 Paladini and Leloir, Biochem. J., 1952, 51, 426. 

* Baddiley and Thain, J., 1952, 3783. 

* Markham and Smith, Biochem. J., 1952, 52, 552. 
* Brown, Magrath, and Todd, /., 1952, 2708. 
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3’,5’-(hydrogen phosphate) ® from adenosine triphosphate. The cyclic esters formed may 
be further hydrolysed to monoesters of phosphoric acid. If the course of the hydrolysis 
can be predicted, important conclusions may be drawn as to the structure of the starting 
material of natural origin by identification of the relatively stable end-product. 

Known cyclic phosphates have five-, six-, or seven-membered rings, of which those with 
five-membered rings are the best known and most widely investigated. Five-membered 
are generally less stable than six-membered rings towards reagents such as dicyclohexyl- 
carbodi-imide and hydrolytic agents; ® only one seven-membered cyclic phosphate has been 
described,* so no general conclusion can be drawn as to the stability of this class. 

We have investigated the behaviour of methyl «-p-glucoside 4,6-(hydrogen phosphate) 7 
(I). This was transformed almost quantitatively by ~0-5N-barium hydroxide at 100° 
in 4 hr. into a methyl hexoside monophosphate with only a negligible amount of 
inorganic phosphate. Baddiley and Thain § showed that pantothenic acid 2’,4’-(hydrogen 
phosphate), in which the phosphoric acid is esterified simultaneously with a primary and a 
secondary hydroxyl group forming a six-membered ring, yields under similar conditions 
exclusively the 4’-phosphate; i.e., the phosphate group remains attached to the primary 
carbon atom. If alkaline hydrolysis of methyl «-p-glucoside 4,6-(hydrogen phosphate) 
followed the same pattern, it should afford methyl «-p-glucoside 6-phosphate. The 
formation of a derivative of D-galactose, arising through alkyl-oxygen fission during the 
hydrolysis is not expected, as it has been shown ® that diesters of phosphoric acid are 
hydrolysed in alkaline medium by phosphorus-oxygen fission. As will be seen below, 
comparison of the behaviour of methyl «-p-glucoside 6-phosphate and methyl $-p-galactos- 
ide 6-phosphate on ion-exchange columns makes such an alternative very improbable; 
it is, however, not rigorously excluded. 

Methyl «-p-glucopyranoside 6-phosphate has three vicinal hydroxyl groups and 
accordingly should consume two equivalents of periodate: the methyl hexoside mono- 
phosphate obtained by hydrolysis as above consumed only somewhat more than one 
equivalent and could not therefore be the 6-phosphate. This behaviour towards periodate 
would be explained if the methyl hexoside were methyl «-p-glucoside 4-phosphate. In 
view of the reported behaviour of pantothenic acid 2’,4’-(hydrogen phosphate) and since 
1,2-0-isopropylidene-p-xylofuranose 3,5-(hydrogen phosphate) ! gave on alkaline hydro- 
lysis (followed by acid hydrolysis to remove the isopropylidene group) a mixture of 18% 
of xylose 3-phosphate and 45% of xylose 5-phosphate, it seemed improbable that methyl 
«-D-glucoside 4-phosphate would be the sole product of hydrolysis. It was therefore 
necessary to characterise the reaction product further. 

It was considered that during the alkaline treatment of the cyclic phosphate an intra- 
molecular transesterification might have occurred, leading, on hydrolysis, to several or all 
of the isomeric methyl glucoside phosphates. Such transesterifications are known to 
occur with diesters of glycerophosphoric acid‘ and involve five-membered rings. To 
investigate this hypothesis a method of separating the four isomeric phosphates of methyl 
glucoside was sought. 

Khym and Cohn ® separated glucose 1- and 6-phosphate, fructose 6-phosphate, and 
ribose 5-phosphate by ion-exchange column chromatography using an eluant containing 
borate. In all these sugar phosphates, except glucose 1-phosphate, the functional groups 
of the first and the second carbon atom of the sugar moiety are unsubstituted. The 
hypothesis that these groups are involved in strongly ionised borate-complex formation * 


Lipkin, Markham, and Cook, J. Amer. Chem. Soc., 1959, 81, 6075. 
Khorana, Tener, Wright, and Moffatt, J. Amer. Chem. Soc., 1957, 79, 430. 
Baddiley, Buchanan, and Szabé, J., 1954, 3826. 

Baddiley and Thain, J., 1951, 8421. 

Blumenthal and Herbert, Tvans. Faraday Soc., 1945, 41, 611. 

Moffatt and Khorana, J. Amer. Chem. Soc., 1957, '79, 1194. 

Long and Maguire, Biochem. ]., 1953, 54, 612. 

Khym and Cohn, J. Amer. Chem. Soc., 1953, 75, 1153. 

MacPherson and Percival, J., 1937, 1920. 
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was corroborated by the observation that the elution position of glucose 1-phosphate was 
practically unaffected by varying concentrations of borate. It seemed thus unlikely that 
a separation of the methyl glucoside phosphates could be achieved by using Khym and 
Cohn’s system; in fact, although methyl glucoside 4- and 6-phosphate were separable from 
each other, methyl glucoside 2- and 4-phosphate were eluted in the same position. We 
believe that the separation of methyl glucoside 6-phosphate from the 2- and 4-phosphate 
is due to differences in the acid strength of the esters. 

Using zone electrophoresis, Foster and Stacey showed, by blocking individual 
hydroxyl groups of methyl glucopyranosides, that under certain conditions the 4- and 
6-hydroxy] groups may be involved in complex formation with the borate ion. It is also 
known that the complex formation increases with increasing pH values.® It thus seemed 
likely that by increasing the pH of the eluant and augmenting the borate-ion concentration 
in the system, a separation of the four isomeric phosphates might be achieved. Accordingly 
an anion-exchange resin, Dowex 1, in the borate form was used and the sugar phosphates 
were eluted with a solution of potassium borate: methyl «-p-glucoside 2-, 3-, 4-, and 6- 


phosphate '* and methyl a-p-glucoside 4,6-(hydrogen phosphate) were then all easily separ- 
able (Fig.). 
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Separation of methyl a-D-glucoside 4,6-(hydrogen 
phosphate) and methyl a-v-glucoside 6-, 4-, 3-, 
and 2-(dihydrogen phosphates) (fractions each 
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Analysis of the alkaline hydrolysate of methyl glucoside 4,6-(hydrogen phosphate) by 
this method disclosed besides a trace of unhydrolysed material, 4—5 times as much methyl 
«-D-glucoside 4- as 6-phosphate, no other isomer being present. 

These experiments prove that intramolecular transesterification does not take place 
during the alkaline treatment of the cyclic phosphate. 

The absence of interference of the 2- and 3-hydroxyl groups with the course of the 
hydrolysis has been rigorously proved in the following manner. Methyl 2,3-di-O-benzyl- 
a-D-glucoside 4,6-(hydrogen phosphate) has been synthesised '* and hydrolysed with 
barium hydroxide. The resulting methyl 2,3-di-O-benzyl-«-p-glucoside monophosphate(s) 
were hydrogenated on a palladium catalyst to remove the benzyl groups (no migration of 
phosphate groups is to be expected). Again 4—5 times as much 4- as 6-phosphate was 
ound. 

We investigated also the effect of the conformation of the molecule on the hydrolysis. 
In methyl §-D-galactoside 4,6-(hydrogen phosphate) #® (II) the pyranose and the six- 
membered phosphate rings are cis-fused and the phosphate ring does not confer rigidity 
on the sugar moiety, whereas in methyl glucoside 4,6-(hydrogen phosphate) (I) the rings 
are trans-fused and the pyranose ring is rigidly maintained in the Cl conformation.!”7_ The 
former ester was therefore hydrolysed as above and the products were analysed on an 


14 Foster and Stacey, J., 1955, 1778. 

15 Consden and Stanier, Nature, 1952, 169, 783. 

16 Szabé and Szabé, following paper. 

17 Reeves, J. Amer. Chem. Soc., 1949, 71, 215, 1737. 
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ion-exchange column standardised with methyl §-p-galactoside 4- and 6-phosphate.!* 
Again, about 4 times as much 4- as 6-phosphate was formed, proving that the conformation 
js without marked influence. 

Alkaline hydrolyses of adenosine 3’,5’-(hydrogen phosphate) * and of thymidine 
3',5’-(hydrogen phosphate) ! also follow this pattern, giving 4—5 times as much 3’- as 


Os 


P 
HO” “oO 


° ° 


HO HO = HO HO-S—OMe 
: (11) 


5'-phosphate. However, in these compounds the sugar is in the furanose and not in the 
pyranose form, and the results are therefore not strictly comparable with ours. 

The reasons for this “ anomalous” hydrolysis of these compounds are not clear at 
present. Further experiments are in progress. 


EXPERIMENTAL 


Separation of Methyl Glycoside Phosphates—A column of anion-exchange resin (Dowex 
1 x 2; 200—400 mesh; 1-85 x 26-5 cm.) was converted into the borate form, the excess of 
borate removed by washing with water, and the column treated with 0-0185m-dipotassium 
tetraborate (100 ml.) (solution A). The sugar phosphate or mixture of sugar phosphates was 
adsorbed on to the column from solution A (10 ml.), and the column washed with a further 
11 ml. of solution A before elution with a 0-062m-solution of dipotassium tetraborate (solution B) 
(11 ml. fractions; flow rate 0-5 ml./min.), the sugars being detected with the anthrone reagent.”° 
It was immaterial whether the sugar phosphates were adsorbed on to the column as their 
barium or cyclohexylammonium salts. The elution positions of each of the four monophos- 
phates of methyl «-p-glucoside and of the cyclic phosphate were determined in successive 
experiments. A mixture of the five sugar phosphates (10 mg. of the cyclohexylammonium 
salt of each) was then separated on the same column (Fig.) and finally the alkaline hydrolysate 
(40 mg. of the barium salt) of methyl «-p-glucoside 4,6-(hydrogen phosphate) was analysed. 

The same column was used for the separation of the methyl 6-p-galactoside 4- and 6-phos- 
phate. Again, the elution position of each phosphate was determined in consecutive experi- 
ments and finally a mixture of the two phosphates was separated. (In a later paper we shall 
discuss the appreciable influence of the aglycone group of a glycoside phosphate on the 
elution positions.) 

Alkaline Hydrolysis of Methyl a-p-Glucoside 4,6-(Hydrogen Phosphate).—The cyclohexyl- 
ammonium salt of the cyclic phosphate (1 g.) was heated in saturated aqueous barium hydroxide 
(30 ml.) at 100° for 4 hr., then cooled and the excess of barium ions was removed with Amberlite 
IR-120 resin (H* form). The resin was filtered off and washed with water. The combined 
filtrates were concentrated in vacuo and the barium salts (0-93 g.) of the mixed phosphates 
precipitated with acetone, filtered off, washed with a little acetone, and air-dried. A sample 
(40 mg.) of this powder was analysed as above. 

Hydrolysis of methyl -p-galactoside 4,6-(hydrogen phosphate) was accomplished similarly. 

Alkaline Hydrolysis of Methyl 2,3-Di-O-benzyl a-p-Glucoside 4,6-(Hydrogen Phosphate).— 
The cyclohexylammonium salt of the cyclic phosphate (400 mg.) was heated at 100° with 
saturated aqueous barium hydroxide (15 ml.) for 5 hr. The cooled solution was brought to 
neutrality with Amberlite IR-120 resin (H* form), filtered, and passed slowly through a column 
of the same resin in the cyclohexylammonium form. The effluent was evaporated to dryness 
in vacuo and taken up in ethanol. To convert the mixture of methyl 2,3-di-O-benzyl a-p- 
glucoside phosphates into the corresponding methyl a-p-glucoside phosphates, the ethanolic 
solution was brought to pH 4 with Amberlite IR-120 (H* form) and shaken with hydrogen at 

8 Lipkin, Cook, and Markham, J. Amer. Chem. Soc., 1959, 81, 6198. 


1 Tener, Khorana, Markham, and Pol, J. Amer. Chem. Soc., 1958, 80, 6223. 
2 Dreywood, Ind. Eng. Chem. Analyt., 1946, 18, 499; Morris, Science, 1948, 107, 254. 
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room temperature and pressure in the presence of a palladium catalyst. When the uptake of 
hydrogen ceased, the catalyst was filtered off, and the filtrate neutralised with cyclohexylamine 
and evaporated to dryness in vacuo. For the analysis on the anion-exchange column, a portion 
(43 mg.) of the residue was dissolved in solution A (10 ml.) and adsorbed on to the column as 
already described. 
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749. Phosphorylated Sugars. Part II.1 | The Synthesis of Some 
Methyl Glycoside Phosphates. 


By (Mrs.) Patricia SzaB6 and L. SzaB6. 


Syntheses of the four isomeric monophosphates of methyl «-p-glucoside, 
and of methyl @-p-galactoside 4- and 6-monophosphate, are described. 
Cyclic phosphates of methyl $-p-galactoside and of methyl 2,3-di-O-benzyl- 
a-D-glucoside have been prepared. An unambiguous synthesis of methyl 
a-D-glucoside 4,6-(hydrogen phosphate) is given. 


It was shown in the preceding paper that alkaline hydrolysis of methyl «-D-glucoside 
4,6-(hydrogen phosphate) ? gave a ~4: 1 mixture of methyl «-p-glucoside 4- and 6-phos- 
phate, and that an analogous mixture of methyl §$-D-galactoside phosphates was formed 
similarly from methyl @-p-galactoside 4,6-(hydrogen phosphate). The chromatographic 
analyses of the hydrolysates required samples of methyl glucoside 2-, 3-, 4-, and 6-phos- 
phate and of methyl 6-pD-galactoside 4- and 6-phosphaté. 


O-CH, HO-CH, O-CH, 
Ph-HC fe) ° Ph-HC O 
O-NO OH OR 
1 OMe HO OMe re) OMe 
OR O-PO,?>M?2* OAc 
(I) (II) (IIT) 


In general, the methyl glycoside monophosphates were prepared by phosphorylation 
of suitably substituted methyl glycosides by diphenyl phosphorochloridate in the presence 
of pyridine and subsequent removal of the phenyl groups (usually by hydrogenolysis) and 
then of the protecting groups. The phosphates were isolated as crystalline cyclohexyl- 
ammonium salts. 

Preparation of methyl «-p-glucoside 2-phosphate (II) started from methyl 4,6-0- 
benzylidene-a-D-glucoside 3-nitrate (I; R =H) whose preparation by Honeyman and 
Morgan’s method * was improved so as to give a 90% yield. This nitrate, on phosphoryl- 
ation, gave a crystalline ester [I; R — (PhO),PO] whence the phenyl and nitrate groups 
were removed by hydrogenolysis and the benzylidene group then by acid-hydrolysis, 
giving methyl «-p-glucoside 2-phosphate (II). As phosphate groups may undergo acid- 
catalysed migration * it was necessary to prove that the final acid-treatment did not 
cause phosphoryl migration. The phosphate produced consumed one equivalent of 
periodate, and so could only be a methyl glucopyranoside substituted in position 2 or 4. 

1 Part I, preceding paper. 

* Baddiley, Buchanan, and Szabéd, J., 1954, 3826. 

* Honeyman and Morgan, /., 1955, 3660 


* Levene and Raymond, J. Biol. Chem., 1934, 107, 75; Chargaff, ibid., 1942, 144, 455; Baer and 
Kates, ibid., 1950, 185, 615. 
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As the methyl «-p-glucoside 4-phosphate has been prepared by unequivocal methods 
(see below) and differs in melting point, rotation, and elution position during ion-exchange 
chromatography ! from the 2-phosphate described here, no phosphate migration could 
have occurred and the assignment of the structure must be correct. 

Methyl 2-O-acetyl-4,6-O-benzylidene-a-p-glucoside (III; R =H) was the starting 
material for synthesis of methyl «-D-glucoside 3-phosphate (IV). The former had already 
been prepared by two different methods ** neither of which is suitable for large-scale 
preparation. It has now been prepared by hydrogenation of the easily accessible nitrate ® 
(III; R= NO,). Phosphorylation with diphenyl phosphorochloridate gave the oily 
3-(dipheny] phosphate) [III; R = (PhO),PO}, from which hydrogenation removed the 
phenyl groups and successive alkaline and acid hydrolyses the protecting acetyl and 
benzylidene groups, giving the expected methyl «-p-glucopyranoside 3-phosphate. This 
product was unaffected by periodate even on prolonged contact, which proved that no 
phosphoryl migration occurred—the only structure for a methyl glucoside phosphate com- 
patible with this behaviour is that where the 3-hydroxyl group is esterified. In addition 
the elution position of this compound during ion-exchange chromatography distinguishes 
it from the other three isomeric phosphates.1_ Harvey, Michalski, and Todd? obtained a 
mixture of methyl «-p-glucoside 3-phosphate and methyl «-p-altropyranoside 2-phosphate 
by treatment of methyl 2,3-anhydro-4,6-O-benzylidene «-p-alloside with dibenzyl 
hydrogen phosphate, but they were unable to isolate pure 3-phosphate. 


HO-CH, Bz0-CH, RO-CH, HO-CH, 
° 3° 1@) ° 
Ox OBz OR Ac 
HO OMe RO OMe (HO),PO-O OMe  AcO OMe 
OH OBz OR OAc 
(IV) X =PO,7>mM?* (V) (VI) (VII) 


For the synthesis of methyl «-p-glucoside 4-phosphate (VI; R = H) methyl 2,3,6-tri-O- 
benzoyl-«-p-glucoside § (V; R = H) was phosphorylated to give the crystalline 4-diphenyl 
phosphate [V; R-= (PhO),PO], from which the phenyl groups were removed by hydro- 
genation in presence of Adams catalyst; the benzoyl groups being perhydrogenated 
simultaneously. The crystalline cyclohexylammonium salt of methyl a-p-glucoside 
2,3,6-trishexahydrobenzate 4-phosphate (VI; R= (C,H,,°CO) was isolated. The 
protecting groups were then removed by alkaline hydrolysis and methyl glucoside 4-phos- 
phate (VI; R = H) was isolated. As monoesters of phosphoric acid are stable under mild 
alkaline conditions this synthesis should yield the 4-phosphate exclusively. As expected, 
the compound consumed one equivalent of periodate and differed in its elution position 
from al] the other methyl «-D-glucoside phosphates. 

Methyl «-p-glucoside 6-phosphate was synthesised by phosphorylation of the known ® 
methyl 2,3,4,-tri-O-acetyl-«-D-glucoside (VII). The oily diphenyl] phosphate produced 
was hydrogenated and then deacetylated by means of a base, and the resulting methyl 
a-D-glucoside 6-phosphate (VIII) was isolated. This compound consumed two equivalents 
of periodate in accordance with the structure proposed. 

Several syntheses of methyl «-p-glucoside 6-phosphate have been described 1 but none 
is unequivocal inasmuch as all involve acid-treatment of a phosphate containing free 
hydroxyl groups. To our knowledge this is the first unequivocal synthesis of this 
compound. 

5 Bourne, Stacey, Tatlow, and Tatlow, J., 1951, 826. 

* Jeanloz and Jeanloz, J. Amer, Chem. Soc., 1957, 79, 2579, 

? Harvey, Michalski, and Todd, J., 1951, 2271. 

§ Bell, J., 1934, 1177. 

® Helferich, Bredereck and Schneidmiiller, Annalen, 1927, 458, 111. 


10 Fischer, Ber., 1914, 47, 3193; Helferich and du Mont, Z. physiol. Chem., 1929, 181, 300; Percival 
and Percival, J., 1945, 874. 
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The syntheses of methyl $-D-galactoside 4- and 6-phosphate are analogous to those of 
the corresponding methyl a-p-glucoside phosphates and are therefore unequivocal. 
Incidentally we isolated crystalline methyl 2,3,4-tri-O-benzoyl-f-D-galactoside which 
previously had only been obtained as an oil.“ Our tribenzoate gave a 6-toluene-p- 
sulphonate having the same melting point as that obtained by Miiller from his oily 





M?* 2-0,P-0-CH, HO-CH, PhO. ,O- pot 
| Ke yi. | % ? OMe oO” se ec 
(vin © (1X) 


tribenzoate. As expected the methyl galactoside 4-phosphate consumed one equivalent 
of periodate, and the 6-phosphate two equivalents. 

The cyclic phosphates were synthesised by using phenyl phosphorodichloridate. 
When methyl 2,3-di-O-benzoyl-8-p-galactoside 1* (IX) was treated with this reagent in 
anhydrous pyridine the crystalline methyl 2,3-di-O-benzoyl-f-p-galactoside 4,6-(phenyl 
phosphate) (X) could be isolated. After hydrogenation which removed the phenyl group, 
the crystalline cyclohexylammonium salt of methyl 2,3-di-O-hexahydrobenzoyl-$-p- 
galactoside (XI; R = C,H,,°CO) was obtained in good yield. The protecting groups were 
then removed by alkaline treatment and the methyl §-p-galactoside 4,6-(hydrogen 
phosphate) (XI; R = H) was isolated. This cyclic phosphate consumed the calculated 
amount of periodate, and electrometric titration showed the absence of secondary 
phosphoryl dissociation. 


HO ~ ai H, HO- ke RO. oy CH, 
oO OMe ° 
Ox 
OMe 
(XI) 


Ox 
(XII) X= pees (X1I1) X = CH,Ph 


The crystalline methyl 2,3-di-O-benzyl-«-p-glucoside 4,6-(hydrogen phosphate) (XIII; 
R =H) was obtained by phosphorylation of methyl 2,3-di-O-benzyl-a-p-glucoside ¥ 
(XII) and treatment of the resulting crystalline phenyl ester (XIII; R = Ph) with three 
equivalents of potassium hydroxide to remove the phenyl group. 

This cyclic phosphate incidentally provided a new route for the synthesis of methyl 
a-D-glucoside 4,6-(hydrogen phosphate), the benzyl groups being easily removed by 
hydrogenation with a palladium catalyst. The compound prepared by this method was 
identical with that obtained by direct phosphorylation of methyl «-p-glucoside.? 


EXPERIMENTAL 


Methyl 4,6-O-Benzylidene-a-p-glucoside 2,3-Dinitrate—A mixture of fuming nitric acid 
(16 ml.) and acetic anhydride (40 ml.), prepared at — 40°, was added very slowly to a suspension 
of methyl 4,6-O-benzylidene-«-p-glucoside 4° (20 g.) in acetic anhydride (40 ml.) at —10°, the 


11 Miiller, Ber., 1931, 64, 1820. 

12 Bacon, Bell, and Kosterlitz, ]., 1939, 1248. 
13 Bell and Lorber, J., 1940, 453. 

14 Moffatt and Khorana, J. Amer. Chem. Soc., 1957, '79, 1194. 
1® Freudenberg, Toepffer, and Anderson, Ber., 1928, 61, 1750. 
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temperature being kept at about 0° during the addition. The nitrated mixture was kept at 0° 
for a further 30 min., and diluted with chloroform (100 ml.) cooled to —10°. The chloroform 
solution was poured slowly on ice-cold aqueous potassium carbonate (300 g. in 1 1. of water) 
with stirring. When the chloroform layer was neutral, it was washed with water, dried 
(Na,SO,), and evaporated im vacuo. The residue, on crystallisation from ethanol, gave 
methyl 4,6-O-benzylidene-a-p-glucoside 2,3-dinitrate (24 g., 90%), m. p. 124—125° (lit.,3 
124—125°). 

Methyl 4,6-O-Benzylidene-a-D-glucoside 2-(Diphenyl Phosphate) 3-Nitrate—Diphenyl phos- 
phorochloridate (6-3 g.) in pyridine (10 ml.) was added to methyl 4,6-O-benzylidene-a-p- 
glucoside 3-nitrate * (7 g.) in pyridine (50 ml.). The solution was kept at 37° for 64 hr., then 
cooled, and water (10 ml.) was added. After 2 hr., the solvents were removed in vacuo below 
40° and the residue was triturated with several batches of iced water until it crystallised. 
Recrystallisation from ethanol gave the diphenyl phosphate (10-1 g., 84%), m. p. 123—124°, 
fal,* + 56° (c 1-00 in dioxan) (Found: C, 56-1; H, 5-0; N, 2-4. C,,H,,0,,NP requires C, 55-8; 
H, 4:7; N, 2-5%). 

Methyl a-pv-Glucoside 2-(Dihydrogen Phosphate)—The above diphenyl ester (2 g.) was 
shaken in ethanol (80 ml.) containing acetic acid (0-2 ml.) with hydrogen at room temperature 
and pressure in the presence of Adams platinum. When the hydrogen uptake had ceased, the 
catalyst was filtered off and sodium hydroxide solution added to give pH 7. The solvent was 
removed in vacuo and the residue dissolved in water. The solution was passed through a 
column of Dowex 50 (H* form), and the effluent heated in a boiling-water bath for 10 min., 
filtered, and neutralised with cyclohexylamine. The solvent was removed in vacuo and the 
residue dissolved in the minimum amount of water. The dicyclohexylammonium salt (0-4 g.) 
which crystallised on addition of acetone had m. p. 156° (decomp.), [a],,** +46° (c 1-00 in H,O) 
(Found: C, 48-3; H, 8-8; N, 6-0; P, 6-6. C,,H,,O,N,P requires C, 48-3; H, 8-7; N, 5-9; 
P, 66%). 

Methyl 2-O-Acetyl-4,6-O-benzylidene-a-D-glucoside.—Methyl 2-O-acetyl-4,6-O-benzylidene- 
a-D-glucoside 3-nitrate * (2 g.) in ethanol (80 ml.) containing acetic acid (0-323 g.) was shaken 
with hydrogen at room temperature and pressure in the presence of palladium catalyst (from 
0-5 g. of palladium oxide). When the hydrogen uptake had ceased, the catalyst was filtered 
off and the solution neutralised with lead carbonate. The solution was filtered and the solvents 
were removed in vacuo. The residue was dissolved in ether. On addition of hexane, the 
methyl 2-O-acetyl-4,6-O-benzylidene-«-p-glucoside (1-2 g.) crystallised, having m. p. 133—134°, 
[al,,** + 108° (c 1-27 in CHCl,). Bourne, Stacey, Tatlow, and Tatlow * and Jeanloz and Jeanloz,* 
gave m. p. 133—134°, [oj,?* +112° (c 0-86 in CHCI,) and m. p. 133—134°, [a],** + 106° + 2° 
(c 1-27 in CHCI,) respectively. 

Methyl a-b-Glucoside 3-(Dihydrogen Phosphate).—Dipheny1 phosphorochloridate (2-98 g.) in 
pyridine (5 ml.) was added to methyl 2-O-acetyl-4,6-O-benzylidene-«-p-glucoside (3 g.) in 
pyridine (15 ml.). The solution was kept at 37° for 5 days, then cooled, and water (10 ml.) was 
added. After 2 hr., the solvents were removed in vacuo and the residue was dissolved in 
chloroform. The chloroform was washed first with iced water, then with ice-cold 1% sulphuric 
acid, and finally with water and dried (Na,SO,). The chloroform was removed in vacuo and 
the resulting syrup (4-9 g.) dissolved in acetic acid and shaken with hydrogen at room tem- 
perature and pressure in the presence of Adams platinum. When the hydrogen uptake had 
ceased, the catalyst was filtered off and the acetic acid removed in vacuo below 35°, the last 
traces being removed by lyophilisation. The residue was dissolved in anhydrous methanol, 
and the solution was saturated several times with dry ammonia gas. After 3 days, the ammonia 
and methanol were removed in vacuo and the residue was dissolved in water and passed through 
a column of Amberlite IR-120 (H+ form). The effluent was heated for 10 min. on a boiling- 
water bath, cooled, and neutralised to pH 6 with cyclohexylamine. The solvents were removed 
in vacuo and the residue was dissolved in a little water. Addition of acetone gave the dicyclo- 
hexylammonium salt of methyl a-D-glucoside 3-phosphate, m. p. 162—166° (decomp.), [a),%° 
+170-8° (c 1-00 in H,O) (from water-acetone) (Found: C, 48-3; H, 8-8; N, 6-1; P, 6-5. 
C,sH,,O,N,P requires C, 48-3; H, 8-7; N, 5-9; P, 6-6%). 

Methyl 2,3,6-Tri-O-benzoyl-a-p-glucoside 4-(Diphenyl Phosphate)—Diphenyl phosphoro- 
chloridate (2-3 g.) in pyridine (6 ml.) was added to methyl 2,3,6-tri-O-benzoyl-«-p-glucoside * 
(4 g.) in pyridine (20 ml.). The solution was kept at 37° for 48 hr., then cooled, and water 
(10 ml.) was added. After 1 hr., the solvents were removed in vacuo below 40° and the residue 
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was triturated with several lots of water until it crystallised. After recrystallisation from 
ethanol the diphenyl phosphate (4-5 g., 77%) had m. p. 158—159°, [a],2* +71-5° (c 1-00 in dioxan) 
(Found: C, 65-0; H, 4:9. C4 H,,0,.P requires C, 65-0; H, 4-7%). 

Methyl 2,3,6-Tri-O-hexahydrobenzoyl-a-D-glucoside 4-(Dihydrogen Phosphate).—The above 
diphenyl phosphate (10 g.) in acetic acid (200 ml.) was shaken with hydrogen at room tem- 
perature and pressure in the presence of Adams platinum. When the hydrogen uptake had 
ceased, the catalyst was filtered off and the acetic acid removed in vacuo below 30°, the last 
traces being removed by lyophilisation. The residue was dissolved in ethanol and cyclohexyl- 
amine added to pH 7 whereupon the methyl 2,3,6-tri-O-hexahydrobenzoyl-a-D-glucoside 4-phosphate 
(7-6 g., 80%) crystallised spontaneously as its monocyclohexylammonium salt, m. p. 205—207° 
(decomp.), [],,2* +62-5° (c 0-88 in MeOH) (Found: C, 58-0; H, 8-2; N, 1-8. C3,H;,0,,NP 
requires C, 58-0; H, 8-2; N, 1-9%). 

Methyl a-p-Glucoside 4-(Dihydrogen Phosphate)—The above hexahydrobenzoate (3-1 g.) 
was dissolved in anhydrous methanol and a sufficient quantity of a solution of sodium (1 g.) in 
methanol (100 ml.) to bring the pH to 12 was added. The solution was refluxed for 3 hr., 
cooled, and neutralised with carbon dioxide. The methanol was removed in vacuo, and the 
residue dissolved in water and passed slowly through a column of Dowex 50 (cyclohexyl- 
ammonium form). The effluent was evaporated and the residue dissolved in ethanol. Addition 
of ether precipitated the crystalline methyl a-p-glucoside 4-(dicyclohexylammonium phosphate) 
(1-2 g.), m. p. 140—144° (decomp.), [aJ,?* +88-0° (c 1-00 in H,O) (Found: C, 46-6; H, 9-0; 
N, 5-8. C,9H,,O,N,P,H,O requires C, 46-5; H, 8-8; N, 5-7%). 

Methyl a-p-Glucoside 6-(Dihydrogen Phosphate).—Diphenyl phosphorochloridate (9-95 g.) 
in pyridine (36 ml.) was added to methyl 2,3,4-tri-O-acetyl-«-p-glucoside ® (10-8 g.) in pyridine 
(108 ml.). The solution was kept at room temperature overnight and water (10 ml.) was added. 
After 1 hr., the solvents were removed in vacuo below 40° and the residue was dissolved in 
chloroform. The chloroform solution was washed twice with iced water, then with ice-cold 1% 
sulphuric acid until the aqueous phase remained acid, and three times with iced water and dried 
(Na,SO,). The chloroform was removed in vacuo and the residual syrup shaken in ethanol (200 
ml.) with hydrogen at room temperature and pressure in the presence of Adams catalyst. When 
the hydrogen uptake had ceased, the catalyst was filtered off and the ethanolic solution saturated 
several times with dry ammonia gas. When a paper chromatogram showed that the removal of 
the acetyl groups was complete, the ammonia and ethanol were removed in vacuo, and the residue 
was dissolved in water and passed through a column of Dowex 50 (cyclohexylammonium form). 
The effluent was evaporated and the residue taken up in a little water. Addition of ethanol 
gave the methyl a-p-glucoside 6-(dicyclohexylammonium phosphate) (7-2 g.), m. p. 157—159° 
(decomp.), {a],,2* + 61° (¢ 1-00 in H,O) (from water-ethanol) (Found: C, 48-3; H, 8-7; N, 6-1; 
P, 6-4. Cj, 9H,,O,N,P requires C, 48-3; H, 8-7; N, 5-8; P, 65%). 

Methyl 2,3,6-Tri-O-benzoyl-8-p-galactoside 4-(Diphenyl Phosphate).—Diphenyl phosphoro- 
chloridate (4-5 g.) was added to methyl 2,3,6-tri-O-benzoyl-8-p-galactoside !? (7-1 g.) in pyridine 
(100 ml.). The solution was kept for 5 days at 37°, then cooled, and water was added. After 
1 hr., the solvents were removed in vacuo and the residue was triturated with several lots of 
iced water until it crystallised. After recrystallisation from ethanol, the diphenyl phosphate 
(6-0 g., 58%) had m. p. 126—128°, [a]),*4 +25-2° (c 1-00 in dioxan) (Found: C, 64-4; H, 4-7. 
CyH,,0,.P requires C, 65-0; H, 47%). 

Methyl «-p-Galactoside 4-(Dihydrogen Phosphate).—The above diphenyl phosphate (2-0 g.) 
in acetic acid (40 ml.) was shaken with hydrogen at room temperature and pressure in the 
presence of Adams platinum.. Treatment was as in the previous case but ion-exchange was on 
Dowex 50 (H* form). The effluent was neutralised with cyclohexylamine and evaporated to 
dryness. After recrystallisation from water—acetone, methyl B-p-galactoside 4-(dicyclohexyl- 
ammonium phosphate) had m. p. 136—140° (decomp.), [a],,2® —10-5° (c 1-00 in H,O) (Found: 
C, 45-9; H, 9-0; N, 5:7; P, 6-4. C,gH,,O,N,P,H,O requires C, 46-5; H, 8-8; N, 5-7; P, 6-3%). 

Methyl 2,3,4-Tri-O-benzoyl-8-p-galactoside.—Methyl 2,3,4-tri-O-benzoyl-6-O-trityl-8-p- 
galactoside 1 (5 g.) was dissolved in hot acetic acid (15 ml.)._ The solution was cooled in salt—ice 
and a solution (1-8 g.) of hydrobromic acid in acetic acid (212 g. in 430 g.) added. The mixture 
was shaken for 1 min. and filtered quickly through a sintered-glass filter into iced water (100 ml.). 
The precipitate was washed several times with iced water and dissolved in chloroform. The 
chloroform solution was dried (Na,SO,) and the chloroform removed in vacuo. After recrystal- 
lisation from ether—light petroleum (b. p. 30—60°), the tribenzoate (2-4 g., 72%) had m. p. 152°, 
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(al, +170-2° (c 2-016 in EtOH) (Found: C, 66-1; H, 4-9; O, 28-8. C,,H,,O, requires C, 66-4; 
H, 5:1; O, 28-5%). 

Methyl 2,3,4-Tri-O-benzoyl-B-pD-galactoside 6-(Diphenyl Phosphate).—Diphenyl phosphoro- 
chloridate (3-25 g.) was added to the above tribenzoate (5-5 g.) in pyridine (60 ml.). The 
solution was kept at 37° for 18 hr., then cooled, and water (10 ml.) was added. After 2 hr., the 
solvents were removed in vacuo and the residue was triturated with several lots of iced water 
until it crystallised. The diphenyl phosphate (6-6 g., 83%), after recrystallisation from ethanol, 
had m. p. 133—134°, [a],?> + 106° (c 1-00 in dioxan) (Found: C, 65-1; H, 49. C, H,,0,,P 
requires C, 65-0; H, 47%). 

Methyl -D-Galactoside 6-(Dihydrogen Phosphate).—The above diphenyl phosphate (2 g.) in 
acetic acid (40 ml.) was shaken with hydrogen at room temperature and pressure in the presence 
of Adams platinum. Working up as before gave an aqueous solution which was extracted 
three times with benzene and passed through Dowex 50 (cyclohexylammonium form). The 
effluent was concentrated to a small volume. Addition of ethanol gave methyl 8-p-galactoside 
6-(dicyclohexylammonium phosphate) (0-6 g., 50%), m. p. 138—144° (decomp.), [a),2° —11-9° 
(c 0-46 in H,O) (Found: C, 48-5; H, 8-6; N, 6-0; P, 6-9. C,,H,,O,N,P requires C, 48-3; H, 8-7; 
N, 5-9; P, 6-6%). 

Methyl 2,3-Di-O-benzoyl-8-D-galactoside 4,6-(Phenyl Phosphate).—Phenyl phosphorodi- 
chloridate (2-75 g.) in pyridine (25 ml.) was added to methyl] 2,3-di-O-benzoyl-8-p-galactoside !* 
(5 g.) in pyridine (63 ml.). The solution was kept at 37° for 5 days, then cooled, and water was 
added. After 1 hr., the solvents were removed im vacuo and the residue was triturated with 
several batches of iced water until it solidified. The phenyl phosphate (1-5 g., 22-4%) crystal- 
lised from ethanol and had m. p. 233—234° (decomp.) (Found: C, 59-6; H, 4-9; P, 5-7: 
Cy,H,;0;9P requires C, 60-0; H, 4-6; P, 5-7%). 

Methyl 2,3-Di-O-hexahydrobenzoyl-8-p-galactoside 4,6-(Hydrogen Phosphate).—The above 
phenyl phosphate (2-5 g.) in acetic acid (140 ml.) was shaken with hydrogen at room temperature 
and pressure in the presence of Adams platinum. When the hydrogen uptake had ceased, the 
catalyst was filtered off and the acetic acid removed in vacuo below 30°, the last traces being 
removed by lyophilisation. Ethanol was added to the residue which dissolved when the pH 
was brought to 6 with cyclohexylamine. The volume of ethanol was reduced in vacuo and 
ether and light petroleum (b. p. 30—60°) were added, whereupon methyl 2,3-di-O-hexahydro- 
benzoyl-B-p-galactoside 4,6-(cyclohexylammonium phosphate) (1-9 g., 71%), m. p. 220—225° 
(decomp.), [a],2> +19-9° (c 1-00 in EtOH), crystallised (Found: C, 56-3; H, 8-3; N, 2:8. 
Cy,7HygO,9NP requires C, 56-3; H, 8-0; N, 2-8%). 

Methyl 8-p-Galactoside 4,6-(Hydrogen Phosphate).—(a) The above cyclic phosphate (1 g.) was 
dissolved in anhydrous methanol (30 ml.) and a solution of sodium (0-5 g.) in methanol (50 ml.) 
was added to bring the pH to 13. The solution was refluxed for 16 hr. A paper chromatogram 
at this stage showed only one spot containing phosphate. The solution was neutralised with 
acetic acid and evaporated to dryness in vacuo. After crystallisation from ethanol, methyl 6- 
p-galactoside 4,6-(cyclohexylammonium phosphate) (0-4 g., 66%) had m. p. 210—212° (decomp.). 

(6) The cyclohexylammonium salt of methyl 2,3-di-O-hexahydrobenzoyl-$-p-galactoside 
4,6-cyclic phosphate (2 g.) was dissolved in anhydrous methanol and saturated several times 
with dry ammonia. When paper chromatography showed that the removal of the hexahydro- 
benzoyl groups was complete the ammonia and methanol were removed in vacuo, and the 
residue in water was passed through Amberlite IR-120 (H* form). The effluent was neutralised 
with cyclohexylamine and evaporated to dryness im vacuo. The cyclohexylammonium salt of 
the 4,6-cyclic phosphate, after crystallisation from ethanol, had m. p. 210—212° (decomp.), 
[a], —21-2° (c 0-87 in H,O) (Found: C, 43-8; H, 7-3; N, 4-0; P, 94. C,,;H,,O,NP requires 
C, 43-9; H, 7-3; N, 3-9; P, 8-7%). 

Methyl 2,3-Di-O-benzyl-a-p-glucoside 4,6-(Phenyl Phosphate).—Pheny] phosphorodichloridate 
(10-85 g.) in pyridine (50 ml.) was added slowly to methyl 2,3-di-O-benzyl-«-p-glucoside ™ 
(16 g.) in pyridine (100 ml.) at <40°. The solution was kept for 48 hr. at 37°, then working up as 
usual gave a residue which crystallised from ethanol—pentane. After recrystallisation from 
ethanol, the phenyl phosphate had m. p. 141—143°, [a], +24-0° (c 1-00 in CHCI,), +50-5° 
(¢ 1-00 in dioxan) (Found: C, 63-3; H, 5-6; P, 63. C,,H,O,P requires C, 63-3; H, 5-6; 
P, 6-0%). 

Methyl 2,3-Di-O-benzyl-a-p-glucoside 4,6-(Hydrogen Phosphate).—The above phenyl phos- 
phate (5 g.) was dissolved in dioxan (50 ml.) and a mixture of 1-6N-potassium hydroxide (20 ml.) 
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and water (10 ml.) was added. The oil which separated redissolved on agitation after 1-5 hr. 
The solution was kept at room temperature for 18 hr. and the pH brought to 5 with Dowex 50 
(H* form). The resin was filtered off and washed with water. The dioxan was removed 
in vacuo and the aqueous solution extracted five times with ether before being passed slowly 
through Amberlite IR-120 (cyclohexylammonium form). The effluent was evaporated to 
dryness in vacuo and the residue triturated with ether until it crystallised. After recrystal- 
lisation from ethanol-ether, methyl 2,3-di-O-benzyl-a-p-glucoside 4,6-(cyclohexylammonium 
phosphate) (2-7 g., 52%) had m. p. 180—181° (decomp.), [a),** +51-8° (c 1-00 in H,O) (Found: 
C, 60-6; H, 7-2; N, 2-7; P, 6-0. C,,H,,0,NP requires C, 60-6; H, 7-1; N, 2-6; P, 5-8%). 

Methyl a-p-Glucoside 4,6-(Hydrogen Phosphate).—The above cyclic phosphate (250 mg.) 
was dissolved in ethanol and the pH brought to 2—3 with Dowex 50 (H* form). The resin 
was filtered off and washed with ethanol. The combined filtrates were shaken with hydrogen 
at room temperature and pressure in the presence of palladium catalyst. When the hydrogen 
uptake had ceased, the catalyst was filtered off and the solution neutralised with cyclohexyl- 
amine and concentrated to 2 ml. Addition of ether gave the methyl a-p-glucoside 4,6-(cyclo- 
hexylammonium phosphate), m. p. 228—231° (decomp.), [a],2* +81-2° (c 1-13 in H,0O). 
Baddiley, Buchanan, and Szabé * gave m. p. 228—230° (decomp.), [a],,2® + 81-3° (c 1-13 in H,0). 

Periodate Oxidations.—The sugar derivatives (0-1 mmole) were oxidised at room tem- 
perature in the dark with an excess of sodium metaperiodate in aqueous medium buffered with 
N-sodium acetate-acetic acid (pH 3-2) (2-5 ml. of buffer per 25 ml. of solution). Aliquot 
portions were removed periodically and periodate was determined by the usual methods. 

Paper Chromatography of Phosphates.—Ascending chromatograms on Whatman No. 1 paper 
were run without temperature control. The solvent systems were: A, propan-2-ol-ammonia- 
water (7: 1:2); B, propan-l-ol-ammonia—water (7: 1:2); C, butan-l-ol—acetic acid—water 
(4: 1:5); D, propan-2-ol—-concentrated hydrochloric acid—water (65 : 17-2: 17-8); E, propan-1- 
ol-ammonia—water (6: 1:3). Results are tabulated. 


Rg in solvent 





A B Cc D E 
Me a-p-glucoside 2-(dihydrogen phosphate) ............... 0-29 0-18 0-15 _— 0-48 
Me a-p-glucoside 3-(dihydrogen phosphate) ............... 0-34 0-20 0-19 —_— 0-50 
Me a-p-glucoside 4-(dihydrogen phosphate) ............... 0-32 0-18 0-15 — 0-45 
Me a-p-glucoside 6-(dihydrogen phosphate) ............... 0-26 0-13 — —_ 0-41 
Me f-p-galactoside 4-(dihydrogen phosphate) ............ -- 0-21 0-17 — 0-45 
Me f-p-galactoside 6-(dihydrogen phosphate) ............ — 0-11 0-09 _— 0-36 
Me a-p-glucoside 4,6-(hydrogen phosphate)? ............ 0-64 0-47 0-16 0-90 = 
Me a-p-glucoside 4,6-(hydrogen phosphate) ............... a 0-47 0-16 —_ _ 
Me f-p-galactoside 4,6-(hydrogen phosphate) ............ 0-57 0-38 0-12 0-86 _ 


The authors thank Professor E. LeBreton for her interest and encouragement. They are 
also indebted to Mr. T. Clim for technical assistance and many large-scale preparations. One 
of them (P. S.) is grateful to the French Government for a scholarship. 
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750. Homolytic Aromatic Substitution. Part XVIII. 
Reactions with ortho-Substituted Phenyl Radicals. 


By D. H. Hey, H. N. MouLpen, and GARetH H. WILLIAMs. 


Some — 


Relative rates of arylation of chlorobenzene, nitrobenzene, and toluene 
with o-nitro- and o-bromo-phenyl radicals have been measured by means of 
competitive experiments. The proportions in which substitution by these 
radicals takes place at the ortho-, meta-, and para-positions of nitrobenzene 
have also been determined. The corresponding partial rate factors have 
been derived and discussed in ternis of the polarity of the attacking radical 
and the steric influence of its substituent. The anomalous formation of 
bibenzyl in the reaction between o-nitrobenzoyl peroxide and toluene is 
reported and tentative explanations for this finding are advanced. 


REcENT determinations ? of the reactivity of the nuclear positions of benzene derivatives 
towards substitution by para-substituted aryl radicals have led to the conclusion that, 
compared with the phenyl radical, the substituted radicals possess a measure of polar 
character. This has been confirmed by the observation of changes, attributable to the 
presence of substituents in the attacking radical, in the distribution of isomers formed 
in the arylation of various compounds.*® The study of the reactivity of aromatic com- 
pounds towards arylation has now been extended to include radicals which contain ortho- 
substituents. 

Many reactions have been carried out, mainly for preparative purposes, in which ortho- 
substituted aryl radicals have been allowed to react with aromatic compounds, and 
anomalous products have been obtained in several instances. Gomberg and Pernert ® 
obtained m-bromotoluene from reactions of diazotised 2-bromo-4- and 4-bromo-2-methyl- 
aniline with benzene. Hey and Walker’ isolated methyl benzoate in addition to 
the isomeric 2-methoxycarbonylphenylpyridines from the reaction between 2-methoxy- 
carbonylbenzoyl peroxide and pyridine, and more recently Cadogan, Hey, and Williams ® 
found t-butylbenzene and biphenyl in the products of the reaction of 2-t-butyl-N-nitroso- 
acetanilide and benzene. The expected product, 2-t-butylbiphenyl, was not isolated. In 
the present work, o-nitro- and o-bromo-phenyl radicals were studied. The isomeric 
p-nitro- and p-bromo-pheny] radicals, while retaining their essential radical characteristics, 
have been shown to possess electrophilic properties.2® Hey and Walker ? allowed o-nitro- 
benzoyl peroxide to decompose in benzene and noted no anomalous behaviour. This 
finding is now confirmed, and the expected products, namely, 2-nitrobiphenyl and o-nitro- 
benzoic acid, are shown to account for some 86% of the starting material. The decom- 
position of o-bromobenzoyl peroxide in aromatic solvents has not been previously 
investigated, and the reaction in benzene is now shown to give the expected products. 


The determination of relative rates of arylation of nitrobenzene, chlorobenzene, and 


toluene ( stag with o-bromo- and o-nitro-phenyl radicals, by means of an improved version 


of the competitive technique devised by Augood, Hey, and Williams,” is now reported. 
The mixtures of biaryls, obtained by allowing a small quantity of a diaroyl peroxide 
(0-025 mole) to react with a large excess of an equimolar mixture of nitrobenzene and the 


1 Part XVII, J., 1959, 1871. 

* Chang, Hey, and Williams, J., 1958, 4403. 
* DeTar and Kazimi, J. Amer. Chem. Soc., 1955, '77, 3842. 

* Dannley and Sternfeld, J]. Amer. Chem. Soc., 1954, 76, 4543. 
5 Chang, Hey, and Williams, J., 1958, 2600. 

* Gomberg and Pernert, J. Amer. Chem. Soc., 1926, 48, 1372. 
” Hey and Walker, /J., 1948, 2213. 

® Cadogan, Hey, and Williams, J., 1954, 3352. 

® Hambling, Hey, and Williams, unpublished work. 

1 Augood, Hey, and Williams, J., 1952, 2004. 
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competing solvent (2 moles), were analysed volumetrically by reduction of the nitrobiaryls 
with titanous sulphate by the methods described in Parts II and VII.§ Titanous chloride 
had been employed in previous work, but it was found that titanous sulphate is superior in 
that its solutions in dilute sulphuric acid are less susceptible to aerial oxidation than are 
solutions of the chloride. The relative rates of o-bromo- and o-nitro-phenylation of 
aaa ) were determined directly. Combination of these values with the 
rates of o-bromophenylation and o-nitrophenylation of chlorobenzene relative to nitro- 
benzene ( sano, arate ) The relative 
rate of o-bromophenylation of toluene was determined similarly. The biaryl fractions 
obtained from reactions with toluene contained bibenzyl, arising from reaction at the side 
chain, in addition to bromomethyl- and bromonitro-biphenyls, and their composition was 
determined by analyses for bromine and for nitro-compounds. This method could not be 
applied to the mixtures obtained by o-nitrophenylation of toluene—nitrobenzene mixtures, 
The relative rate of o-nitrophenylation of toluene was therefore determined without the 
PhMe Kk) wi 

PhCl 
measured, and by taking this value in conjunction with the relative reactivity of chloro- 
benzene ( PhCl 
PhH 

The results of all these experiments indicate that, apart from the polar character of the 
attacking radical, a second factor, which is probably steric in origin, is instrumental in 
modifying the relative reactivites of these compounds when these radicals are used. In 
order to investigate the nature of this other factor, a more detailed knowledge of reactivity 
was obtained by measurement of the ratios of the isomeric products of some o-bromo- and 
o-nitro-phenylations. This enabled the partial rate factors to be calculated for these 
reactions. Nitrobenzene was chosen as the substrate, since comparison could be made 
with its known partial rate factors for arylation with the isomeric para-substituted phenyl 
radicals. Infrared and ultraviolet spectrography were used for analysis of the mixtures 
of isomers. The composition of the mixture of 2-bromo-x’-nitrobiphenyls, which results 
from o-bromophenylation of nitrobenzene, was determined by the standard infrared 
method described in Part III.“ This method, and the ultraviolet method described in 
Part V,!2 were inapplicable for the analysis of the mixture of the isomeric 2,x’-dinitrobi- 
phenyls, resulting from o-nitrophenylation of nitrobenzene, because of the marked 
similarity of the ultraviolet and infrared spectra of the individual components of this 
mixture. Dewar and Urch’s graphical ultraviolet method 1 was applied successfully to 
this mixture after its 2,3’-dinitrobiphenyl content had been determined by an infrared 
method. 

It has been shown that, in the arylation of toluene, reaction at the side chain results in 
abstraction of a hydrogen atom, with the consequent formation of bibenzyl. The extent 
of this side reaction has been shown by Hey, Pengilly, and Williams *' and by Hambling, 
Hey, and Williams ® to reflect the polarity of the attacking radical. For example, the 
reaction with the slightly nucleophilic p-tolyl radical yields bibenzyl to the extent of 42% 
of the binuclear products, while the reaction with the electrophilic p-nitrophenyl radical 
gives no bibenzyl. This was interpreted on the basis that nuclear substitution in toluene 
should be favoured by electrophilic radicals, while side-chain attack should be favoured by 
nucleophilic radicals. The reaction of o-nitrophenyl radicals with toluene is now reported 


nitrobenzene ( 


K ) gave relative rates of arylation of chlorobenzene ( 


use of thisexperiment. Instead, its rate of reaction relative to chlorobenzene ( 


K } for o-nitrophenylation, the desired relative rate was calculated. 


11 Augood, Hey, and Williams, J., 1953, 44. 

12 Cadogan, Hey, and Williams, J., 1954, 794. 

18 Dewar and Urch, J., 1957, 345. 

1 Hey, Pengilly, and Williams, unpublished work. 
18 Augood and Williams, Chem. Rev., 1957, 57, 171. 
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to give bibenzyl (32°8%). Although the explanation of this apparent anomaly in the 
concept of polarised radicals is at present not completely clear, alternative possible 
interpretations of it are suggested below. 


EXPERIMENTAL 


Reagents.—Benzene, chlorobenzene, nitrobenzene, and toluene were purified as described in 
Parts Il 1° and VIII.4® o-Nitrobenzoyl peroxide (m. p. 147°) and o-bromobenzoyl peroxide 
(m. p. 107°) were preapred by Hey and Walker’s method ” from o-nitro- and o-bromo-benzoyl 
chloride respectively. 2-Rromo-2’-nitrobiphenyl was prepared by means of the Gomberg 
reaction of o-nitroaniline (100 g.) with bromobenzene (1250 ml.). The portion of the biaryl 
mixture having b. p. 100—125°/0-1 mm. was fractionally crystallised from ethanol to give 
2-bromo-2’-nitrobiphenyl (6-3 g.; m. p. 71-5—72°). 2-Bromo-3’-nitrobiphenyl (m. p. 74— 
76°; b. p. 120—130°/0-1 mm.) was prepared in 12% yield in similar manner from m-nitroaniline. 
2-Bromo-4’-nitrobiphenyl (m. p. 82—83°) was prepared by Scarborough and Waters’s method.!? 
2,2’-Dinitrobipheny] (m. p. 125°) was prepared by the method of Atkinson, Morgan, Warren, and 
Manning.’* 2,3’-Dinitrobipheny] was prepared by nitration of 3-nitrobiphenyl (15 g.), prepared 
as described in Part II,! with nitric acid at 35° by the method of DeTar and Kazimi.* 
Fractional crystallisation from methanol of the mixture of dinitrobiphenyls gave the more 
soluble 2,3’-dinitrobiphenyl (4-8 g.), m. p. 118-5—119°. 2,4’-Dinitrobiphenyl, prepared by 
Hambling, Hey, and Williams,® was recrystallised from ethanol to m. p. 93°. 

Decomposition of o-Nitrobenzoyl Peroxide in Benzene.—o-Nitrobenzoyl peroxide (30 g.) in 
benzene (700 ml.) was boiled under reflux for 48 hr. Sodium hydrogen carbonate extracts of 
the reaction mixture gave o-nitrobenzoic acid (15-87 g.) m. p. 144°, which after crystallisation 
from ethanol had m. p. and mixed m. p. 148°. -The benzene was distilled from the mixture 
after extraction, and the residue boiled under reflux with aqueous 2N-sodium hydroxide (100 ml.) 
for 16hr. The resulting mixture was extracted with hot benzene, and the extracts were washed 
with water. Distillation gave a fraction, b. p. 90—105°/0-1 mm. (13-8 g.), and left a residue 
(0-27 g.), b. p. >165°/0-1 mm. The distillate, 2-nitrobiphenyl, was a yellow solid, m. p. 29— 
34°, which on crystallisation from ethanol gave needles, m. p. 36°. 

Decomposition of 0o-Bromobenzoyl Peroxide in Benzene.—o-Bromobenzoyl peroxide (15-0 g.) 
in benzene (500 ml.) was boiled under reflux for 48 hr. The mixture, after treatment as 
described above, gave o-bromobenzoic acid (4-80 g.), m. p. 150°. Distillation of the benzene 
solution gave a fraction (5-94 g.), b. p. 63—110°/0-01 mm., and left a residue (1-58 g.), b. p. 
>140°/0-1 mm. The distillate, which was a colourless liquid, was redistilled to give 2-bromo- 
biphenyl (5-32 g.), b. p. 78—95°/0-01 mm., »,”° 1-6262, and its identity was confirmed by means 
of its infrared absorption spectrum. 

Competitive Experiments.—Isolation of the biaryls. The mixtures of biaryls were isolated 
from the reaction mixture by the following method, which is similar to, but not identical with, 
that described in Part II.1° (i) The free acids were extracted with saturated aqueous sodium 
hydrogen carbonate. (ii) The bulk of the residual solvents was distilled off slowly. (iii) The 
residue was boiled under reflux with 2N-aqueous sodium hydroxide (100 ml.) for 15 hr. The 
mixture, while still hot, was extracted with benzene and the extracts were washed with hot 
water. Acids were extracted from the combined alkaline solution and water-washings as 
described in Part VIII.4® The benzene extracts were washed with hydrochloric acid (d 1-18) 
to remove any products of the reduction of nitrobenzene, and then washed with water. 
(iv) The benzene solution was distilled, and the residue adsorbed on an alumina column. 
Elution with benzene (150 ml.) and ether (100 ml.) gave a solution containing the residual 
nitrobenzene, the biaryls, and some high-boiling material. (v) Most of the remaining nitro- 
benzene was slowly distilled from the eluate, which had been reduced in volume by distillation, 
through a 9 cm. fractionating column, leaving a mixture of biaryls and the last traces of nitro- 
benzene. The nitrobenzene distillate was redistilled and a residual 0-5 ml. was combined with 
the biaryls. (vi) The mixture of bjaryls, final traces of nitrobenzene, and some of the high- 
boiling material was distilled at a pressure of 0-1 mm. No fractions were taken. The greatest 


16 Hey, Pengilly, and Williams, J., 1955, 6. 
1” Scarborough and Waters, J., 1927, 91. 
#8 Atkinson, Morgan, Warren, and Manning, J. Amer. Chem. Soc., 1945, 67, 1513. 
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source of error in the working-up procedure comes from the final separation of the high-boiling 
resin and the biaryls. To provide a check on this separation and hence to minimise such errors, 
the distillate, consisting of nitrobenzene, biaryls, and resin, was homogenised by warming and 
divided into two parts (A and B). Each part was then fractionally distilled as described in 
Part II,’ giving the “ forerun,” consisting of nitrobenzene and traces of the lowest-boiling 
biaryl, and the biaryl fraction. 
es te PhNO, 
Determination of PhH 
o-nitrobenzoyl peroxide (8-63 g.) in an equimolar mixture of benzene and nitrobenzene (200 ml., 
peroxide : solvent molar ratio = 0-025:2). The reactions were allowed to proceed in a 
thermostat at 80° for 72 hr. The biaryl fraction, b. p. 87—140°/0-01 mm., was isolated as 
described above and was analysed volumetrically by reduction with titanous sulphate. The 
forerun, b. p. 35—80°/0-1 mm., which contained nitrobenzene and 2-nitrobiphenyl, was analysed 
similarly. The absence of dinitrobiphenyls in this fraction can be assumed, since they did not 
begin to distil until a temperature of 120° had been reached. A small quantity of material, 
b. p. >170°/0-01 mm., remained after the distillation. The results are given in Table 1. 


K for o-Nitrophenylation.—Experiments 1 and 2 were carried out with 


TABLE I. 

Experiment 1 Experiment 2 

A B A B 
ONO I) ceccccsacescesseccsscescesscoqcscessceqcassoreneses 1-484 0-966 1-296 0-612 
SEY Bie DUIS TIED: | accncsscnccscescosaceseseccocseosece 11-32 11-32 11-39 11-32 
2-Nitrobiphenyl in forerun (g.)  ........scseceeeeseseeeeees 0-024 0-015 0-000 0-010 
RE SUI ORD. rcepestnivcicectissionntoccateenatdecsttces 2-407 1-986 1-819 2-627 
Nitrogen in biaryl fraction (%) ........secsecesececeeeeees 8-11 8-12 8-11 8-10 
ROCA SAATOMIPMOMY! (F.) 0.002000. .cccccrescccssccscooees 1-851 1-518 1-381 2-010 
PEE CET | ascnceveitoosecescosoennsctenssncsesses 0-580 0-483 0-438 0-627 
a Mike JAS Mp eR ESS SS 0-255 0-259 0-259 0-254 
Pe ls Ge I OD. « Sensinissncepeionmbocssquetenserses 4-432 4-456 
o-Nitrobenzoic acid (g.): free ..........cccscccccescceesees A-31 4-23 

WEEE GED wesesscccctncesess 0-51 0-50 

OID GD wcvesaccccdjcccucetsksicetiseedeasbebeiseoenstdcses 0-256 0-169 
o-Nitrobenzoyl peroxide accounted for (%) ............ 96-7 95-8 


Hence PNOsK (mean) = 0-26 


Determination of ae for o-Bromophenylation.—Experiments 3 and 4 were carried out by 


the same procedure with o-bromobenzoyl peroxide (10-40 g.) and an equimolar mixture of 
benzene and nitrobenzene (200 ml., peroxide: solvent molar ratio = 0-025: 2). Foreruns 
containing nitrobenzene and 2-bromobiphenyl were taken at b. p. 35—50°/0-1 mm., and 
analysed for nitrogen. The absence of bromonitrobiphenyls in this fraction is inferred from 


TABLE 2. 

Experiment 3 Experiment 4 

A B A B 
NN DAD. wissnitiiccadacdidanssaiatisentinaoditinetectiapaninns 0-651 0-363 0-319 0-256 
PE EE BR cncccesccaconsephaphosctécceseapsins 10-81 10-51 10-55 10-21 
2-Bromobipheny]l in forerun (g.) — .....-..sceseeeeseeseeee 0-033 0-028 0-024 0-027 
SEP EIEN GD Sescciicnnccotiedsctissborscccstunceossossns 2-624 1-744 2-168 1-839 
Nitrogen in biaryl fraction (%) ........:.ssseccseeseeeeees 2-43 2-50 2-49 2-52 
Total 2-bromobipheny] (g.) .........cscscsescesseesesveceers 1-392 0-907 1-121 0-947 
Bromonitrobiphenyls (g.)  ............scecececccesecceseeee 1-265 0-865 1-071 0-919 
FE ictal slalns disennindiina.cencieeniten concern 0-761 0-799 0-801 0-814 
SOE WR CEPA GE) see Wicdcctcscscincetsiccrsceseces 4-429 4-058 
o-Bromobenzoic acid (g.): free .........cecceceeceneeceees 4-33 4-35 

ee 0-51 0-46 

TIED GED. ecqctesoqasecescooneccaseceguagnsivespcocescoseces 0-739 0-536 
o-Bromobenzoyl peroxide accounted for (%) ......... 79-0 77-1 


PhNO 
Hence PhH* = 0-79 
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their higher b. p. The biaryl fraction distilled at 60—122°/0-01 mm., and a residue (b. p. 
> 137°/0-01 mm.) was left after the distillation. The results are given in Table 2. 


Determination of ee for o-Nitrophenylation.—Experiments 5 and 6 were carried out with 
2 


o-nitrobenzoyl peroxide (8-00 g.) in an equimolar mixture of nitrobenzene and chlorobenzene 
(200 ml., molar ratio peroxide : solvent = 0-022: 2). From the mixtures were obtained a 
forerun (b. p. 35—60°/0-1 mm.) containing nitrobenzene and 2-chloro-2’-nitrobiphenyl, and the 
biaryl fraction (b. p. 80—140°/0-01 mm.). The absence of dinitrobiphenyls in the forerun is 
inferred from their b. p., which is some 60° higher than the highest temperature reached in the 
distillation of the forerun. A small residue (b. p. >160°/0-01 mm.) was left after the distil- 
lation. The results are given in Table 3. 

Determination of ae for o-Bromophenylation.—o-Bromobenzoyl peroxide (9-76 g.) was 


allowed to decompose in an equimolar mixture of nitrobenzene and chlorobenzene in a similar 


TABLE 3. 

Experiment 5 Experiment 6 

A B A B 
ED: CA ssa unustinssensscesusgpmnaneshaweseleciaaials 1-482 0-727 1-230 0-596 
PA BE TOPE DIED | oe inn ccccccecivsscciseiecsiivenes 11-40 11-38 11-39 11-30 
Chloronitrobiphenyl in forerun (g.)  .........ceceeeeeeees 0-000 0-000 0-000 0-010 
PE IE, snncasuvessiacedescsscessscospaienasaneane 2-949 1-473 3-016 1-593 
Nitrogen in biaryl fraction (g.)  ..........sesseeeseeseeeees 7-39 7-28 7-41 7-35 
Total chloronitrobiphenyls (g.)  ....2.....ssseeeeceeeeeeees 2-201 1-129 2-241 1-211 
PIIOIIES GE). c00004c0sc ccs cccsscpncesannsnsesivese 0-748 0-344 0-775 0-392 

PhCl . . . . 
PhNO,* iivinikidhsseneingbbeilpttnsnccssoitpeenisoeatneithiads 3-07 3-43 3-02 3-23 
ee WE. Ee OED © Sastheccircccnecicvnccosvecedetetnes 4-422 4-619 
o-Nitrobenzoic acid (g.): free ............ccssccsccscesseees 3-27 3-64 
Se GERRED Sonvcsonccstedines 0-62 0-70 

PE GRD | retin scscnectiicdehawcscosdsidscerecac<audeteestene 0-164 0-198 
o-Nitrobenzoyl peroxide accounted for (%) ............ 87-5 94-9 


PhCl 
Hence PhNo,* (mean) = 3-19 


manner (molar ratio peroxide : solvent = 0-025: 2). The biaryls in expts. 7 and 8 were isolated 
by the standard method and distilled at 81I—140°/0-01 mm. The forerun (b. p. 35—60°/0-1 mm.) 
contained nitrobenzene and traces of bromochlorobiphenyls. The absence of bromonitro- 
biphenyls is inferred from their higher b. p. Residues (b. p. >155°/0-01 mm.) were left after 
the distillation. The results are given in Table 4, 


TABLE 4. 

Experiment 7 Experiment 8 

A B A B 
ED, «1c iantiinssictdeerssmnaiibesinanaenbiaaeteye 0-744 0-282 0-202 0-330 
I SPIEL ECD | osccenicncscasacbanssenbaneeursonann 11-34 11-15 11-33 11-26 
Bromochlorobiphenyls in forerun (g.)  .............0+0++ 0-003 0-006 0-002 0-004 
Ne CRITE © ib ad hada setiscsecsccnseectivisticscdessé 3-153 1-264 1-977 2-987 
Nitrogen in biaryl fraction (%), .......ssssescsecseseeeeees 2-55 2-53 2-27 2-32 
Bromochlorobiphenyls (g.) ............scsescececeeeececeees 1-561 0-636 1-089 1-616 
CTE MLD .casorsdeomsinsconsgoressnevton’ 1-595 0-634 0-890 1-375 

PhCl 
PhNno,* leapiietatinnatn pinta eaininanpininteiinnnieinaioamentiens 1-02 1-04 1-27 1-22 
ec ES G8 is osichciarontniennitesidamnmicnenms 4-426 4-970 
o-Bromobenzoic acid (g.): free ..........sscsesccsssscoees 3-93 3°87 
entettet Be cent 0-42 — 

BODES ccsnsdestcossesctbinrcuccstuldceivsbbstgeensethess 0-936 0-958 
o-Bromobenzoyl peroxide accounted for (%) ......... 77-3 78-5 


PhCl 
Hence Phno,* (mean) = 1-14 
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Determination of ane a K for o-Bromophenylation.—In experiments 9 and 10 o-bromobenzoyl 
2 


peroxide (9-60 g.) was allowed to decompose in an equimolar mixture of nitrobenzene and 
toluene (200 ml., molar peroxide : solvent ratio = 0-025: 2). The mixtures were treated in the 
usual way. Owing to the presence of bibenzyl in the products, the forerun was distilled at a 
lower temperature range (b. p. 35—44°/0-1 mm.) and contained nitrobenzene and a small 
quantity of bibenzyl. This fraction was analysed for nitrogen by reduction of the nitro- 
compounds with titanous sulphate. The “ biaryl”’ fraction (b. p. 50—125°/0-01 mm.), which 
contained the remaining bibenzyl and the biaryl products, was analysed for nitrogen and for 
bromine by the micro-Carius method. The absence of biaryl products in the forerun is inferred 
from their higher b. p. Unidentified material (b. p. >150°/0-01 mm.) remained after the final 
distillation. A smaller quantity of peroxide (6-00 g.) was used in experiment 11, and the 
reaction mixture was not divided before the final ditillation. The results are given in Table 5. 

Reaction of o-Nitrobenzoyl Peroxide with Toluene.—Qualitative. The purpose of this experi- 
ment was to determine whether bibenzyl was formed. o0-Nitrobenzoyl peroxide (15-0 g.) in 
toluene (300 ml.) was heated on a boiling-water bath for 48 hr. The binuclear products were 
isolated as described above and distilled at 30—130°/0-1 mm., to give a yellow oil (16-9 g). 
This was redistilled, and the fraction (5-92 g.), b. p. 30—110°/0-1 mm., was dissolved in dry 
benzene and shaken under hydrogen with Raney nickel. The filtered benzene solution was 
extracted with hydrochloric acid (d 1-18), washed with water, and dried (Na,SO,). The residue 
obtained on evaporation of the benzene solution was adsorbed on alumina and eluted with light 


TABLE 5. 

Experiment 9 Experiment 10 Experiment 11 

A B A B 
URI OIEEL, . srevncrisvccrseeseisevisichesreneevesve 1-899 0-497 . 1-679 0-836 1-916 
Nitrogen im forerum (9%)  ........cccesscsccccsese 11-16 10-83 11-37 11-31 11-40 
BORN YE BE BOCUTOM GH.) occccccccncsisceccccccces 0-038 0-024 _ 0-003 0-006 0-000 
wT IED MELD weccececssdenentpccaccacece 1-585 0-878 1-559 0-825 1-610 
Nitrogen in “ biaryl” fraction (%) ......... 1-59 1-56 1-66 1-64 1-66 
Bromine in “ biaryl”’ fraction (%)_ ......... 29-4 29-5 28-00 28-75 29-3 
Bromonitrobiphenyls (g.) —........csseseeeeeeee 0-500 0-272 0-513 0-268 0-530 
Bromomethylbiphenyls (g.) ..........csseeeeeeee 0-996 0-559 0-893 0-495 0-987 
IED Sbennncenadennnassanscescncese 0-127 0-071 0-156 0-068 0-093 

PhMe ,, , 2. , ° 2- 
PhNO,* Lihsaedhitscnnuleeditninss ppvasbanreiiavesée 2-24 2-32 1-96 2°07 2-09 
Total wt. of binuclear product (g.)............ 2-525 2-393 1-610 
o-Bromobenzoic acid (g.): free ..........s0++: 5-17 5-18 3-16 
from esters ...... 0-71 0-68 0-53 

Sg ES eS a ee 0-488 — 0-214 
o-Bromobenzoyl peroxide accounted for (%) 80-0 78-7 81-1 


PhM 
Hence PhNO,* (mean) = 2-14 


petroleum (150 ml.; b. p. 40—60°) to give bibenzyl (0-8 g.), which on crystallisation from 
methanol had m. p. and mixed m. p. 51—52°. 

Quantitative. In experiments 12 and 13, o-nitrobenzoyl peroxide (6-00 g.) was allowed to 
decompose in toluene (200 ml.) at 80°. The method of isolation of bibenzyl and the biaryls 
was that used in the competitive experiments, except tht the reaction mixtures were not divided 
in the final stage. Both the forerun (b. p. 35—60°/0-1 mm.), which contained bibenzyl and 
nitrobenzene, and the “ biaryl ”’ fraction, containing bibenzyl and the isomeric methyl-2’-nitro- 
biphenyls, were analysed for nitrogen by reduction of the nitro-compounds with titanous 
sulphate. Before the final distillation the mixture was kept at room temperature at 0-1 mm. to 
remove any residual toluene. The absence of methylnitrobiphenyls in the forerun is inferred 
from their higher b. p. Residues (b. p. >150°/0-1 mm.) were left after the final distillation. 
Table 6 records the results. Nitrobenzene was not isolated quantitatively. 


Determination of ae for o-Nitrophenylation.—In experiment 14, o-nitrobenzoyl peroxide 


(8-00 g.) was allowed to decompose in an equimolar mixture of toluene and chlorobenzene 
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TABLE 6. 
Experiment 12 Experiment 13 

FOPeTaN (G.)  ..0.0cccreccscsccccccrcccscccscosovcccscscscosesecevesccssessssecvccsoscsse 0-681 0-498 
Nitrogen im forerum (%) ........ccseccsscesscesccessccccscccescccseseescescenscceees 7-16 7-19 
Bibenzyl im forerun (G.)  .....0....cercrccoscrecesccsssescescescesccscsscosccscoesocs 0-253 0-184 
SE CR DUET OD ccc ccocssevcosescnscodscvucesepeccepcedvsbbnccssogees 0-428 0-314 
 Biaryl ’ fraction (g.) ..........sscsccscssecesssecesccsccscescrscescrsscscsecosscecs 1-287 1-317 
Nitrogen in ‘‘ biaryl ”’ fraction (%)  ........sececsscsessesceeceesesseeeeeceesers 5-27 5-05 
Methylnitrobiphemyls (g.) ......:sscseeceeeeseeeeeccneeeeeeeeeeceseeeceeeeneeens 1-031 1-012 
ET SEE TEE nnn snkcicenyscatiomagepneadetvenhaoscinseisduianaseahsvensuhiia 0-509 0-489 
SOAR GUE FB) = TIO nese ncecccscscccconesescacccccccqcnesepecnnesseoncsce 2-95 2-92 

Pe QO vcecsaczcteccksscasasvevedassioiusetosseces 1-25 1:30 
TBM GEY ns ic ccicciscc cc ccscicstnesdescecccenncsasoncccsesconctncsnesnsnsesebebeesed 0-116 0-155 
o-Nitrobenzoyl peroxide accounted for (%) .......:csescecseeceeeceeeeeeseceees 93-2 90-9 
Bibenzy] in binuclear product (% by weight of total binuclear products) 33-04 32-62 


Mean = 32:8% 


(200 ml., molar ratio peroxide : solvent = 0-022: 2) at 80°. The “ biaryl” fraction (b. p. 50— 
122°/0-01 mm.), which contained bibenzyl in addition to the biaryls, was isolated by the 
standard method and was analysed for nitrogen and for chlorine. The forerun (b. p. 35— 
50°/0-1 mm.), which contained bibenzyl, nitrobenzene, and traces of chlorobenzene, was not 
analysed, since its composition is not relevant to the calculation of the rate ratio. The residue 
had b. p. > 140°/0-01 mm. The results are recorded in Table 7. 


TABLE 7, 

Experiment 14 

A B 
** Blawyl ” Seaham: (G,) ccccccsccssssesccenscocesceccesscsssctdescsnsensas 1-056 1-214 
Nitrogen in “ biaryl" fraction (96)  ...cccciscccesesccsecscessoscsces 5°74 5°77 
CORES ie NG TERENCE) occoccccccstccccesccecoscconsseceses 6-14 6-14 
CROP OUNOIIG ES GY on. cncccscnssccecoccsescccscacctonccsessesase 0-426 0-490 
DENTON HG:) occ cnicicicvsccctesiccescccdocboownessecsios 0-533 0-618 
Pulte 1-37 1-38 
PHC] Mo ceresssseesssseceesessseeeeseeeeeeeeeeesenseseeseeesseeneeeeseseees 
OT GONEG GARE GEFs GODD. 2nsiksin sncccnsecnsssstommiccesesecotecesees 3-74 

SOE IS © o ancsabicaindeedherssiensecen 1-37 

I GES scnitrncinisitessencccceeennipeiinsnmnsenel susesenintpiabinen 0-267 
o-Nitrobenzoyl peroxide accounted for (%) ......s.secceseseesesees 83-3 


PhM 
Hence Paci* (mean) = 1-38 


Determination of the Ratio of Isomers formed in the 0-Bromophenylation of Nitrobenzene.—o- 
Bromobenzoyl peroxide (8-00 g.) was allowed to decompose in nitrobenzene (165 ml., molar 
ratio peroxide : solvent = 0-025: 2) at 80°. The biaryls were isolated by the standard procedure 
described above, with the following modifications. (a) Stage (i) was omitted. (b) The difference 
in the b. p.’s of nitrobenzene and the biaryls (60° at 0-1 mm.) allowed a clean separation by 
distillation, and so no forerun was taken. Nitrobenzene was slowly evaporated from the 
mixture at 0-1 mm., mostiy at room temperature, and for the final traces by keeping the 
distillation flask at 80°. Similarly, a clean separation of the biaryls and high-boiling material 
was possible and so the reaction mixtures were not divided before the final distillation. 

In expts. 15 and 16, the mixtures of isomeric 2-bromo-x’-nitrobiphenyls were distilled as 
pale yellow semi-solids (3-209 g. and 3-726 g., respectively) at 96—141°/0-01 mm., leaving 
residues (b. p. > 190°/0-01 mm.) of 0-81 g. and 0-80 g. respectively. 

Infrared analysis. The composition of the mixtures of 2-bromo-x’-nitrobiphenyls was 
determined by means of the infrared spectrographic method described in Part III." In nitro- 
methane solution 2-bromo-2’-nitrobiphenyl absorbs at 790 cm.", and 2-bromo-3’-nitrobiphenyl 
absorbs at 742 and 813cm.. These, bands were used for the analysis. The absorption bands 
of 2-bromo-4’-nitrobipheny] lie too close to other absorption bands of its isomers to be of any 
analytical value, and the amount of this isomer in the mixture was therefore obtained by 
difference. The accuracy of the method was checked by the analysis of artificial mixtures 
(Sl and S2) of the three pure isomers. The results are recorded in Table 8. 
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TABLE 8. Infrared analysis of mixtures of 2-bromo-x'-nitrobiphenyls. 


Composition (%), found Composition (%), known 
Mixture 2,2’- 2,3’- 2,4’- 2,2’- 2,3’- 2,4’- 
Sl 41-2 20-6 38-2 41-7 19-9 38-4 
S2 54-0 18-9 27:1 54-2 18-9 26-9 
15 35-5 25-6 38-9 
16 35-1 25-0 39-9 
Mean 15 & 16 35-3 25°3 39-4 


Determination of the Ratios of Isomers formed in the o-Nitrophenylation of Nitrobenzene.—o- 
Nitrobenzoyl peroxide (8-00 g.) was allowed to decompose in nitrobenzene (206 ml., molar ratio 
peroxide : solvent = 0-024: 2) at 80°. The biaryls were isolated by the method described for 
the isolation of the 2-bromo-%’-nitrobiphenyls. In expts. 17 and 18, the biaryls were obtained 
as yellow solids (4-410 g. and 3-741 g., respectively) at b. p. 118—160°/0-01 mm. (A portion of 
the homogeneous solution of the biaryls was lost in expt. 18.) Small quantities of residue 
(0-159 g. and 0-134 g., respectively, b. p. >210°/0-01 mm.) were left after the final distillation. 

Analysis of the isomer mixtures. The simple infrared method is not suitable for the analysis 
of the mixture of isomeric 2,%’-dinitrobiphenyls. The spectrum of 2,2’-dinitrobipheny] is 
identical with that of 2,4’-dinitrobiphenyl in the 910—700 cm. region except for a band at 
855 cm.1. However, 2,3’-dinitrobiphenyl absorbs at 853 cm.1, and so renders the band at 
855 cm." useless for analytical purposes. The ultraviolet spectra of the three isomers are very 
similar in the 220—310 mu region. At no wavelength does one isomer absorb more strongly than 
the others, and the ultraviolet method of analysis described in Part V ™ is therefore also 
unsuitable. 

Dewar and Urch’s method # for the analysis of a binary mixture from its ultraviolet 
spectrum, with slight modification, was applied to the analysis of the mixtures of dinitrobi- 
phenyls. The exact procedure was as follows. If standard solutions of the pure components 
(1, 2, and 3) have concentration ¢,, c,, and ¢, g./l., and at wavelength d have optical densities 
01, 0g, and 03, respectively, and if the concentrations of the three isomers in a solution of a mixture 
of unknown composition are x, y, and z g./l. and at wavelength i, the solution has optical 
density FR, then, provided Beer’s law is obeyed 


R = %.0,/¢, + Y . O/Cg + 2. Og/Cs i wat + Oe 


R/o, — (/€2)(02/0,) = #/¢, + (2/€3)(03/0,) a, pin eles 


The graph of [R/o, — (y/c2)(0/0,)] against 0,/o, will therefore be a straight line of slope z/c, and 
have an intercept on the ordinate of #/c,. Dewar and Urch used this method with success to 
analyse a mixture of two components (i.e., y = 0), and they suggested that the method could 
be extended to include mixtures of three components by plotting graphs using various arbitrary 
values of y until a straight line was obtained. This method was attempted for an artificial 
mixture of the isomers, but it was realised that it would have been an extremely laborious, if 
not impossible task, to estimate the value of y accurately by trial and error. The value of y 
(in this case the concentration of 2,3’-dinitrobiphenyl) was determined by an infrared method, 
and this value was used in conjunction with the graphical method to determine the 
concentrations of the other two isomers in the mixture. A possible source of error is 
the determination of the best straight line through the various points. However, a second 
equation, analogous to equation (2), can be derived from equation (1), i.e., 


R/og — (y[¢2)(0g/03) = 2/cy + (¥/c,)(0,Jos3) - - - - « « (3) 


A graph of [R/o, — (¥v/c,)(0,/03)] against 0,/0, will also be a straight line of slope */c, and having 
an intercept on the ordinate equal to z/c;. Thus a check on the graphical errors is provided by 
the agreement between the results obtained by use of equations (2) and (3). 

The concentration of 2,3’-dinitrobiphenyl in the mixtures was determined as follows. The 
relation between the apparent extinction coefficient of a ternary mixture (A,;,;,) and the 
apparent extinction coefficients of its components (f,, ,, and k;) is given by 


Therefore 


Rist. = 2% + Ray + hz 
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where *, y, and z are the fractions of each component in the mixture. Thus, if k, > hk, and ky, 
a graph of kmixt. against y is a straight line of slope ky. 2,3’-Dinitrobiphenyl absorbs infrared 
radiation in the 910—700 cm.* region at 814 and 776 cm.. Absorption by the other isomers 
at these frequencies is very small. Mixtures of the three isomers with varying proportions of 
2,3’-dinitrobipheny] were dissolved in nitromethane, and the values of k,,;, at these frequencies 
determined. A linear relation was found to exist between the values of Apj;+, and the con- 
centration of 2,3’-dinitrobiphenyl. The value of Am;,;, was then measured for the mixtures to 
be analysed and the corresponding concentrations of 2,3’-dinitrobiphenyl were determined 
from the graph. The analytical method was shown to be satisfactory by the analysis of an 
artificial mixture (S,) of the pure isomers. The results are given in Table 9. 


TABLE 9. Determination of 2,3'-dinitrobiphenyl. 


DRAINED. oe sicscceqeestiescesssepstanttienphchebemeniin $3 17 18 
2,8'-Dinitrobiphenyl (%){ Known fo, OD 


The proportions of 2,2’- and 2,4’-dinitrobiphenyl were determined by the ultraviolet spectro- 
metric method described above. Analysis of mixture S, showed the method to be valid. 
Standard solutions of the pure isomers and of mixtures S,, 17, and 18 were made in ethanol 
(concentration ~ 3 x 10° mole/l.) and their optical densities measured at 5 my intervals 
through the 220—310 my region. The results of the analysis are recorded in Table 10. 

Since this method gives the concentration of each component in the mixture directly, that 
is, none of the concentrations is obtained by difference as, for example, in the method used for 
the analysis of the 2-bromo-z’-nitrobiphenyl mixture, the sum of the “ percentages ’’ of each 


TABLE 10. Analysis of the dinitrobiphenyl mixtures. 
Composition (%) 











7 Found Known b's 
Mixture 2,2’ 2,3’- 2,4’- ‘2,2’ 2,3’- 2,4’- 
S, 19-7 51-1 26-3 19-2 50-9 29-9 

17 58-8 18-1 28-6 i oe pot 


18 53-8 18-5 26-3 _ _ _— 


isomer in Table 10 is not 100. Ifthe proportion of each isomer is expressed as a true percentage, 
the mean composition of 17 and 18 becomes 2,2’- 55-2%, 2,3’- 18-0%, 2,4’-dinitrobiphenyl 26-8%. 


DISCUSSION 


Relative rates of arylation with o-nitro- and o-bromo-pheny] radicals, calculated from 
the results of the competitive experiments described above, are compared in Table 11 with 
the relative rates of phenylation and arylation with the corresponding para-substituted 
radicals. 


TABLE Il. 
PhNO PhCl PhMe 
Radical PhH* PhH* Phu® 
Pi nininnicestinice’ 0-26 0-83 1-16 
PII casccnncxccpscnsncses 0-94 1-3 2-50 
O-BreCHg? eossescccses Prisha 0-79 0-90 1-69 
r+ ~*~ 5 egeanneneeenennene renee 1-76 fon ae 
1) Sete SR RRR 4-00 1-44 10 1-68 


The relative rates of o-bromo- and o-nitro-phenylation of nitrobenzene are significantly 
lower than the corresponding rate-of phenylation, and are consistent with the theory of 
polarised radicals in that the changes in their values are in accord with the known properties 
of nitrobenzene towards electrophilic reagents. A similar variation occurs in the relative 


” Hey, Pengilly, and Williams, J., 1956, 1463. 
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rates of arylation of chlorobenzene, but in this case the differences are much smaller, 


The values of a are all derived values, and so contain greater errors than the values of 


rate ratios, such as — , which are measured directly. The differences in ane are 
therefore of doubtful significance. However, all the relative rates of arylation with 
ortho-substituted aryl radicals are lower than the relative rates of arylation with the 
corresponding para-substituted radicals. It is to be expected that substituents ortho to 
the radical centre should have a stronger polarising influence than substituents in the 
para-position, since the magnitude of the inductive effect is known to depend on the 
distance of the polarising field from the site of the reaction. Thus, for example, it is not 
unexpected that nitrobenzene is less reactive towards o-nitrophenyl radicals than towards 
p-nitrophenyl radicals, since the former should be the more powerfully electrophilic. This 
reasoning does not, however, explain the decreased reactivity of toluene towards o0-nitro- 
phenyl radicals compared with its reactivity towards p-nitrophenyl radicals, since toluene 
would be expected to display a greater reactivity in o-nitrophenylation than in #-nitro- 
phenylation. 

It is therefore considered probable that steric factors influence the reactivity of 
aromatic compounds towards arylation with ortho-substituted phenyl radicals. The 
ortho-positions of certain aromatic compounds have been found to show a much diminished 
reactivity in phenylation when they are adjacent to bulky substituents (e.g., t-butyl- 
benzene § and benzotrichloride *™°). In the cases of nitrobenzene,? chlorobenzene,” and 
toluene,!* however, there appears to be very little hindrance to the attachment of a phenyl 
radical at the ortho-positions and, in fact, these are the most reactive positions in the 
molecule. Nevertheless, as the effective size of the attacking radical increases, as must 
be the case with ortho-substituted phenyl radicals, hindrance to the attachment of the 
radical at the ortho-positions of these compounds might well become significant and may 
lead to a reduction of the total reactivity of the molecule. The reduced reactivities of 
nitrobenzene and chlorobenzene for o-nitro- and o-bromo-phenylation (compared with 
their reactivites for p-nitro- and #-bromo-phenylation) may therefore be due to such a 
steric effect as well as to an enhancement of the polar character of the radical. For 
substitution in toluene, these two influences oppose each other, and the reduced reactivity 
of toluene to o-nitrophenylation may be explicable in terms of the preponderance of the 
steric effect. For o-bromophenylation it appears that the steric and the polar factor are 
about equal in magnitude, and their combination causes the reactivity of toluene to be 
about the same as its reactivity in phenylation. 

The proportions of isomeric biaryls formed in the o-bromophenylation of nitrobenzene 
(cf. Table 12) clearly demonstrate the existence of steric hindrance, arising from the 
increased size of the radical, to reaction at the ortho-position. For o-nitrophenylation, on 


TABLE 12. Ratios of isomers formed in the arylation of nitrobenzene (°%). 


Radical a3- a23- a4- Radical a3- 33- 2,4- 
O-NOyC,Hyt  .eeeeeee 55 18 27 PICT o....0c.020. 58 13 29 
P-NOgCHy ® occ 58 15 27 NT sicsisesivcienseas 62 10 28 
O-BreCgHy? ....eceseees 35 25 40 


the other hand, the isomer proportions do not indicate the incidence of an analogous steric 
effect. These considerations may be subjected to further discussion in terms of the partial 
rate factors for arylation, assembled in Table 13. 

In order to rationalise these partial rate factors it is necessary to distinguish between 
steric and polar effects. Changes in the size of the attacking radical will have their 
greatest influence on the reactivity of the ortho-positions of the substrate molecules. The 


2% Hey, Saunders, and Williams, unpublished work. 
21 Chang, Hey, and Williams, J., 1958, 1885. 
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TABLE 13. Partial rate factors for arylation of nitrobenzene. 


Radical F, F,, F, F./ Fm F,/Fa 
O-BrrC gg? ...00..ccccccee 0-83 0-59 1-90 1-41 3-22 
£-BrC Fae ® .....2.0000. 3-1 0-7 2-9 4-43 4-14 
o-NO,°C,H,° .........00. 0-43 0-14 0-42 3-07 3-00 
p-NO,C,H,® ......... 1-64 0-43 1-56 3-81 3-63 
CoH ge © Me .....ccccveee 7-5 1-2 6-6 6-25 5-50 


reactivity of the para-positions should be least affected. It is therefore possible to consider 
the effect of changes in the polar characteristics of the radical by reference to the partial 
rate factors for substitution at the para-position, and the influence of the effective size of 
the radical by reference to the partial rate factors for substitution at the ortho-positions. 
If it can be assumed that the movement of a substituent from the para- to the ortho- 
position of the phenyl radical causes an enhancement of its polar influence, the partial rate 
factor for substitution at the para-position of nitrobenzene should decrease as the transition 
is made from the phenyl to the #-bromophenyl and then to the o-bromopheny] radical. 
This decrease, in fact, occurs. The almost insignificant decrease in the partial rate factor 
for substitution at the meta-position for this transition, and the decrease in the ratio of the 
partial rate factors for substitution in the para- to the meta-position (Fp/Fm), which shows 
that the decrease in F;, is not so marked as in Fy, suggests that the reactivity of the meta- 
position in nitrobenzene is little affected by changes in the polar character of the attacking 
radical. Exactly the same trend is observed for nitrophenylation. 

The reactivity of the ortho-positions of nitrobenzene is seen to be approximately equal 
to that of the para-position in both phenylation and p-bromophenylation. For o-bromo- 
phenylation the reactivity of the ortho- is much less than that of the para-position. 
Furthermore, the F,/F,, ratio for #-bromophenylation is more than three times as great 
as for o-bromophenylation. This indicates a definite hindrance to substitution at the 
ortho-position of nitrobenzene arising from the increased effective size of the o-bromo- 
phenyl radical. On the other hand, this situation does not arise for the reaction with 
o-nitrophenyl radicals. The reactivities of the ortho- and para-positions are the same, but 
are lower than their reactivity towards p-nitrophenyl radicals. This decreased reactivity 
can therefore be ascribed to the more pronounced electrophilic character of the o-nitro- 
phenyl radical. It is suggested that the absence of a steric effect in this reaction is the 
result of the rotation of the nitro-groups, attached to both the radical and the substrate 
molecule, out of the plane of their respective nuclei as the transition state leading to 
ortho-substitution is formed. If such a rotation may be assumed, steric hindrance to 
substitution may be circumvented and the steric requirements of the reactions at the 
ortho-positions of nitrobenzene with both o- and p-nitrophenyl radicals would be similar. 

The reaction between diaroyl peroxides and toluene, leading to the formation of bi- 
benzyl, can proceed by two mechanisms. Both the aryl and the aroyloxy-radical can, in 
theory, abstract hydrogen atoms from the side chain to give benzyl radicals which then 
dimerise. For the reaction with benzoyl peroxide, it was considered that the phenyl 
radical alone was responsible for this reaction,!® but more recent work has indicated that 
the benzoyloxy-radical also takes part in it.22 No products of side-chain attack have been 
isolated from the reaction of toluene,®!* ethylbenzene, and isopropylbenzene “ with 
p-nitrobenzoyl peroxide. Augood and Williams’ have commented on the relation 
between the polarity of the attacking radical, assumed to be the free aryl radical, and the 
extent of the reaction at the side chain, by pointing out that a higher incidence of nuclear 
attack is to be expected to result from reactions with the more strongly electrophilic 
radicals. Similar reasoning can be applied to attack by aroyloxy-radicals. The finding 
now reported that bibenzyl is produced from toluene and o-nitrobenzoyl peroxide is, how- 
ever, anomalous if considered solely in these terms. The isolation of nitrobenzene from this 


* Foster and Williams, unpublished observation, 
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reaction indicates that the o-nitrophenyl radical is at least partially responsible for the 
abstraction, although the extent to which the o-nitrobenzoyloxy-radical participates is 
uncertain. o-Nitrobenzoic acid was isolated from the reaction mixture in excess of the 
quantity expected from substitution alone: 


Re 
Re + PhMe ——p> [ Scat | 
H 


| o-NO,"C,H,°CO,° 


R°CgHy’Me + 0-NO,°C,H,°CO,H 
where * = 0-NO4g’CgHy and o-NO,°C.H,yCO,° 


Thus the anomalous conclusion is reached that, in reactions with nitrobenzene, radicals 
derived from o-nitrobenzoyl peroxide appear to more strongly electrophilic than those 
derived from /-nitrobenzoyl peroxide, while in reactions with the toluene side chain, they 
appear to be more strongly nucleophilic than radicals derived from p-nitrobenzoyl peroxide, 
and even more strongly nucleophilic than those derived from benzoyl peroxide. This is 
illustrated in Table 14. Several possible explanations of this anomaly may be advanced. 


TABLE 14. Side-chain attack in reactions with toluene. 


Radical source ..........sccccscssseese (p-NO,°C,H,°CO,), ®» 14 (C,H,°CO,),%® —(o-NO,°C,H,°CO,), 
Bibenzyl (moles/mole peroxide) ... 0-0 0-03 0-11 


It is clear that for reactions between #-nitrophenyl (or p-nitrobenzoyloxy-) radicals and 
toluene, the activation energy for reaction at the side chain is greater than that for reaction 
with the nucleus. In reactions with o-nitrophenyl (or o-nitrobenzoyloxy-) radicals, it 
follows that some factor causes either a decrease in the activation energy for reaction at 
the side chain, or an increase in the activation energy for the reaction with the nucleus, in 
order that both reactions may take place. If the o-nitrophenyl radical and the toluene 
molecule can undergo some form of association through their substituents, possibly in the 
nature of a very weak hydrogen bond between the hydrogen atoms of the toluene side- 
chain and the oxygen atoms of the nitro-group attached to the radical, the configuration 
of the resulting complex may be favourable for the reaction at the side-chain. Hydrogen 
bonds of the type —C-H «+++ O- are considered to be very weak, but their formation has 
been invoked to account for the high acid dissociation constant of o-toluic acid compared 
with that of its meta- and para-isomers. If such an association occurs, it is clear that it 
will also occur in reactions with p-nitrophenyl radicals, but in this case the reactive positions 
in the radical and the methyl group are separated by a greater distance and would not be 
expected to interact. A similar argument may be applied to the o-nitrobenzoyloxy- 
radical. 

The reaction of aromatic nuclei with ortho-substituted aryl radicals may also be subject 
to the following additional steric influence of the ortho-substituent. If some interaction 
occurs between any ortho-substituents present in the radical and the x-electrons of the nucleus 
of the substrate molecule during the formation of the transition state, the absolute rate of 
reaction of the radical with ali the nuclear positions may be decreased independently of the 
polar characteristics of the radical. Such an interaction would be much smaller in the case 
of the para-substituted radical, whose only ortho-substituents are hydrogen atoms. There 
would therefore exist an additional energy barrier to substitution by o-nitropheny] radicals, 
which is not present in reaction with p-nitrophenyl radicals. If such a retardation of 
substitution by ortho-substituted radicals occurs at all, it should occur in reactions with all 
aromatic nuclei and, it may be assumed, as a first approximation, to a similar extent. It 
is therefore incapable of observation by measurement of partial rate factors, since these 


*3 Dippy, Evans, Gordon, Lewis, and Watson, J,, 1937, 1421. 
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relate the reactivity of the various nuclear positions of the aromatic compound to that of 
any one nuclear position in benzene. When the reactivity of an aromatic compound 
towards substitution by ortho-substituted phenyl radicals is compared with its reactivity 
towards arylation with para-substituted phenyl radicals by means of partial rate factors, 
there is no need to consider this additional energy barrier, since for reactions with any aryl 
radical, the reactivity of any position of the benzene nucleus with that radical is taken as 
the standard and is given the value of unity. However, if, as in the reactions with toluene, 
another reaction distinct from nuclear arylation can also take place, it may be necessary 
to consider this additional energy barrier when, for example, the behaviour of the substrate 
towards o-nitropheny] radicals is compared with its behaviour towards the isomeric p-nitro- 
phenyl radicals. This additional energy barrier to the nuclear reaction should render the 
activation energies of the reactions at the nucleus and at the side-chain more nearly equal, 
and may provide an explanation of the observed anomaly. 

A third possible explanation of this anomaly is based on the postulate that the removal 
of a hydrogen atom from an arylcyclohexadieny]l radical [e.g., (I) for p-nitrophenylation]}, 
which is the s-complex intermediate in the arylation reaction, may be facilitated if this 


(I) (II) 


radical contains a nitro- or other conjugating substituent. Such a decrease in the activ- 
ation energy of this process might be associated with the participation of the nitro-group 
in resonance forms involving the two aryl nuclei in the biaryl (II), and is consistent with 
the non-formation of high-boiling resins in arylation reactions in which nitro-groups are 
present in either the radical or the substrate. Thus in these circumstances, the above 
hydrogen-abstraction reaction is favoured relative to the dimerisation of the radical (I) 
which would lead to higher-boiling products. If it is now assumed that in arylation of 
toluene, benzyl radicals are capable of fulfilling the function of the radical R- in the 
hydrogen-abstraction reaction, the amount of bibenzyl formed by dimerisation of benzyl 
radicals should vary inversely with the facility of this process, whereby benzyl radicals are 
consumed and are therefore rendered unavailable for dimerisation. This may well be at 
least part of the explanation of the non-formation of bibenzyl in the p-nitrophenylation of 
toluene. 

However, in the o-nitrophenylation reaction the two nuclei of the x’-methyl-2-nitro- 
biphenyls are probably not coplanar, and hence any resonance stabilisation of these com- 
pounds would be expected to be substantially reduced, and the hydrogen-abstraction 
rendered less easy. Thus fewer benzyl radicals should be consumed in this process and 
hence more bibenzyl might be expected to be formed by their dimerisation. 

Although the extent to which bibenzyl is formed in the reaction of o-bromobenzoyl 
peroxide with toluene has not been investigated directly, it is clear from Table 7, in which 
the results of competitive reactions of this peroxide with mixtures of nitrobenzene and 
toluene are summarised, that some bibenzy] is probably formed in the reaction with toluene 
alone. Some of the influences discussed above with reference to o-nitrophenyl and o-nitro- 
benzoyloxy-radicals may, therefore, also apply to o-bromophenyl and o-bromobenzoyloxy- 
radicals. 
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751. Homolytic Aromatic Substitution. Part XIX.* The Arylation 
of Nitrobenzene and Chlorobenzene with para-Substituted Aryl Radicals, 


By J. K. Hamsuinec, D. H. Hey, and GARETH H. WILLIAMs. 


The determination, by means of competitive experiments, of the relative 
rates of p-nitrophenylation and p-methoxyphenylation of nitrobenzene and 
chlorobenzene is reported. The ratio of the isomers formed in the p-nitro- 
phenylation of nitrobenzene is also determined. The results, which indicate 
that the p-nitrophenyl and p-methoxyphenyl radicals are slightly electro- 
philic in character, are consistent with the hypothesis that the permanent 
polarisation of the substituent has a small but significant influence on the 
reactivity of the free aryl radical. 


In Parts IX,} XIV, XV, and XVI,? determinations were reported of the relative rates of 
arylation of nitrobenzene, chlorobenzene, and bromobenzene with some para-substituted 
aryl radicals, and of the proportions in which the ortho-, meta-, and para-isomers were 
formed in some of these reactions. These results supported the hypotheses that the para- 
substituents in the radicals conferred upon them a measure of electrophilic or nucleophilic 
character, dependent upon the polar properties of the substituents, and that the relative 
rates at which the radicals attacked the different nuclear positions in the substrates 
(partial rate factors) consequently became modified. Further results are now reported, 
which permit examination of the polar properties of the p-nitro- and #-methoxy-phenyl 
radicals in their competitive reactions with mixtures of nitrobenzene and benzene or 
chlorobenzene. In addition, since the modifications in the numerical values of the partial 
rate factors are generally rather small, it was considered desirable to subject to the most 
detailed examination a reaction between a radical and a substrate, both of which contain 
substituent groups of pronounced polar character, namely, the p-nitrophenyl radical and 
nitrobenzene. The ratio of isomers formed in this reaction has, therefore, also been 
determined. 


EXPERIMENTAL 


Reagents.—Solids were recrystallised to constant m. p. Benzene, chlorobenzene, and 
nitrobenzene were purified as described in Part II. NN-Dimethylformamide was dried (CaCl,) 
and fractionally distilled three times; the distillate (b. p. 151°) was stored in the dark under 
nitrogen. p-Nitrobenzoyl peroxide was prepared by Hey and Walker’s method ¢ (m. p. 155°), 
and p-methoxybenzoyl peroxide by Price, Kell, and Krebs’s method 5 (m. p. 127—128°). 

2,4’-Dinitrobiphenyl (m. p. 93°) was prepared by nitration of 2-nitrobiphenyl by Gull and 
Turner’s method.* The 2-nitrobiphenyl was prepared in two ways, namely, by nitration of 
biphenyl (cf. Bell, Kenyon, and Robinson ’) and by reaction of diazotised o-nitroaniline with 
benzene in the presence of sodium acetate using the procedure described by Elks, Haworth, 
and Hey.® The latter method was the more satisfactory. 

3,4’-Dinitrobiphenyl was prepared by nitration of 3-nitrobiphenyl, which was obtained 
from the reaction of m-nitrobenzoyl peroxide with benzene. m-Nitrobenzoyl peroxide (25 g., 
prepared by Hey and Walker’s method *) was heated with benzene under reflux for 24 hr. 
Excess of solvent was then removed by distillation, and the residue was heated under reflux 
with 2n-sodium hydroxide for 12 hr. The resulting mixture was extracted thoroughly with 
benzene, and the combined benzene extracts were dried (CaCl,). Excess of solvent was 


Part XVIII, preceding paper. 
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distilled off at atmospheric pressure, and the residue distilled in vacuo (b. p. 106°/0-05 mm.). 
Crystallisation from ethanol gave 3-nitrobiphenyl (12 g., m. p. 61°). The preparation of 
3,4’-dinitrobiphenyl by nitration of 3-nitrobiphenyl was first attempted with fuming nitric 
acid as described by Blakey and Scarborough.® This method, however, gave mainly 2,3’,4- 
trinitrobiphenyl, m. p. 137—138° (Found: N, 14-7. Calc. for C,,H,O,N;: N, 14:5%). Case 1° 
reported m. p. 137—138°. The following method was therefore used for the nitration. Fuming 
nitric acid (d 1-51) was added dropwise to a vigorously stirred suspension of 3-nitrobiphenyl 
in an excess of nitric acid (d 1-42) until the mixture became homogeneous. Stirring was 
continued until precipitation of the crude product of nitration, which began soon after the 
termination of the addition of fuming nitric acid, was complete. This solid product was 
filtered off, washed with water, and digested with methanol to remove 2,3’-dinitrobipheny]l. 
The suspension in boiling methanol was cooled to 0°, and the solid removed and repeatedly 
crystallised from aqueous acetic acid to give 3,4’-dinitrobiphenyl, m. p. 189°. 
4,4’-Dinitrobiphenyl (m. p. 233°) was prepared by nitration of biphenyl, by Schultz’s 


method." 
as lh PhNO, ; : , , 

Determination of PhH® for p-Nitrophenylation—Experiments 1 and 2 were carried out 
with p-nitrobenzoyl peroxide (6 g.) in an equimolar mixture (200 ml.) of benzene and nitro- 
benzene. The reactions were allowed to proceed in a thermostat at 80° for 72 hr. The mixed 
biaryls were isolated as described in Part II,* except that chromatography was unnessary, 
In the final distillation, fore-runs were collected, consisting of mixed fractions containing the 
last traces of nitrobenzene (the higher-boiling solvent) and the first traces of 4-nitrobiphenyl 
(the lowest-boiling binuclear product). The fore-runs were analysed by estimation of their 
content of nitro-group, and corrections in terms of nitrobiphenyl were applied to the yield and 
composition of the biaryl fractions. Fractions taken immediately before the fore-runs con- 
sisted entirely of nitrobenzene, showing that neither the fore-runs nor the biaryl fractions were 
contaminated with benzene, and that the whole of the 4-nitrobiphenyl formed was contained 
in the fore-runs and the biaryl fractions. The absence of dinitrobiphenyls from the fore-runs 
is inferred because they did not distil until a temperature considerably above that at which 
the fore-runs were collected had been reached. The biaryl fractions and the fore-runs were 
analysed for nitro-groups volumetrically by reduction with titanous chloride as described in 
Part II,* and the results were confirmed by catalytic hydrogenation at atmospheric pressure 
over Raney nickel. This confirmation was considered desirable in this instance, since errors 
in the volumetric analysis might have been caused by the low solubility of 4,4’-dinitrobiphenyl. 
In the event, however, the agreement between the two methods of analysis was excellent. A 
standard hydrogenator, in which the hydrogen reservoir was an ordinary gas-burette, was used, 
and reduction of nitro-groups was complete in about 1 hr. The method was exhaustively 
tested by analysis of mixtures of known composition, and it was shown that both nitrobenzene 
and nitrobiphenyls could be estimated in the presence of most other biaryls to an accuracy 
of +1%. The method could not, however, be used in the presence of halogenated biaryls, 
since some halogen was always removed by reduction. The results of some of these tests are 
given in Table 1. 


TABLE 1. Analysis of mixtures containing nitrobiaryls. 
Nitrobiphenyls (%) 


Mixture By hydrogenation By Ti** reduction 
2-, 3-, and 4-Nitrobiphenyl ................ssse00e. 100-3 100-0 
Nitrobiphenyls + t-butylbiphenyls ............ 86-6 86-8 
Nitrobiphenyls + isopropylbiphenyls ......... 66-7 66-6 
Nitrobiphenyls + dinitrobiphenyls ............ 53-0 54-0 


The results of Experiments 1 and 2 are given in Table 2. 


Determination of or for p-Methoxyphenylation.—Experiments 3 and 4 were carried 


out with p-methoxybenzoyl peroxide (6 g.) in an equimolar mixture (200 ml.) of benzene and 


® Blakey and Scarborough, J., 1927, 3005. 
0 Case, J. Amer. Chem. Soc., 1942, 64, 2225. 
1 Schultz, Annalen, 1874, 174, 221. 
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TABLE 2. 





Experiment 1 Experiment 2 





Biaryl fraction (g.) (b. p. 40—195°/0-l mm.) ...............4.. 2-967 3-017 
Dinitrobiphenyls in biaryl fraction (%) — .......sescceeeeereeeees 54-0 54-0 * 
Fore-run (g.) (b. p. 25-—40°/O-1 mm.) ..........ceceseeeeeseeeees 0-743 1-344 al 
DIY BR BOP UEE TIED cess sccsssccsecccpecsqecccscccsonsosess 100-0 98-9 as 
Nitrobiphenyls in fore-run (g.)  ..........sessecsceseesseceececerees 0-0 0-012 tk 
Corr. wt. of biaryl fraction (g.) .........cccccreccccsccccsecsvccoses 2-967 3-029 ‘ 
Dinitrobiphenyls, corr. (%) .........cssssseseeeseeseesecceeeeeceeeees 54-0 53-5 = 
eee riK for p-nitrophenylation ..........s:scssecesseeessseeessees 0-95 0-94 i; s 
Pree P-nltsobemnclc ahd (G.)  .....25....cccsecicccccssevcosesesccees 2-85 2-66 as be 
p-Nitrobenzoic acid from hydrolysis of esters (g.) ............ 0-25 0-26 3 
PLMIED.. .cxvvcnsvesedenqnvesideonuaquccstsoundecdoaienaepepuedpecnece 0-147 0-127 
(p-NOgCgHy'CO-O), accounted for (%) ......cccecesececseceeeeees 89-1 87-0 
Hence, PBNOg x for p-nitrophenylation = 0-94 
PhH 
nitrobenzene. The reactions were conducted, and the products isolated and analysed, as 
described above. The large difference in b. p. between the higher-boiling solvent and the 
lowest-boiling binuclear product rendered their separation by distillation relatively easy, and 
hence the fore-runs obtained in these experiments were found on analysis to consist of pure 
nitrobenzene. No corrections to the weight and composition of the biaryl fraction were there- 
fore necessary. The results are given in Table 3. 
TABLE 3. 
Experiment 3 Experiment 4 u 
Biaryl fraction (g.) (b. p. 40—130°/0-l mm.) .................5 1-720 1-752" e 
Nitrobiaryls in biaryl fraction (%) — .......ssssscceveseeeeeeeteees 78-3 78-5 
Fore-run (g.) (b. p. 25—40°/O0-1 mm.) ........csceseeseeeseeeeees 0-554 0-679 
PRPUORRORD TD BOMB, COD) 0 ines ccccccccsicncencssicccceccesc lint 100-0 100-0 
Methoxybiphenyls in fore-rum (g.) ............cessceseecersceeeees 0 0 
eS for p-methoxyphenylation ..............ccseeeeeeeees “ 2-91 2-93 
Free p-methoxybenzoic acid (g.)  ..........cecececescccscecccecees 3-21 3-37 
Free p-methoxybenzoic acid from hydrolysis of esters (g.)... 0-77 0-63 
PE EE sadintonscaseivcedgrashenqrommnanenseassangnesscnccesscocces 0-084 0-091 
(p-MeO-C,H,°CO-O), accounted for (%)  ........ccceeeceseeeeees 81-9 82-1 
Hence PBN sx for p-methoxyphenylation = 2-9 ir 
PhH : A 
ae PhNO ' . 
Determination of Phe for p-Nitrophenylation—Experiments 5 and 6 were carried f[ tl 
out with p-nitrobenzoyl peroxide (6 g.) in an equimolar mixture (200 ml.) of nitrobenzene and ® 
chlorobenzene. The reactions were conducted, and the biaryl fractions isolated, as described . 
above. The biaryl fractions were analysed for nitro-group content by titanous chloride © : 
reduction, and the fore-runs for chlorine by the micro-Carius method. The results are given P 
in Table 4. rn 
TABLE 4. 0 


Experiment 5 Experiment 6 

Biaryl fraction (g.) (b. p. 45—195°/0-1 mm.) ..............0085 3-112 3-491 
Dinitrobiphenyls in biaryl fraction (%) — ........ssseceeeseeeeees 45-4 45-1 
SPIT TIED shancsnsnendnubsitedponnsetistwesinessinecicucnacéeorencuaas 2-463 1-762 
Chloronitrobiphenyls in fore-rum (%)  ........scseseeseeeeeeeeees 3-51 9-05 
Chloronitrobiphenyls in fore-rum (g.) ............ccceceeeeeeeeeeees 0-087 0-159 
Se i SEIT cclnisepvesnsesecsnisvesccecsscsseove 3-199 3-650 
OE, GONE. CIC) cccccncccbabettcccdeccencsescasonedbetenes 44-1 43-2 
a SOE D-EATODMOMGFERRIOR, 0..00000cseysessvessccccccccccesceses 0-76 0-74 
INN BD dacisnninocnsnveescncsccosencovesseeseees 2:70 2-60 

-Nitrobenzoic acid from hydrolysis of esters (g.) .............+ 0-36 0-34 

EE &. sn0khisenpend sinintanscanndbenasabensesdedicdeciehustauinee 0-150 0-137 
(p-NO,°C,H,°CO-O), accounted for (%) .......sscsceceseeeeeeceees 88-2 91-4 


Hence ae for p-nitrophenylation = 0-75 
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Determination of were for p-Methoxyphenylation.—Experiments 7 and 8 were carried 
out with p-methoxybenzoyl peroxide (6 g.) in an equimolar mixture (200 ml.) of nitrobenzene 
and chlorobenzene. The reactions were conducted, and the products isolated and analysed, 
as described above for the determination of the rate-ratio for p-nitrophenylation, except that 
the chromatography stage was included in the working-up procedure. The results are given 
in Table 5. 

Determination of the Ratio of Isomers formed in the p-Nitrophenylation of Nitrobenzene.— 
In experiments 9 and 10, p-nitrobenzoyl peroxide (6 g.) was allowed to decompose in nitro- 
benzene (200 ml.) in a thermostat at 80° for 72 hr. The standard procedure (Part II *) was 


TABLE 5. 
Experiment 7 Experiment 8 








Biaryl fraction (g.) (b. p. 45—130°/0-1 mm.) 1-777 1-742 
Nitrobiaryls in biaryl fraction (%).............++ — 66-4 65-7 
Fore-run (g.) (b. p. 25—45°/0-1 mm.)  ..........ceceseeeeeeeeeees 0-481 0-711 
as Chloromethoxybiphenyls in fore-rum (g.) ..........ssseeeeeeeeees 0 0 
the ae for p-methoxyphenylation ..............sseseeeeseeeeees 1-96 1-91 
and Free p-methoxybenzoic acid (g.) ........sseseceeseeseeereeeeeeees 3-03 3-16 
ure p-Methoxybenzoic acid from hydrolysis of esters (g.) ......... 0-60 0-58 
>re- MAE GD nncakcnsciccesransccbresssossnsssvosssocsvcsssisacsschevesss 0-172 0-043 
’ (p-MeO-C,H,°CO-O), accounted for (%)  .......seeeeeeseceereees 80-5 82-5 
Hence a for p-methoxyphenylation = 1-9 
used for the isolation of the biaryl fractions, which were shown by analysis to contain no 
ed extraneous material. The yields of the various products obtained are given in Table 6. 
kK TABLE 6. 
i Experiment 9 Experiment 10 
y Biaryl fraction (g.) (b. p. 60—195°/0-l mm.) ............00006+ 3-041 2-972 
ie Free p-nitrobenzoic acid (g.) ........sssssssesnsceesecsceseeseecese 2-78 2-68 
p-Nitrobenzoic acid from hydrolysis of esters (g.) ............ 0-25 0-30 
Ee PD BEY | ick adk sn ii cidiccesottbecendecececssseietoubesleestcceeeiie 0-328 0-359 
(p-NOg’CgHy’CO-O), accounted for (%) sss. seeeeesereceeeeeee 84-6 83-2 
The mixtures of isomeric dinitrobiphenyls obtained from expts. 9 and 10 were analysed by 
infrared spectrography. The procedure described in Part XIV *® was used, except that 
NN-dimethylformamide was used as solvent instead of the more usual nitromethane, in which 
4,4’-dinitrobiphenyl is virtually insoluble. NN-Dimethylformamide is a suitable solvent for 
‘ied =f this analysis, since it has only one intense absorption band (at 870 cm.~) in the region 750— 
- 900 cm."!, in which the characteristic bands of the relevant biaryls occur, and this band does 
we not coincide with any of the characteristic biaryl bands used for the analysis, which were as 
ae Ot follows: 2,4’- 790 cm."}, 3,4’-dinitrobiphenyl 772 cm.+. The amount of 4,4’-dinitrobiphenyl 
vim present in the mixtures was obtained by difference. In order to check the accuracy of the 


analyses a synthetic mixture (S1) of known composition was made up and analysed. The 
composition of the two experimental mixtures, and their mean, together with the composition 
of Sl, as determined spectrographically, are given in Table 7. 
TABLE 7. Analysis of mixtures of dinitrobiphenyls. 
Composition of dinitrobiphenyls (%) 


Mixture 2,4’- 3,4’- 4,4’- 

© . wack las Re cach abeaabelabies 56-7 15-2 28-1 

a Se Ee as 58-3 15-2 26-5 

BE - sMhetRicconeisdeDindGiccccsestetiditeiassingians 57-5 15-2 27-3 

Oe CIN oe ceescgdeinsscessccsnchumipesatinsseny 59-0 10-7 30-3 

INI oc rscass ee paciotecosoenidensamenationmne 57-5 10-1 32-4 
DISCUSSION 
Relative Rates of Arylation.—The results are summarised in Table 8, which also includes, : 


for comparison, the relative rates of phenylation and #-chlorophenylation of these com- 
pounds, and the dipole moments of the compounds C,H,R from which the radicals 
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p-R’C,H, may be regarded as being derived by removal of a hydrogen atom from the 
para-position. This value may be taken as an indication of the polar character of the 
radicals, if it can be assumed that this is determined wholly or mainly by the permanent 
effects of the substituents. 
The results indicate that the f-nitro-, p-chloro-, and #-methoxy-pheny]l radicals are 
PhNO, K f 
Pho ™ 
electrophilic substitution have long been known to be less than unity. Moreover, the 
electrophilic character of these radicals varies in the order p-nitrophenyl > #-chloro- 
phenyl > p-methoxyphenyl, that is, in the order predicted by an examination of the 


slightly electrophilic in character, since the relative rates Ph and 


TABLE 8. Relative rates of arylation. 
PhNO,;, PhNO, 
Radical p-R’C,H, PhCl PhH Dipole moment of C,H,R (p) 
0-94 — 3-98 
1-53 * —1-55 
2-9 —1-23 
4-0 *t 0 
* Cadogan, Hey, and Williams. + Augood, Hey, and Williams.* 


dipole moments of the corresponding compounds C,H,R. It therefore appears that the 
polarisability (mainly electromeric) effects of chloro- and methoxy-substituents in the 
radicals do not influence the polar characteristics of the radicals to a large extent, certainly 
not sufficiently to upset the pattern established by the permanent polarisation induced by 
these substituents. It is not possible to draw this conclusion for the p-nitrophenyl radical 
since, in this instance, the permanent and time-variable effects of the nitro-group reinforce 
one another, both being in the direction of electron-withdrawal from the nucleus. Never- 
theless, the conclusion is probably a general one, and, indeed, is not entirely unexpected, 
since polarisability effects can only operate to the extent to which they are called into play 
by the electronic requirements of the reaction. In reactions of homolytic substitution 
the only entity which is involved other than the radical itself is the neutral molecule of the 
aromatic substrate, and this would not be expected to call polarisability effects into play 
to any marked degree. 

Rates of arylation of chlorobenzene compared with those of benzene may be derived 
ae = nie ae These are as follows: for 
p-nitrophenylation, 1-3; for p-chlorophenylation, 1-02; and for p-methoxyphenylation, 
1-5. It would, however, be unwise to base any argument concerning the polar character- 
istics of radicals on these values, since the differences displayed are very small, and the 
values themselves, being derived, are subject to rather larger errors than directly deter- 
mined values. 

Ratio of Isomers.—The ratio of isomers formed in the p-nitrophenylation of nitro- 
benzene is compared with the corresponding ratio for the phenylation of this compound 
in Table 9. The difference between the two ratios, though small, is outside experimental 


from the reported data, since 


TABLE 9. Arylation of nitrobenzene at 80°. 


Isomer (%) 
Radical 2- 3- 4- 
57-5 15-2 27-3 
9-8 27-7 


* Chang Shih, Hey, and Williams. 


error, at least for the percentage of the 3-isomer produced. The electrophilic p-nitro- 
phenyl radical appears to attack the least deactivated (meta-)position of nitrobenzene to a 


12 Waters, “‘ Physical Aspects of Organic Chemistry,” 4th edn., Routledge and Kegan Paul Ltd., 


London, 1950, p. 88. 
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greater extent than the phenyl radical, as would be expected. The observed small magni- 
tude of the effects of radical-polarisation on ratios of isomers has been predicted by 
Rondestvedt and Blanchard."* 

Similar conclusions can be drawn from a comparison of the partial rate factors for 
p-nitrophenylation of nitrobenzene (F, = 1-64, F,, = 0-43, Fp, = 1-56) with those for 
phenylation of this compound at 80° (F, = 7:5, Fm = 1-2, Fp = 6-6). The ratio F,,/F, 
could be expected to increase with increasing electrophilic character of the radical, if the 
directing group in the substrate is an electron-attracting group (ortho-positions are not 
considered in this argument because of possible steric complications). The values of this 
ratio, which for p-nitrophenylation of nitrobenzene is 0-275, and for phenylation of this 
compound is 0-182, are again in agreement with this prediction. 


Thanks are accorded to the Department of Scientific and Industrial Research for the award of 
a grant to J. K. H. 


Kinc’s COLLEGE (UNIVERSITY OF LONDON), 
STRAND, LONDON, W.C.2. [Received, February 23rd, 1960.} 


18 Rondestvedt and Blanchard, J. Org. Chem., 1956, 21, 229. 





752. Homolytic Aromatic Substitution. Part XX.* The 
Phenylation of Pyridine by Electrolysis. 


By P. J. Bunyan and D. H. Hey. 


The electrolysis of benzoic acid in pyridine has been re-investigated, 
and the proportions in which the three isomeric phenylpyridines are formed 
have been determined. The results obtained are consistent with the form- 
ation of phenyl radicals at the anode. 


It is well known that pyridine can be phenylated by a variety of reactions which are all 
considered to involve the participation of free phenyl radicals. Such reactions have been 
reviewed by Hey, Stirling, and Williams, who determined the proportions in which the 
three isomeric phenylpyridines are formed in five such reactions. Fichter and Stenzl 2 
have shown that the electrolysis of benzoic acid in pyridine solution containing diethyl- 
amine gives 4-phenylpyridine and possibly 2-phenylpyridine, together with small quantities 
of biphenyl-4-carboxylic acid, biphenyl, and benzene. On this evidence, together with 
the observation that the decomposition of benzoyl peroxide in a concentrated solution 
of benzoic acid in pyridine yields similar products, they concluded that benzoyl peroxide 
was formed at the anode during electrolysis. The presence of diacyl peroxides at the 
anode under special conditions and at low temperatures had been previously reported in 
the electrolysis of aliphatic acids. It has been shown recently, however, that the electro- 
lysis of salts of carboxylic acids probably proceeds by direct production of free radicals,‘ 
thus: 


on @ 
R°CO,~ ——» RCO," ——» R:+ CO, 


It is also well established that’ diaroyl peroxides decompose to give the same intermediates 
at somewhat higher temperatures than those normally used in the electrolyses: 


(R°CO 4). ——_> 2R°CO,° —P 2R: 4. 2CO, 





+ ‘ 


Part XIX, preceding paper. 


1 Hey, Stirling, and Williams, J., 1955, 3963. 

* Fichter and Stenzl, Helv. Chim. Acta, 1939, 22, 970. 

8 Fichter and Zumbrunn, Helv. Chim. Acta, 1927, 10, 869. 

* Lippincott and Wilson, J. Amer. Chem. Soc., 1956, 78, 4290. 
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Thus, the analogies drawn by Fichter and Stenzl ? have no significance other than that both 
reactions probably proceed by a common intermediate, namely, the phenyl radical. 

In the present work, the phenylation of pyridine by means of the electrolysis of benzoic 
acid has been re-investigated since, if it proceeds through the formation of a phenyl radical, 
it should yield all three isomeric phenylpyridines, in proportions comparable with those 
reported by Hey, Stirling, and Williams. Fichter and Stenzl * themselves isolated only 
4-phenylpyridine, which was characterised as the picrate, and possibly 2-phenylpyridine, 
although Dewar ® has erroneously stated that they isolated all three isomers. Fichter 
and Stenzl’s experiment 2 was repeated, but examination of the infrared spectrum of the 
basic fraction, from which some 4-phenylpyridine picrate was obtained, showed that it 
was considerably different from that of an uncontaminated mixture of the three isomeric 
phenylpyridines. This mixture was therefore not suitable for analysis by the ultraviolet 
spectrophotometric method used by Hey, Stirling, and Williams. It was further found 
that the basic fraction could not be readily purified, and that it was not quantitatively 
converted into a mixture of picrates. Only the very insoluble picrate of 4-phenylpyridine 
could be recovered from that portion which was so converted. It is considered that these 
complications arise mainly from the presence of the diethylamine as used by Fichter and 
Stenzl. Since some salt-forming reagent is necessary to achieve the correct degree of 
conductivity, and sodium methoxide leads to the formation of deposits on the anode; it 
was decided to repeat the electrolysis of benzoic acid in aqueous alkaline pyridine, at the 
same time using less concentrated solutions, in an attempt to make the electrolysis cleaner 
and its products less complex. Sandin and Brown” have already reported the phenylation 
of pyridine by the decomposition of diphenyliodonium chloride in aqueous alkaline 
pyridine, all three isomeric phenylpyridines being isolated. The infrared spectrum of the 
somewhat smaller basic fraction obtained under these new conditions also differed from 
that of an uncontaminated mixture of the three isomeric phenylpyridines in having two 
additional peaks (3165 and 1672 cm.“), but it was fourid that these could be introduced 
and accentuated by the addition of 2-pyridone to a mixture of phenylpyridines. It was 
estimated that the upper limit of the impurity was 10 moles %. In experiments witha 
mixture of isomeric phenylpyridines, it was found that 2-pyridone co-distilled with the 
phenylpyridines, and could not be removed from a chloroform solution by extraction with 
sodium hydroxide. It was, however, found that a mixture of phenylpyridines could be 
purified by chromatography on alumina, either directly or after formation of the picrates, 
but in both cases the isomer ratio of the mixture was altered during the operation. 
Separation of the isomeric phenylpyridines and 2-pyridone was, however, readily achieved 
by reaction of the latter with /-nitrobenzoyl chloride followed by distillation under 
reduced pressure. 

The isomer ratio of the purified basic fraction, determined*by ultraviolet spectroscopy, 
was in substantial agreement with the results reported by Hey, Stirling, and Williams for 
other homolytic phenylations, as shown in the Table. Further, the presence of all three 


Ratio of isomers obtained in the phenylation of pyridine. 


Isomers (% Isomers (%) 
Method 2- 3- 4- Method 2- 3- 4- 
Benzoyl peroxide ...... 54 32 14 Phenyl iodosobenzoate... 58 28 14 
Lead tetrabenzoate ...... 52 32-5 15-5 Misctrebyals  ......0...600 56 35 9 


isomers was demonstrated beyond doubt by conversion of the mixture of bases into the 
picrates, fractional crystallisation ® of which yielded each isomer as its pure picrate. Some 
biphenyl-4-carboxylic acid, but no biphenyl, was isolated from the electrolysis. The main 
product of the electrolysis is an amorphous polymer. 


5 Dewar, “‘ Electronic Theory of Organic Chemistry,”” Oxford Univ. Press, Oxford, 1952, p. 256. 
* Fichter and Meyer, Helv. Chim. Acta, 1934, 17, 535. 

7 Sandin and Brown, J]. Amer. Chem. Soc., 1947, 69, 2253. 

® Haworth, Heilbron, and Hey, J., 1940, 372. . 
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These results support the view that the electrolysis proceeds through the formation of 
benzoyloxy- and phenyl radicals as postulated in the radical theory for the Kolbe electro- 
synthesis. The 2-pyridone may be considered to arise by the action of benzoyloxy- 
radicals on pyridine to give 2-pyridyl benzoate, which could be hydrolysed to 2-pyridone 
by the sodium hydroxide used in the working up, or by the attack on pyridine by discharged 
hydroxyl ions from the water present in the electrolysis. 


EXPERIMENTAL 


Reagents.—Pyridine (Hopkin and Williams, “ AnalaR’”’) was redistilled over potassium 
hydroxide and collected at 114-5°. Benzoic acid (B.D.H., “‘ AnalaR ”’), m. p. 123°, was dried 
for 24 hr. at 70°. 

Electrolysis—Pyridine (44 ml.), benzoic acid (32 g., 0-26 mole) and 2-5N-aqueous sodium 
hydroxide (4 ml., 0-01 mole) were mixed at 70° and electrolysed between two smooth platinum 
anodes (5-5 x 1-3 cm.) surrounding a copper-coil cathode (2 mm. distant) in the cell illustrated 
in the Figure, which was suspended in a current of air (15—20°). Water was circulated through 
the cooling coil. A current of 1 amp. was maintained for 8 hr. by means of a 120 volt D.C. supply 
unit connected in series with a rheostat. The initial 
voltage drop across the electrodes (76 v) had to be slowly 
raised to 120 v during 6 hr. and water (1 ml.) was added et" 
at the sixth and the seventh hour to maintain the con- 
ductivity. Six such experiments were carried out, and 
the products combined in two sets of three (A and B). ‘_ 


we @ 


ra 8.19 
Standard joint 























Acidification of the ice-cold solution with 20% hydro- 
chloric acid gave an acid solution C, and a precipitate 
which was filtered off, washed with cold water, and re- 8.40 
fluxed with ether (200 ml.). The resulting suspension was a 
filtered, and the residue washed with ether (4 x 50 ml.), sender’ Joint 
and dried at 70°, to give a dark-brown amorphous powder 2s 
D (from A, 19-3 g.; from B, 18-8 g.). The ethereal |S) 
filtrate was extracted with 2N-aqueous sodium hydroxide 
(5 x 100 ml.), and the remaining neutral solution E was Water cooling 
washed and dried (MgSO,). Acidification of the alkaline coll 
extract with 20% hydrochloric acid gave a light-brown | Copper coi/ 
solid F, which was collected and dried im vacuo (CaCl,) cothode 
(from A, 60-2 g.; from B, 60-8 g.). Removal of the ether a 
from E left a brown liquid (ca. 0-5 g.). 

The acid F was digested in diluteammonia, treated with Platinum anodes 








aqueous barium chloride (81 g./200 ml.), and filtered in the 
cold. The residue was twice treated with water (250 ml.) 
and filtered hot. The filtrates were combined, acidified with 20% hydrochloric acid, filtered, and 
the solid recrystallised from aqueous alcohol (charcoal) to yield benzoic acid, m. p. and mixed 
m. p. 121—123° (from A, 57-2 g.; from B, 57-9g.)._ The residue from the hot filtration was boiled 
with 20% hydrochloric acid (30 ml.), filtered, washed, and dried (CaCl,). Extraction of the 
residue with boiling benzene (4 x 10 ml.) left a light-brown resinous acid similar in properties 
to D (from A, 1-25 g.; from B, 1-26 g.), while removal of the benzene, and recrystallisation from 
aqueous alcohol gave biphenyl-4-carboxylic acid in needles, m. p. and mixed m. p. 223—224° 
(from A, 0-05 g.; from B, 0-04 g.). 

The amorphous residue D- was insoluble in most non-basic organic solvents other than 
dimethylformamide and dimethyl sulphoxide, and was fractionally precipitated from pyridine 
by methanol. The middle fraction did not melt below 340° (Found: C, 66-2; H, 4:7; N, 3-2%). 
It was substantially unaffected by prolonged boiling with 10N-aqueous sodium hydroxide, 
concentrated alkaline potassium permanganate, and 70% sulphuric acid, whilst the infrared 
spectrum (Nujol mull) showed only two very weak bands (1748 and 1626 cm.~). 

Treatment of solution C with concentrated aqueous sodium hydroxide, extraction with 
ether, and removal of the ether and pyridine from the dried (MgSO,) extract, left a brown oil 
which distilled at 64°/0-03 mm., to give a pale green oil (from A, 0-61 g.; from B, 0-60 g.), which 
partly solidified. The residue weighed (from A) 0-31 g., and (from B) 0-27 g. These fractions 
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in chloroform (25 ml.) were boiled under reflux for 1 hr. with p-nitrobenzoyl chloride (0-6 g.), 
most of the excess then being removed by shaking with saturated sodium hydrogen carbonate 
solution (50 ml.) for several hours. Removal of the chloroform from the dried solution (MgSO,) 
and subsequent distillation gave a pale green oil, b. p. 140—144°/12 mm. (from A, 0-67 g.; from 
B, 0-65 g.) and left a small residual yellow oil (ca. 0-05 g.), which only distilled at 0-03 mm. with 
bath-temp. 180°. The main fraction was redissolved in chloroform (25 ml.) and boiled under 
reflux with 2N-aqueous sodium hydroxide (3 x 50 ml.), the chloroform solution being washed 
with water between each operation. The dried (MgSO,) solution was finally redistilled to yield 
the mixed phenylpyridines as an almost colourless oil (from A, 0-47 g.; from B, 0-42 g.), b. p. 
72°/0-05 mm. (Found: N, 9-1. Calc. for C,,H,N: N, 9-05%). 

The isomer ratio of the mixture of phenylpyridines in this fraction was determined by ultra- 
violet spectrophotometry with the aid of a ‘‘ Unicam S.P. 500”’ quartz spectrometer. The 
solvent was ethanol. The calibration spectra of each of the pure isomers used in the calculation 
were those recorded by Stirling,® using isomers obtained from the pure picrates. The extinction 
coefficients from the duplicate reactions differed only slightly from one another, and a mean 
value was used in the calculations. The composition of the mixture thus obtained was 2-, 56%; 
3-, 35%; 4-, 9% (+ 2%). 

The phenylpyridine fractions (from A and B) were finally combined and converted into the 
picrates, fractional crystallisation of which yielded the three pure picrates,§ m. p.’s 174—175°, 
155—158°, and 196—197° respectively, which were characterised by mixed m. p.’s with 
authentic specimens. 


Thanks are accorded to the Department of Scientific and Industrial Research for the award 
of a Research Studentship (to P. J. B.). 


Kinc’s CoLLEGE (UNIVERSITY OF LONDON), 
STRAND, Lonpon, W.C.2. (Received, February 23rd, 1960.) 


® Stirling, Ph.D. Thesis, London, 1955. 


753. Steric Effects in Di- and Tri-arylmethanes. Part II.*  Elec- 
tronic Absorption Spectra of Derivatives of Michler’s Hydrol Blue, 
Malachite Green, and Crystal Violet containing Hindered Dimethyl- 
amino-groups. 

By C. C. BARKER, G. HALLAs, and A. STAMP. 





Steric inhibition of the mesomerism of all or any of the dimethylamino- 
groups in Crystal Violet (I; all R’s = H) causes bathochromic shifts of the 
first frequency absorption band, whereas inhibition of the mesomerism of all 
of these groups in Malachite Green (II; all R’s = H) and Michler’s Hydrol 
Blue (III; all R’s = H) causes small and moderate hypsochromic shifts, 
respectively. Inhibition of the mesomerism of one only of the dimethyl- 
amino-groups in Malachite Green or Michler’s Hydrol Blue causes batho- 
chromic shifts of the first frequency band. 


ALTHOUGH spectral changes brought about by introducing ortho-substituents into di- 
methylaniline have been studied extensively,!* a comparable study of the spectra of 
charge-resonance dyes containing hindered dimethylamino-groups has not hitherto been 
made. In fact, few dyes of this type have been described, probably because many of 
the normal methods of preparation fail when attempts are made to utilise ortho-derivatives 
of dimethylaniline in which mesomerism is sterically inhibited. Seel and Suchanek ¢ claim 
that the first frequency absorption band of the 3,5-dimethyl derivative of Crystal Violet 


Part I, J., 1959, 3957. 


* 
1 Remington, J. Amer. Chem. Soc., 1945, 67, 1838. 

2 Klevens and Platt, J. Amer. Chem. Soc., 1949, 71, 1714. 
3 Wepster, Rec. Trav. chim., 1957, 76, 357. 

* Seel and Suchanek, Chem. Ber., 1950, 83, 438. 
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(I; = R! = R? = R? = R‘ = H, R® = R® = Me) shows only a slight hypsochromic shift 
(about 4 my +) when compared with the first frequency band of the parent dye, although 
Emax, is reduced from 111,000 to 61,000, and Kiprianov and Ushenko ° claim a hypsochromic 
shift of approximately 13 my f for the first frequency band of the 3,3’,3’’-trimethyl 
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derivative (I; R! = R® = R5 = Me, R? = R* = R® = H), emax. falling to 13,050 relative 
to a value of 70,000 quoted for Crystal Violet. Also, Chalkey ® reports that the 3’,3’’-di- 
acetoxymercuri-derivative of Malachite Green (II; R! = R® = AcOHg, R? = R* = H) 
absorbs more weakly than the parent dye. 

Spectral changes caused by the steric effect of substituents (R) in the dyes (I, II, and 
III) are superimposed upon changes caused by the purely electronic effect of these 
substituents, and an early molecular-orbital treatment 7 led to the prediction that electron- 
withdrawing (+) substituents in the meta-position should cause a bathochromic shift of 
the first frequency band. This prediction was supported by the increase of max, from 
608-4 to 658 my observed on passing from Methylene Blue to Methylene Green (IV), but 
results given in the present paper make it probable that this bathochromic shift should be 
ascribed to enforced rotation of the hindered dimethylamino-group, and a later theoretical 
treatment § ascribes a hypsochromic effect to +E meta-substituents. The same theoretical 
treatments ascribe a bathochromic effect to —E meta-substituents and this effect is con- 
firmed by the shift observed on passing from pararosaniline (Amax. 546 mu) to its 
3,5,3’,5’,3’,5’’-hexamethy] derivative (Amax, 558 my),® and also by the shifts now observed 
on passing from the colour salt of #p’-diaminodiphenylmethanol (Amax, 560-5 my) to its 
3,3’-dimethyl and 3,5,3’,5’-tetramethyl derivative (Amax, 563 and 571 my, respectively). 
These small spectral shifts cannot be confused with the shifts caused by enforced rotation 
of terminal dimethylamino-groups. 

Hindered conjugation between terminal dimethylamino-groups and the aryl rings also 
reduces the stability of the univalent dye cation, which in acid solution is in equilibrium 
with protonated dye base or with protonated dye cations, so that in most cases the true 
value of the molecular extinction coefficient is unobtainable. 


+ Estimated from absorption curves. 


5 Kiprianov and Ushenko, Izvest. Akad. Nauk S.S.S.R., Otdel. khim. Nauk, 1950, 494. 

* Chalkey, J. Amer. Chem. Soc., 1941, 68, 981. 

7 Dewar, J., 1950, 2329. 

® Dewar, ‘‘ Recent Advances in the Chemistry of Colouring Matters,’’ Chemical Soc. Special Publ., 
No. 4, 1956, p. 79. 
* Scanlan, J. Amer. Chem. Soc., 1935, 57, 889; 1936, 58, 1427. 
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The 3,3’-dimethyl derivative of Michler’s Hydrol in 98% acetic acid is partially con- 
verted into the dye cation (III; R! = R* = Me, R? = R‘ = H), the first frequency band 
of which shows a hypsochromic shift of 23-5 my relative to that of the parent dye (Table 1), 
but the corresponding 3,5,3’,5’-tetramethyl derivative in 98°, acetic acid or in ethanolic 
hydrogen chloride is colourless and in the latter solvent its ultraviolet absorption spectrum 
is closely similar to that of bis-(3,5-dimethyl-4-dimethylaminophenyl)methane hydro- 
chloride in ethanol; formation of the dye cation is completely inhibited. On the other 
hand, the 3’,5’,3’’,5’’-tetramethyl derivative of Malachite Green (II; all R’s = Me) is 
formed to a limited extent from the dye base in acetic acid, and the first frequency band 
shows a hypsochromic shift of 5 my (Table 1) when compared with the corresponding band 
of Malachite Green, a shift that is reduced to 4 my in the 3’,3’-dimethyl derivative (II; 
R! = R® = Me, R? = R*= H). In both these derivatives of Malachite Green the second 


TABLE 1. Absorption maxima of m-methyl derivatives of Malachite Green and 
Michler’s Hydrol Blue in 98°%, acetic acid. 
Absorption maxima 


Absorption maxima (my) and (my) and 10*¢ 
Substituent 10 ¢ (in parentheses) Substituent (in parentheses) 
Michler’s Hydrol 
Malachite Green Blue 
OE kasastcsccscccaniescesh 621 (10-4); 427-5 (2-0) an 607-5 (14-75) 
eee ee 627-5 (6-3); 436 (1-6) 3-Methy]l ......... 602-5 ( 0-06) 
3’,5’-Dimethyl ............ 630 (1-8); 452-5 (1-2) 3,3’-Dimethyl ... 584 (0-03) 
3’,3’’-Dimethyl ............ 617 (1-1); 430 (0-4) 


3’,5’,3’,5’’-Tetramethyl 616 (0-015); 446 (0-011) 


frequency absorption band—the y-band which corresponds ” to polarisation along the 
y-axis of the molecule (II)—occurs at longer wavelength than the second frequency band 
of the parent dye. Also, the ratio ¢maxgpn)/€maxcrrB) is increased relative to this ratio for 
Malachite Green, and these changes can be correlated with the increased electronic sym- 
metry along the y-axis consequent upon displacement of charge from the terminal nitrogen 
atoms. 

Thus, m-methyl groups adjacent to the dimethylamino-groups of Michler’s Hydrol Blue 
and Malachite Green produce large and small hypsochromic shifts of the first frequency 
bands, respectively. In contrast, m-methyl groups in Crystal Violet produce bathochromic 
shifts of the first frequency band. The parent dye in 98% acetic acid gives rise to a single 
absorption band (Amax, 589 my; ¢ 117,000) in the visible region,™ but its 3-methyl derivative 
(I; R! = R? = R* = R5 = R¢* = H, R® = Me) in pure acetic acid gives a first frequency 
band (Amax, 599-5 mu) which extends weakly into the region 400—450 my (Fig. 1), and the 
absorption in this region is probably caused by the bivalent cation (V; all R’s = H). This 
absorption increases as the acidity is increased by addition of water to the acetic acid, 
and at the same time the first frequency band moves to a longer wavelength while its 
intensity moves through a minimum value (Fig. 1; Table 2). The absorption parameters 
obtained with the dye in 75% acetic acid are close to those of the dye in 
6 x 10°m-hydrogen chloride in 98% acetic acid and probably correspond to those of the 
bivalent cation, the bathochromic and hypsochromic shifts of the first and the second 
frequency band, respectively, relative to the corresponding bands of the 3-methyl deriv- 
ative of Malachite Green ! (Amx 619; 433 mu) being consistent with the electron-with- 
drawing effect of a protonated dimethylamino-group. The closest approach to the 
spectrum of the univalent dye cation was obtained with a 10m-solution of the dye base in 
2 x 10°m-ethanolic hydrogen chloride (Fig. 2), absorption in the region 400—450 mu then 

10 Lewis and Bigeleisen, J. Amer. Chem. Soc., 1943, 65, 2102. 

11 Barker, ‘‘ Steric Effects in Conjugated Systems,” ed. G. W. Gray, Butterworths, London, 1958, 


p. 35. 
18 Ref. 11, p. 39. 
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being a minimum. The lower absorption intensity obtained with 10°m-hydrogen chloride 

(Table 2) indicates the presence of protonated forms of the ethyl ether of the dye base. 
The spectra of the 3,5-dimethyl derivative of Crystal Violet (I; R! = R? = R§ = Ré, 

R® = R® = Me) in aqueous acetic acid or ethanolic hydrogen chloride closely resemble the 


TABLE 2. Absorption maxima of 10°m-solutions of m-methyl derivatives of 
Crystal Violet. 
(Crystal Violet: Amax, 589 my, ¢ 117,000.) 
Absorption max. (my) and 10~ c (in parentheses) 





Solvent 3-Methyl derivative 3,5-Dimethyl derivative 

BO Ac (10OM%)  sccssseccocsccccceccccssdeccsves 599-5 (9-8) 608-5 (10-0) 

BRAG GED pn ncncsensecciccrocsnsescspoassinees 599-5 (9-5) 610-5 (9-6); 430 (0-8) 

OIA Gah oesnac vndceciacense cicceudedoassee 601 (8-9); 430 (0-7) — 

RR A 605 (7-5); 427-5 (1-0) 623-5 (8-5); 427 (1-3) 

NR aa 632-5 (8-7); 425-5 (1-5) 633 (9-2); 426 (1-6) 

PCN BIE su cnseavecnsecvessccannscssecssesaes 632-5 (9-1); 425-5 (1-6) 633 = (9-2); 426 (1-6) 

| ee ee oe 632-5 (9-1); 425-5 (1-6) — 

5 x 10°5m-HCl in HOAc (98%) ............ —- 629 (91); 427 (1-6) 

6 x 10°m-HCl in HOAc (98%) ........+4+. 629 (9-0); 426 (1-6) — 

10°°-HCl in HAOE ............050.05. 600 (9-5) 610 (6-9) 

2 x 10°m-HCl in EtOH 600 (10-3) 610 (10-2) 

Feo | | Pt ee 600 (10-3) -- 

3,5,3’,5’-Tetramethyl 

3,3’-Dimethyl derivative derivative : 

Us CII ii ii cikieicicccieneeicpitctinde 607-5 (7-7) 618 (5-3) 

ON a ea ae 607-5 (7-8) 618 (4-9) 

I i ciacnctthcecrrintaectinenseeteh _ 621 (1-4); 445 (0-6) 

PE IEEE eidadysccisccisncesecordendatencnnes 616 (3-5); 435-5 (0-7) 621 (2-6); 455 (0-8) 

NG Fe kvncietavodaccsinesvdincsece 635 (2-4); 435 (0-7) — 


4 x 10°°m-HCl in HOAc (98%) 


ma _ 621 (2-6); 450 (0-9) 
x 10°°m-HCl in HOAc (98%) .... Pe 


614 (4-4); 435 = (0-9) 





7 x 10°m-HCl in HOAc (98%) 635 (2-1); 435 (0-8) — 
Pe eS: een errr 606-5 (8-9) 614 (4-8) 
3,5,3’,5’,3’,5”-Hexa- 
3,3’,3’’-Trimethyl derivative methyl derivative 
PIR (IRI). nivcresusiccnssinsesescescononsie 615. (1-7) 650 (0-3)¢ 
PINE CPA, cn ctnevcneseseseccsccescscesensass 615 = (1-3) 
3 x 10°%-HCl in EtOH. ...........ccccsceese 615 = (5-0) 


* 2 x 10-‘m-solution. 


corresponding spectra of the 3-methyl derivative, but in pure acetic acid Amax. is increased 
to 608-5 my and absorption in the region 400—450 mz is a little more intense, and in 98% 
acetic acid a well-marked band (Amax, 430 my, ¢ 8000) is already present (Table 2), which 
suggests easier protonation of the more hindered dimethylamino-group of the 3,5- 
derivative. The spectrum of the bivalent cation (V; R! = R? = R* = R5 = H, R® = Me) 
is almost identical with the spectrum of the bivalent ion from the 3-methyl derivative and 
is first obtained under slightly less acid conditions than is that of the latter ion (Table 2). 
Again, a close approach to the spectrum of the univalent cation is obtained with the dye 
in ethanolic hydrogen chloride (Fig. 2), and it is clear that the hindered dimethylamino- 
group participates effectively in the charge resonance and that the observed bathochromic 
shift is not caused by the presence of bivalent ion. This result, which was obtained by 
utilising the pure dye base, differs from that recorded by Seel and Suchanek # who used the 
dye perchlorate and, as perchlorates are not suitable for purification, it is assumed that 
the latter compound was impure. 

The dye cations of the 3-methyl and the 3,5-dimethyl derivative of Crystal Violet are 
stabilised by resonance involving two unhindered dimethylamino-groups, so that con- 
version of the dye base into dye should be essentially complete; this is not true of the other 
derivatives of Crystal Violet discussed in this paper. 
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The 3,3’-dimethyl derivative of Crystal Violet (I; R! = R? = R4= R®°=H, R= 
R® = Me) in pure acetic acid also shows an intense first frequency band (Amax, 607-5 my) 
with an incipient band in the region 400—450 my (Fig. 3). In progressively more dilute 
acetic acid, this incipient band becomes more clearly defined and the first frequency band 
moves to a longer wavelength and becomes less intense until in 85% acetic acid (Fig. 3), or 


Fic. 2. Absorption spectra of the (1) 3- 
methyl, (2) 3,5-dimethyl, (3) 3,3’-di- 
methyl, (4) 3,5,3’,5’-tetramethyl, (5) 
3,3’,3’’-tvimethyl derivative of Crystal 
Violet in ethanolic hydrogen chloride. 



























Fic. 1. Absorption spectra of the 3-methyl of 
derivative of Crystal Violet in acetic acid 
containing (1) 0%, (2) 10%, (3) 20% of 4r 
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in 7 x 10°m-hydrogen chloride in 98% acetic acid, it is probably the first frequency band 
of the bivalent cation (V; R! = R*? = R? = R5 = H, R* = Me). Under these conditions, 
however, the low value (3-4) of the ratio emaxiprp)/emaxcsrs) Suggests that the second 
frequency band consists of the y-band of the bivalent cation superimposed on the first 
frequency band of the tervalent cation (VI; R! = R? = R? = R5 =H, R*= Me); the 
first frequency band of the analogous NN-dimethylfuchsoniminium ion 1% (VII) in acetic 
acid has Amex. 465-5 my (¢ 33,000). The absence of an incipient band at 400—450 my in 


#8 Branch and Walba, J. Amer. Chem. Soc., 1951, 73, 3341. 
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the first frequency band of the 3,3’-dimethyl derivative of Crystal Violet in ethanolic hydro- 
gen chloride (Fig. 2) shows that the observed bathochromic shift is characteristic of the 
univalent cation. 

The spectra of the 3,5,3’,5’-tetramethyl derivative of Crystal Violet (I; R' = R? = H, 
R? = R* = R® = R* = Me) in solvents of different acidity are similar to those of the 
3,3’-dimethyl derivative, but the highly hindered nature of two of the nitrogen atoms in 
the tetramethy] derivative reduces further the stability of the bivalent cation (V; R! = 
R? = H, R? = R* = R5 = Me) relative to that of the tervalent cation (VI; R! = R? = 
H, R? = R* = R® = Me), and the first frequency band shows a bathochromic shift of 
only 3 my when the solvent is changed from pure acetic acid to 90% acetic acid or to 
4 x 10°°m-hydrogen chloride in 98% acetic acid. An unequivocal interpretation of the 
spectra is not possible, but it is probable that the spectrum of the dye in ethanolic 
hydrogen chloride (Fig. 2) is produced mainly by the univalent ion together with some 
tervalent ion, and that the effect of the bivalent ion on the position of the first frequency 
band is unimportant. Attempts to isolate the spectrum of the tervalent ion by using 
solutions of higher acidity were frustrated by the rapidity with which their colour faded. 

The first frequency band of the 3,3’,3’’-trimethyl derivative of Crystal Violet (I; R! = 
R3 = R5 = H, R? = R* = R® = Me) in ethanolic hydrogen chloride also occurs at longer 
wavelength than the corresponding band of the parent dye and shows little sign of a 
second frequency band in the region 400—450 my. (Fig. 2); this region remains free from a 
second band when the solvent is changed to 100% or 98% acetic acid, although the 
absorption intensity of the main band is reduces (Table 2). Presumably the absence of 
unhindered dimethylamino-groups reduces the stability of the bivalent cation (V; R! = 
R? = R4é=H, R? = R5= Me) and the tervalent cation (VI; R!= R?= R4*=H, 
R? = R® = Me) so that increased acidity favours the formation of the triprotonated cation 
(VIII); in concentrated sulphuric acid, Crystal Violet forms an analogous ion (IX). The 
use of hydrogen chloride in 98% acetic acid, or of acetic acid containing more than 2% of 
water, as solvent gave solutions the colour of which faded rapidly. 

The spectrum of the 3,5,3’,5’,3’,5”-hexamethyl derivative of Crystal Violet (I; all 
R’s = Me) could only be observed in pure acetic acid (Fig. 3): addition of water or 
hydrogen chloride to the solution produced rapid fading of the colour, and fading also 
occurred in ethanolic hydrogen chloride. The first frequency band (Amax. 650 my) must, 
however, be attributed to the univalent cation, because of the absence of a second frequency 
band in the region 400—450 mu. 

It is thus established that, whereas steric inhibition of the mesomerism of both of the 
dimethylamino-groups of Michler’s Hydrol Blue or Malachite Green results in a hypso- 
chromic shift of the first frequency band, inhibition of the mesomerism of any of the 
dimethylamino-groups of Crystal Violet produces a bathochromic shift. These different 
responses to crowding substituents have been discussed qualitatively in terms of molecular- 
orbital theory by Dewar.45 

Steric hindrance of one only of the dimethylamino-groups of Michler’s Hydrol Blue or 
Malachite Green produces a different spectral response from that produced when both of 
these groups are hindered. Thus, the first frequency bands of the 3’-methyl and the 
3’,5’-dimethyl derivative of Malachite Green (II; R! = Me, R? = R?= R4*=H; and 
R! = R* = Me, R* = R‘ = H, respectively) show bathochromic shifts of 6-5 my and 9 my, 
respectively, when compared with the first frequency band of the parent dye, whereas the 
corresponding bands of the 3’,3’’-dimethyl and the 3’,5’,3’’,5’’-tetramethyl derivative show 
hypsochromic shifts of 4 my and 5 my, respectively (Table 1). Electronically the last two 
dyes are symmetrical whereas the 3’-methyl and 3’,5’-dimethyl compounds are unsym- 
metrical, charge tending to be localised on the unhindered dimethylamino-group, and it may 

M4 Branch and Walba, J. Amer. Chem. Soc., 1954, 76, 1564. 


a Dewar, “‘ Steric Effects in Conjugated Systems,” ed. G. W. Gray, Butterworths, London, 1958, 
p. 60. 
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be recalled that crowding substituents which cause the nuclei of heterocyclic cyanines to 
depart from coplanarity produce spectral shifts which vary with the degree of electronic 
symmetry of the cyanine. Considerable departure from electronic symmetry in a hetero- 
cyclic cyanine produces a hypsochromic deviation,’® whereas these electronically unsym- 
metrical derivatives of Malachite Green are novel in that they show a significant batho- 
chromic deviation. Similarly, the hypsochromic shift of 23-5 my produced by the two 


Me, eOL. Oe me oO" 
~O-SO3H Me 
ou <) 
Me 


(VIL) *NHMe, (IX) *NHMe, 


MeHN NHMe Cil__NHR 
2 2 


(X1) RHN Cl (XII) 


methyl groups of the 3,3’-dimethyl derivative of Michler’s Hydrol Blue is reduced to a 
hypsochromic shift of 5 my in the 3-methyl derivative which again shows a bathochromic 
deviation. It is probable that the bathochromic shift ? caused by the nitro-group in the 
dye (IV) is another example of this effect. 

Steric hindrance of a single dimethylamino-group in Malachite Green also causes 
a bathochromic shift of the second frequency band and an increase in the ratio 
€max(SFB)/€maxrrBy but the second frequency band may well be composed of the y-band of 
the univalent cation superimposed upon the first frequency band of the bivalent cation 
formed by protonation of the hindered dimethylamino-group. 

Preparations.—The hindered nature of the dimethylamino-groups in these dyes usually 
prevents the formation of the dye from the leuco-compounds by oxidation, so that sym- 
metrical derivatives of Michler’s Hydrol were prepared by reduction of the corresponding 
ketones, and the derivatives of Malachite Green and Crystal Violet were prepared by the 
interaction of an aryl-lithium compound with a ketone or ester. Thus, 4,4’-bisdimethyl- 
amino-3 ,3’-dimethyldiphenylmethane (X; R! = Me, R? = H) is not oxidised satisfactorily 
to the Hydrol by lead dioxide in acid solution, neither is it oxidised to the corresponding 
ketone by means of chloranil in boiling ethanol. This ketone was obtained as a gum by 
methylation of 4,4’-diamino-3,3’-dimethylbenzophenone with trimethyl phosphate, the 
diacetyl derivative of the latter ketone being prepared in 79% yield by oxidation of 4,4’-di- 
acetamido-3,3’-dimethyldiphenylmethane with chromic oxide at room temperature; ” 
oxidation in boiling acetic acid gave none of the required product. The methylated ketone 
gave a crystalline picrate, m. p. 185—186°, which was identical with the picrate of the 
ketone obtained by slow carbonylation of 4-dimethylamino-3-methylphenyl-lithium, but 
regeneration of the ketone from the picrate did not give crystalline material. Reduction 
of the ketone with sodium amalgam gave the 3,3’-dimethyl derivative of Michler’s Hydrol 
as a gum which did not give crystalline derivatives with perchloric acid, picric acid, or 
2,4,7-trinitrofluorenone, whereas Michler’s Hydrol forms a very stable complex with the 
last reagent. This lack of crystallinity was also encountered in all the m-methyl 
derivatives of Malachite Green and is probably to be attributed to their non-planar 
molecular conformations. 


16 Brooker and his co-workers, J. Amer. Chem. Soc., 1945, 67, 1869, 1875, 1889. 
17 Vongerichten and Bock, Z. Farben- und Textilchemie, 1903, 11, 250. 
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Rassow and Reuter }* claim to have obtained 4,4’-bisdimethylamino-3,3’-dimethyl- 
benzophenone as crystals, m. p. 85°, by methylation of 4,4’-dimethylamino-3,3’-dimethyl- 
benzophenone, m. p. 81°. However, conversion of the unhindered methylamino-group into 
the hindered dimethylamino-group should lower the melting point and it is likely that 
Rassow and Reuter were dealing with purified starting material, in which case the hydroxy- 
compound, m. p. 76°, which these authors obtained by reduction of their ketone should 
have been identical with the partially methylated hydroxy-compound (X; R! = H, R? = 
OH), m. p. 160°, described by Gnehm and Wright. The last melting point is 
unexpectedly high (cf. Michler’s Hydrol, m. p. 103°, and its 3,5,3’,5’-tetramethyl deriv- 
ative, m. p. 106°) and may well be that of the ether (XI). 

The crystalline 3,5,3’,5’-tetramethyl derivative of Michler’s Hydrol was obtained by 
reduction of the ketone obtained by methylation of 4,4’-diamino-3,5,3’,5’-tetramethyl- 
benzophenone. The latter ketone was readily obtained by oxidising the corresponding 
derivative of diphenylmethane with chloranil, the normal interaction of chloranil with a 
primary aromatic amine to give a diarylaminodichlorobenzoquinone (XII) being prevented 
by steric hindrance of the amino-groups. The crystalline 3-methyl derivative of Michler’s 
Hydrol was obtained by reduction of the ketone obtained by the interaction of 4-dimethyl- 
amino-3-methylphenyl-lithium with p-dimethylaminobenzonitrile followed by hydrolysis 
of the product. 

The 3’-methyl, 3,3’’-dimethyl, and 3’,5’,3’,5’-tetramethyl derivatives of Malachite 
Green base were obtained by interaction of the corresponding derivatives of Michler’s 
ketone with phenyl-lithium. The 3’,5’-dimethyl derivative of Malachite Green base was 
obtained from ~-dimethylaminobenzophenone and 4-dimethylamino-3,5-dimethylphenyl- 
lithium. None of these compounds crystallised, but the spectra of their colour salts 
showed no sign of coloured impurities. 

The 3-methyl and the 3,5-dimethyl derivative of Crystal Violet base were obtained by 
the interaction of Michler’s ketone with 4-dimethylamino-3-methyl- and 2-dimethyl- 
amino-3,5-dimethyl-phenyl-lithium, respectively. In view of the difference between the 
spectrum of the 3,5-dimethyl derivative of Crystal Violet obtained via the aryl-lithium 
compound and the spectrum of the perchlorate of the dye obtained by Seel and Suchanek,* 
the 3,5-dimethyl derivative was also prepared by Seel and Suchanek’s method—4-amino- 
4’ 4’’-bisdimethylamino-3,5-dimethyltriphenylmethane (from Michler’s Hydrol and vic-m- 
xylidine) was methylated and the product was oxidised to the required dye with ethanolic 
chloranil. The dye was purified as the methyl ether of the dye base and then gave a 
spectrum identical with that of the dye obtained via the aryl-lithium compound. Methyl- 
ation of the leuco-compound by means of paraformaldehyde and formic acid advantageously 
replaced methylation with dimethyl sulphate which gave a quaternary ammonium salt 
requiring decomposition with sodium ethoxide. 

The 3,3’-dimethyl and the 3,3’,3’’-trimethyl derivative of Crystal Violet were prepared 
from 4-dimethylamino-3-methylphenyl-lithium with ethyl -dimethylaminobenzoate and 
ethyl chloroformate, respectively, and the 3,5,3’,5’-tetramethyl and the 3,5,3’,5’,3",5”- 
hexamethyl derivative were prepared from 4,4’-bisdimethylamino-3,5,3’ ,5’-tetramethyl- 
benzophenone with #-dimethylaminophenyl-lithium and 4-dimethylamino-3,5-dimethyl- 
phenyl-lithium, respectively. Preparation of the trimethyl derivative from chloropicrin 
and NN-dimethyl-o-toluidine 5 could not be repeated. All the dye bases of the m-methyl 
derivatives of Crystal Violet were crystalline. 


EXPERIMENTAL 
4,4’-Bisdimethylamino-3-methylbenzophenone.—An ethereal solution of 4-dimethylamino-3- 
methylphenyl-lithium, prepared from 5-bromo-2-dimethylaminotoluene (14 g.) in an atmosphere 


*® Rassow and Reuter, J. praki. Chem., 1912, 85, 503. 
* Gnehm and Wright, Ber., 1902, 35, 913. 
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of nitrogen, was filtered into p-dimethylaminobenzonitrile (9-5 g.) in ether (50 c.c.), and the 
mixture was stirred and heated under reflux for 1 hr. The cooled solution was extracted with 
5n-hydrochloric acid (75 c.c.), and the aqueous extract was boiled for 7 hr., cooled, basified 
with sodium hydroxide, and then steam-distilled. The tarry residue was eluted with benzene 
(300 c.c.) from a column of activated alumina (200 x 20 cm.), thereby yielding a yellow gum 
which, crystallised twice from ethanol, gave pale-yellow 4,4’-bisdimethylamino-3-methylbenzo- 
phenone (12-2 g.), m. p. 76—77° (Found: C, 76-9; N, 7-8; N, 9-8. C,,H,,ON, requires C, 76-6; 
H, 7-9; N, 9-9%). 

4,4’-Bisdimethylamino-3-methyldiphenylmethanol.—A mixture of 4,4’-bisdimethylamino-3- 
methylbenzophenone (1-4 g.), 3% sodium amalgam (8 g.), and ethanol (50 c.c.) was stirred 
vigorously and heated under reflux for 2hr. The mixture was poured into water (200 c.c.), and 
the precipitated product was twice crystallised from light petroleum (b. p. 60—80°) to give 
colourless 4,4’-bisdimethylamino-3-methyldiphenylmethanol (1-2 g.), m. p. 87—88° (Found: C, 
75°8; H, 83; N, 10-0. C,,H,,ON, requires C, 76-0; H, 8-5; N, 9-9%). This method of 
reduction was used as a standard procedure in the preparation of similar derivatives of diphenyl- 
methanol. 

4,4’- Diamino-3,3’-dimethyldiphenylmethanol.—4,4’ - Diamino - 3,3’ - dimethyldiphenylmethane 
(45 g.) was heated with acetic acid (48 c.c.) and acetic anhydride (50 c.c.); the product was 
isolated by addition of water (500 c.c.) and crystallised from ethanol, giving 4,4’-diacetamido- 
3,3’-dimethyldiphenylmethane (48 g.), m. p. 222—223° (Vongerichten and Bock ” give m. p. 
202°) (Found: C, 73:3; H, 7-0; N, 9-1. Calc. for C,yH,,0O,N,: C, 73-5; H, 7-1; N, 9-0%). 
The diacetamido-compound (56-8 g.) in acetic acid (1200 c.c.) was stirred for 84 hr. at room 
temperature with chromic oxide (24-8 g.) in acetic acid (200 c.c.) containing a little water, and 
the product was isolated by pouring the mixture into water (15 1.) and crystallising the 
precipitate from ethanol, yielding 4,4’-diacetamido-3,3’-dimethylbenzophenone (47 g.), m. p. 
263—264° (Vongerichten et al.!” give m. p. 250—251°) (Found: C, 70-6; H, 6-0; N, 8-6. Calc, 
for C,,H,,0,N,: C, 70-6 H, 6-2; N, 8-6%). The ketone was heated under reflux with acetic 
acid (400 c.c.) and 35% hydrochloric acid (400 c.c.) for 1 hr.; the amine hydrochloride separated 
from the cooled mixture and was removed, washed with a little concentrated hydrochloric acid, 
basified with aqueous ammonia, and the free base crystallised from ethanol, giving pale yellow 
needles of 4,4’-diamino-3,3’-dimethylbenzophenone (18 g.), m. p. 215—216° (lit.,27 m. p. 210°). 
Reduction of this ketone by the standard procedure gave 4,4’-diamino-3,3’-dimethyldiphenyl- 
methanol as colourless crystals, m. p. 138—140° (lit.,17 m. p. 135°). 

4,4’-Bisdimethylamino-3,3’-dimethyldiphenylmethanol.—A mixture of 4,4’-diamino-3,3’-di- 
methylbenzophenone (6-0 g.) and trimethyl phosphate (4-0 c.c.) was heated at 180° for 4 hr., 
then heated under reflux for 1-5 hr. with water (30 c.c.) containing sodium hydroxide (4-3 g.). 
The organic layer was removed and heated under reflux with acetic anhydride (12 c.c.) for 2 hr., 
and then the mixture was poured into water and basified. The product was removed in ether 
and sublimed at 10 mm., being thus obtained as a pale-yellow glass (Rassow and Reuter '8 give 
m. p. 85-5°). The picrate, m. p. 185—186°, formed yellow crystals from ethanol (Found: C, 
49-5; H, 4-2; N, 14-5. C3,H 90,,N, requires C, 49-3; H, 4:0; N, 14-8%). Reduction of this 
ketone by the standard procedure gave 4,4’-bisdimethylamino-3,3’-dimethyldiphenylmethanol 
as a colourless, viscous liquid (Rassow and Reuter give m. p. 76°). 

4,4’ - Diamino -3,5,3’,5’ -tetramethyldiphenylmethanol.—4,4’ - Diamino -3,5,3’,5’ -tetramethyldi- 
phenylmethane (20-0 g.) and chloranil (40-0 g.) in ethanol (800 c.c.) were refluxed for 1 hr., then 
poured into 2n-hydrochloric acid (2 1.), and insoluble material was removed. The resultant 
solution was basified with ammonia; the product crystallised from ethanol giving 4,4’-diamino- 
3,5,3’,5’-tetramethylbenzophenone, m. p. 240—242° (Found: C, 75-8; H, 7:3; N, 10-4. 
C,,HgON, requires C, 76-1; H, 7-5; N, 10-4%). This was reduced under standard conditions; 
the mixture was diluted with water and kept at 0° for 16 hr., colourless crystals of 4,4’-diamino- 
3,5,3’,5’-tetramethyldiphenylmethanol, m. p. 163—164°, separating (Found: C, 76-0; H, 7-9; N, 
10-1. C,,H,,ON, requires C, 75-6; H, 8-1; N, 10-4%). Recrystallisation of this compound 
from ethanol or benzene lowered the m. p. 

4,4’-Bisdimethylamino-3,5,3’ ,5’-tetramethyldiphenylmethanol.—Trimethyl phosphate (3-6 g.) 
and 4,4’-diamino-3,5,3’,5’-tetramethylbenzophenone (5-0 g.) were heated at 180° for 3-5 hr., 
then refluxed for 1-5 hr. with water (25 c.c.) containing sodium hydroxide (3-5 g.)._ The solid 
product was collected and heated under reflux with acetic anhydride (10 c.c.) for 2 hr., and then 
the mixture was stirred with water for 4 hr. The resultant solid was sublimed at 145° 
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(bath)/10 mm. and the sublimate was twice crystallised from ethanol, yielding colourless 
4,4-bisdimethylamino-3,5,3’,5’-tetramethylbenzophenone (1-5 g.), m. p. 151—151-5° (Found: C, 
77-3; H, 8-5; N, 8-7. C,,H,gON, requires C, 77-8; H, 8-6; N,8-6%). Reduction of the ketone 
under standard conditions gave 4,4’-bisdimethylamino-3,5,3’,5’-tetramethyldiphenylmethanol as 
colourless needles, m. p. 105° (from aqueous ethanol) (Found: C, 77-0; H, 9-0; N, 87. 
Cy,H ON: requires C, 77-3; H, 9:2; N, 86%). 

4,4’,4’’-Trisdimethylamino-3-methyliriphenylmethanol.—An ethereal solution of 4-dimethyl- 
amino-3-methylphenyl-lithium from 5-bromo-2-dimethylaminotoluene (2-15 g.) was added 
under nitrogen to a stirred suspension of Michler’s ketone (1-34 g.) in ether (50 c.c.) and after 
30 min. this mixture was poured into water. The ether was removed from the organic phase 
and the residual gum was caused to crystallise by trituration with light petroleum (b. p. 40— 
60°), yielding the dye base (0-5 g.), m. p. 141-5—-142-5° after two recrystallisations from 4 : 1 light 
petroleum (b. p. 60—80°)-ethyl acetate (Found: C, 77-5; H, 8-0; N, 10-4. C,,H,,ON, requires 
C, 77-4; H, 8-2; N, 104%). Subsequent reactions involving aryl-lithium compounds were 
carried out in a similar manner. 

4-Bromo-2,6,N,N-tetramethylaniline.—A stirred mixture of the primary bromo-amine (20 g.), 
paraformaldehyde (9 g.), and 90% formic acid (15-4 g.) was heated under reflux for 30 min., and 
the product was removed from the basified mixture in steam. Any partially methylated amine 
was removed as the acid-insoluble acetyl derivative, leaving the tertiary amine (16-4 g.), m. p. 
32—33° (from ethanol) (Gillois and Rumpf * give b. p. 125°/14 mm.) (Found: C, 52-6; H, 6-3; 
N, 5:9; Br, 34:3. C,)H,,NBr requires C, 52-6; H, 6-2; N, 6-1; Br, 35-0%). 

4,4’,4’’-Trisdimethylamino-3,5-dimethyltriphenylmethanol.—An ethereal solution of 2-di- 
methylamino-3,5-dimethylphenyl-lithium, prepared from the preceding amine (4-7 g.), with 
Michler’s ketone (2-76 g.) gave the dye base (3-1 g.), m. p. 162-5—163-5° (from ethanol) (Found: 
C, 77-9; H, 8-2; N, 10-1. C,,H;,ON, requires C, 77-6; H, 8-4; N, 10-1%). 

Methyl 4,4’,4’’-Trisdimethylamino-3,5-dimethyltriphenylmethyl Ether.—4-Amino-4’,4’’-bisdi- 
methylamino-3,5-dimethyltriphenylmethane ‘ (11-7 g.), 90% formic acid (160 c.c.) and 40% 
aqueous formaldehyde (10-6 c.c.) were heated under reflux for 2 hr. The mixture was basified 
with aqueous sodium hydroxide, and the crude base was removed, dried, and eluted in benzene 
from a column of activated alumina (20 x 3cm.). Only those fractions which gave a coloured 
solution with lead dioxide in acetic acid were retained. Removal of the benzene gave a gum 
which was crystallised from 3:1 ethanol—benzene, giving 4,4’,4’’-trisdimethylamino-3,5-di- 
methyltriphenylmethane (2-6 g.), m. p. 136—137° (Seel and Suchanek* give m. p. 136-5°) 
(Found: C, 80-9; H, 8-8; N, 10-3. Calc. for C,,H,,N,: C, 80-8; H, 8-8; N, 105%). A mix- 
ture of this base (2-0 g.), chloranil (1-4 g.), and methanol (50 c.c.) was heated under reflux for 
1 hr., then cooled, insoluble material was removed, a portion of the methanol (25 c.c.) was 
removed by distillation, and the solution was poured into methanol (20 c.c.) containing sodium 
methoxide (1-0 g.). The precipitate ether, recrystallised twice from 3 : 1 methanol—benzene, had 
m. p. 155—155-5° (1-4 g.) (Found: C, 77-7; H, 8-7; N, 9-9. C,,H;,ON, requires C, 77-9; H, 
8-6; N, 9-7%). 

4,4’,4’’-Trisdimethylamino-3,3’-dimethyliriphenylmethanol.—The gum obtained by the inter- 
action of 4-dimethylamino-3-methylphenyl-lithium with ethyl p-dimethylaminobenzoate was 
crystallised thrice from 2: 1 light petroleum (b. p. 40—60°)-ethyl acetate, giving the dye base 
(1-3 g.), m. p. 120—121° (Found: C, 77-7; H, 8-3; N, 10-0. C,,H,,ON, requires C, 77-6; H, 
8-4; N, 10-1%). 

Tris-(4-dimethylamino-3-methylphenyl)methanol.—An ethereal solution of 4-dimethylamino-3- 
methylphenyl-lithium, prepared from 5-bromo-2-dimethylaminotoluene (6-42 g.), was allowed 
to react with ethyl chloroformate (0-55 g.) for 30 min. at room temperature and the mixture was 
poured into water. The residue from the ether layer was steam-distilled to remove NN-di- 
methyl-o-toluidine and was then eluted with light petroleum (b. p. 60—80°) from a calcium 
carbonate column (30 x 1-5 cm.), only those fractions which gave a colour with acetic acid 
being retained. The eluted material crystallised from 3: 1 light petroleum (b. p. 40—60°)-ethy] 
acetate, giving the dye base (0-3 g.), m. p. 98-5—99-5° (Found: C, 77-9; H, 8-6; N, 9-7. 
C,,H;,ON, requires C, 77-9; H, 8-6; N, 9-7%). 

4,4’,4’’-Trisdimethylamino -3,5,3’ 5’ -tetramethyltriphenylmethanol.—p-Dimethylaminophenyl- 
lithium in ether, prepared from p-bromo-NN-dimethylaniline (1-85 g.) with 4,4’-bisdimethyl- 
amino-3,5,3’,5’-tetramethylbenzophenone (1-5 g.) gave the dye base (0-8 g.), m. p. 184—185° 

*° Gillois and Rumpf, Bull. Soc. chim. France, 1954, 112. 
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(from ethanol) (Found: C, 78-0; H, 8-6; N, 9-5. C,,H,;,ON, requires C, 78-1; H, 8-8; N, 
9-4%). 

Tris-(4-dimethylamino-3,5-dimethylphenyl)methanol.—4-Dimethylamino-3,5-dimethylphenyl- 
lithium, from the bromoamine (2-12 g.), with 4,4’-bisdimethylamino-3,5,3’,5’-tetramethylbenzo- 
phenone gave the dye base, m. p. 179—180-5° (from ethanol) (Found: C, 78-3; H, 9-1; N, 849, 
C,,H,,ON; requires C, 78-6; H, 9-1; N, 89%). 
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754. Fluorocyclohexanes. Part VI.* Some Hexa- and Penta- 
fluorocyclohexenes and Their Dehydrofluorination. 


By E. NIELD, R. STEPHENS, and J. C. TATLow. 


4H /5H-1,3,3,4,5,6,6-Heptafluorocyclohexene gave, with lithium aluminium 
hydride in ether, 4H /5H-3,3,4,5,6,6-hexafluorocyclohexene, 5H /6H-1,4,4,5,6- 
pentafluorocyclohexene and 5H/6H-1,3,4,4,5,6-hexafluorocyclohexene. The 
first product afforded 1,2,3,4-tetrafluorobenzene on dehydrofluorination, the 
second gave 1,2,4-trifluorobenzene, and the third all three tetrafluoro- 
benzenes. 3,3,4,4,5,6,6-Heptafluorocyclohexene reacted with lithium 
aluminium hydride in ether to give 1,4,4,5,5,6- and 1,4,4,5,6,6-hexafluoro- 
cyclohexene, which on dehydrofluorination gave 1,2,3,4-tetrafluorobenzene. 


WHEN this work was started, ten of the twelve possible fluorobenzenes had been made, 
mono-,! o-, m-, and -di-,? 1,2,4-% and 1,3,5-tri-,4 and 1,2,4,5-5 and 1,2,3,5-tetra-fluoro- 
benzene ® by the Balz—Schiemann route, pentafluorobenzene’” by dehydrofluorination, 
and hexafluorobenzene by three methods.*-*1©. We planned syntheses of the two missing 
members by addition-elimination reactions ™ of lithium aluminium hydride with fluoro- 
cyclohexenes, a process already developed in this Department for one preparation of 
pentafluorobenzene.” This paper describes syntheses of 1,2,3,4-tetrafluorobenzene 
based on this reaction. However, in the meantime, other routes to this compound have 
been found, one by Finger’s group, one by Wall’s,* and one in this Department » by 
application, to cyclohexenes or cyclohexadienes with 1H,2H-atoms, of the new defluorin- 
ation technique !* for the synthesis of fluoro-aromatic compounds. 

In the reaction of fluorinated olefins with lithium aluminium hydride in diethyl ether 
the overall effect is the replacement of vinylic fluorine by hydrogen. Lithium 
aluminium hydride is presumably behaving as a nucleophilic reagent, the double bond 


* Part V, J., 1959, 159. 


1 Balz and Schiemann, Ber., 1927, 60, 1186; Booth and Martin, ‘‘ Boron Trifluoride and its Deriv- 
atives,’’ John Wiley & Sons, London, 1949; Roe, ‘“‘ Organic Reactions,’’ 1949, Vol. V, 193. 

* Schiemann and Pillarsky, Ber., 1929, 62, 3035. 

* Schiemann, J. prakt. Chem., 1934, 140, 97. 

* Finger, Reed, and Finerty, J]. Amer. Chem. Soc., 1951, '78, 153. 

5 Finger, Reed, Burness, Fort, and Blough, ]. Amer. Chem. Soc., 1951, 78, 145. 

® Finger, Reed, and Oesterling, J. Amer. Chem. Soc., 1951, 78, 152. 

7 Stephens and Tatlow, Chem. and Ind., 1957, 821; Nield, Stephens, and Tatlow, J., 1959, 166. 

® McBee, Lindgren, and Ligett, Ind. Eng. Chem., 1947, 39, 378. 

® Désirant, Bull. Classe Sci., Acad. voy. Belg., 1955, 41, 759. 

10 Godsell, Stacey, and Tatlow, Nature, 1956, 178, 199. 

1 Evans and Tatlow, unpublished work. 

12 Godsell, Stacey, and Tatlow, Tetrahedron, 1958, 2, 193. 

18 Finger and his co-workers, personal communication. 

14 Pummer, Florin, and Wall, J. Res. Nat. Bur. Stand., 1959, 62, 113. 

15 Coe, Patrick, and Tatlow, Tetrahedron, 1960, 9, 240. 
'® Gething, Patrick, Tatlow, Banks, Barbour, and Tipping, Nature, 1959, 183, 586. 
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being attacked by a negative ion, which could be the [AIH,)]~ ion, or the hydride ion H~. 
The formation of a new double bond then occurs by elimination of fluorine either as a 
complex ion such as [AlH,F]~ or as fluoride ion. The fluorine appears to be lost pre- 
ferentially from the carbon to which the hydrogen has become attached, but can also 
come from a >CF, group. 


F ? Fa 1 2 F 
H H 
io 
H H H H H eo F H 
F F ‘ F 
(V) (IV) 


Reagents: |, AIHg~; 2, loss of F(b) as F-; 3, KOH; 4, loss of F(a) as F-; 5, loss of F-. 


An obvious route to precursors of 1,2,3,4-tetrafluorobenzene was the further reaction 
of 4H/5H-1,3,3,4,5,6,6-heptafluorocyclohexene (I), which was available from the sequence 
mentioned above !* or, more readily, by dehydrofluorination of the 1,1,2,3,4,4,5,6-octa- 
fluorocyclohexanes formed in the partial fluorination of benzene.” The reaction of the 
heptafluorocyclohexene (I) with lithium aluminium hydride in diethyl ether gave a mixture 
of three compounds which were separated by gas chromatography and characterised by 
oxidation, dehydrofluorination, and spectroscopy. The first compound, a hexafluoro- 
cyclohexene (II), gave with potassium permanganate in acetone the known ” (+-)-3H,4H- 
hexafluoroadipic acid. The olefin (II) was transparent in the ultraviolet region but 
displayed a characteristically very weak infrared absorption at 1700 cm.* attributable 
to a -CH=CH- group.4* The structure (IE) is thus proved. The compound is identical 
with material obtained ?’ in very small yield from the complex mixture formed by reaction 
of benzene with cobaltic fluoride. In agreement with this structure it gave with aqueous 
potassium hydroxide the pentafluoro-diene (III) and 1,2,3,4-tetrafluorobenzene. The 
product (III) was identified by oxidation to difluoromalonic acid, the absence of selective 
ultraviolet absorption, and the presence of infrared bands at 1676 and 1729 cm.* character- 
istic, respectively, of -CH=CH- and -CH=CF- groups.¥* 1,2,3,4-Tetrafluorobenzene was 
identified by analysis and by its infrared and ultraviolet absorption. The infrared 
absorption differed from those of 1,2,3,5- and 1,2,4,5-tetrafluorobenzene, and was later 
shown to be identical with that of a specimen prepared by Wall’s group. 2,3,4,5-Tetra- 
fluorobenzenesulphonic acid was prepared as white very hygroscopic crystals by reaction 
with stabilised sulphur trioxide at room temperature. 1,2-Dibromotetrafluorobenzene 
was made with bromine in sulphuric acid ! and characterised by spectroscopy. 

The second component (IV) formed by reaction of lithium aluminium hydride with 
compound (I) was a pentafluorocyclohexene, and with potassium permanganate gave a 
crystalline tetrafluoroadipic acid. The presence of a -CH=CF- and a >CH, group in 
the cyclohexene (IV) was indicated by infrared peaks at 1710 18 and 2859 cm.*1, respectively. 
Dehydrofluorination afforded only 1,2,4-trifluorobenzene.? Further, this cyclohexene was 
the sole product of reaction of the hexafluorocyclohexene (II) with ethereal lithium 
aluminium hydride, demonstrating that it had a 1H,2H,4H,5H-unit. All this evidence 


” Nield, Stephens, and Tatlow, J., 1959, 159. 
#8 Burdon and Whiffen, Spectrochim. Acta, 1958, 12, 139. 
* Hellmann and Bilbo, J. Amer. Chem. Soc., 1953, 75, 4590. 
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shows that compound (IV) was 5H,6H-1,4,4,5,6-pentafluorocyclohexene and that there. 
fore the adipic acid derived from it was the «$8’8’-tetrafluoro-acid. 

The third component (V) of the original reaction mixture was a hexafluorocyclohexene 
and was oxidised by potassium permanganate to a pentafluoroadipic acid. It also 
displayed an infrared absorption band associated with a —CH=CF- double bond.® 
Dehydrofluorination gave all three tetrafluorobenzenes, which were separated by gas 
chromatography and identified by infrared spectroscopy. Reaction with cobaltic fluoride 
under mild conditions ® was used to saturate the double bond. Three octafluorocyclo- 
hexanes?? were obtained, the 1H,2H,4H/5H-, 1H,5H/2H,4H- and 1H,4H/2H,5H- 
stereoisomers. The compound (V) must therefore have been 1,3,4,4,5,6-hexafluorocyclo- 
hexene. The isolation of the three octafluorocyclohexanes means, however, that two 
stereoisomers, 3H,6H/5H- and 3H,5H/6H-, were present. No indication of the presence 
of two compounds in the material was given by analytical gas chromatography, though 
two would be expected from the method of synthesis as outlined above, since the attacking 
species can approach either above or below the plane of the ring of compound (lI). 

Though the process is shown in the reaction chart as proceeding through anionic inter- 
mediates, these need not necessarily have an independent existence. The reaction is, 
however, almost certainly anionic in character, the direction of addition at the first stage 
being as expected for attack of a nucleophilic reagent on an unsymmetrical fluoro-olefin. 
If the product (IV) is assumed to arise entirely from (II), then the elimination of fluorine 
from the >CHF group is about twice as frequent as from >CF,. This presumably is a 
similar effect to that observed *!-2 in dehydrofluorinations of fluorocyclohexanes. The 
fluorine in CHF is less tightly bound than that in CF, but, particularly if a trans- 
addition is assumed in the first stage, the stereochemistry may well favour loss of fluorine 
from the CF, group. Neither the penta- (IV) nor the hexa-fluoro-olefin (V) would 
react further with lithium aluminium hydride under the general conditions used. This 
must be due to the number of fluorine substituents located around the double bonds— 
too few to promote nucleophilic attack. It seems, provisionally, that reaction can occur 
only if four or more fluorine atoms are present on the vinylic and a-carbon atoms. 

An alternative route to 1,2,3,4-tetrafluorobenzene was realised starting from the 
heptafluorocyclohexene (VI) obtained *% by fluorination of benzene with manganic 
fluoride and, in very small amounts, by the analogous fluorination with cobaltic fluoride.” 
The olefin (VI) was treated with lithium aluminium hydride in dry ether in the usual way 
and the product contained two new compounds (VII and VIII) which were separated and 
characterised. 


F> 


7 " F F 
ro) 
H H 
F * ne H H H 
Fy H, 2 F, H, - 








F, 3 Fa 
H ‘ p F F 
2» : : wa” 
FAX AH! ae ¢ Ff F 
F, ° H, y H, F(7 4H 
(VI) F, " 2 F, H 3 F 4 
© 
& F, a F F 


(VIII) 
Reagents: |, AIH,~; 2, loss of F-; 3, KOH. 


Compound (VII) was a hexafluorocyclohexene and on oxidation gave a new penta- 
fluoroadipic acid. The presence of -CH=CF-, >CH,, and >CHF groups was indicated ™ 


2° Evans, Godsell, Stephens, Tatlow, and Wiseman, Tetrahedron, 1958, 2, 183. 
*1 Smith and Tatlow, J., 1957, 2505. 

#2 Stephens, Tatlow, and Wiseman, J., 1959, 148. 

23 Fear and Thrower, J. Appl. Chem., 1955, 5, 353. 

** Steele and Whiffen, Tetrahedron, 1958, 3, 181. 
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by infrared absorption peaks at 1710, 2859, and 2949 cm.*, respectively; the last- 
mentioned frequency is in agreement with disposition of the >CHF group « to the double 
bond. Further, upon dehydrofluorination with aqueous potassium hydroxide, the 
aqueous phase developed a dark brown colour, as invariably happens when a 1,3-diene is 
formed. The liquid product of this reaction was shown by gas chromatography to 
contain two components, with one in large excess. The major component was identified 
as 1,2,3,4-tetrafluorobenzene, but the other was not obtained in sufficient quantity for 
identification. Compound (VII) is designated as 1,4,4,5,5,6-hexafluorocyclohexene, from 
which 1,2,3,4-tetrafluorobenzene would be formed by 1,2-eliminations and a 1,3-diene 
with two >CF, groups by a 1,4-elimination. 

The second olefin (VIII) was also a hexafluorocyclohexene and on oxidation gave 
yet a different pentafluoroadipic acid. Its infrared spectrum contained peaks at 1711, 
2853, and 2985 cm.“ characteristic of -CH=CF-,18 >CH,, and >CHF groups,* respectively, 
with the last-mentioned typical of one disposed 8 to the double bond. Dehydrofluorin- 
ation of this olefin gave only 1,2,3,4-tetrafluorobenzene and the aqueous phase remained 
colourless. It was significant that the yield of the tetrafluorobenzene was appreciably 
greater (89%) from this olefin (VIII) than from compound (VII) (56%). The structure 
(VIII) is thus proved. A reaction scheme analogous to that suggested previously will 
explain these observations, two products (VII and VIII) being expected because the 
original attack on the double bond of the unsymmetrical olefin (VI) should proceed in two 
ways, since only a very weak directional effect would be expected from the 6-hydrogen 
atom. Compound (VII) can give only one stable diene, as indicated, and compound 
(VIII) cannot give any. A stable diene is one which cannot form an aromatic compound 
by 1,2- or 1,4-elimination of hydrogen fluoride. A diene is stable if it has two >CF, 
groups and presumably should be with two ~>CH, groups. However, a cyclohexadiene 
with both hydrogen and fluorine present on its saturated carbon atoms, is unstable and 
cannot be isolated from alkaline systems. 

Further reaction of the hexafluorocyclohexenes (VII) and (VIII) with lithium alu- 
minium hydride was attempted, to give products with a double bond of the type -CH=CH-. 
These, on dehydrofluorination, should have given the then unknown 1,2,3-trifluorobenzene, 
which has since been made by Finger and ‘his co-workers.1* However, not unexpectedly 
in view of the earlier results, the double bonds in the cyclohexenes (VII) and (VIII) were 
not sufficiently activated and no reaction occurred, even with excess of lithium aluminium 
hydride and prolonged heating. 


EXPERIMENTAL 


General Techniques.—Unless otherwise stated, oxidations of olefins, gas-chromatographic 
analyses and separations, and infrared measurements were carried out as described before.** 
Known acids were characterised by two derivatives which had correct elemental analyses in 
each case reported. 

Reaction of 4H /5H-1,3,3,4,5,6,6-Heptafluorocyclohexene (1) with Lithium Aluminium Hydride.— 
The cyclohexene (13-0 g.) in diethyl ether (50 c.c.) was added during 30 min. to astirred suspension 
of lithium aluminium hydride (2-5 g.) in ether (50 c.c.) at 0°. After a further 2} hours’ stirring 
at 35°, water (10 c.c.), followed by 8N-sulphuric acid (20 c.c.), was added. The ethereal layer 
was separated and dried (MgSO,), and most of the solvent was removed by distillation through 
a 6” vacuum-jacketed column. The residue, on gas-chromatography, showed four peaks in 
addition to that due to ether. Separation by preparative-scale gas chromatography (column B, 
temp. 110°, N, flow-rate 48 1./hr.) gave (i) ether, (ii) unchanged heptafluorocyclohexene (1-2 g.), 
(iii) 4H/5H-3,3,4,5,6,6-hexafluorocyclohexene (II) (3-0 g.), b. p. 121—122°, m,,™-5 1-3540 (Found: 
C, 37-7; H, 2-1; F, 60-0. C,H,F, requires C, 37-9; H, 2-1; F, 60-0%), (iv) 5H,6H-1,4,4,5,6- 
pentafluorocyclohexene (IV) (1-0 g.), b. p. 127—128°, m,1*-5 1-3748 (Found: C, 41-9; H, 2-9. 
C,H,F; requires C, 41-9; H, 2.9%), and (v) mixed 5H,6H-1,3,4,4,5,6-hexafluorocyclohexenes (V) 
(1-9 g.), b. p. 1833—134°, n,* 1-3684 (Found: C, 37-9; H, 2-2%). 





3804 Nield, Stephens, and Tatlow: 


Characterisation of 4H/5H-3,3,4,5,6,6-Hexafluorocyclohexene (I1).—(a) The hexafluorocyclo- 
hexene (0-5 g.), potassium permanganate (1-6 g.), and dry acetone (40 c.c.) gave (+)-3H,4H« 
hexafluoroadipic acid #* (69%). 

(b) The olefin showed a characteristically very weak absorption at 1700 cm. for a -CH=CH- 
group; '* this spectrum was identical with that of the hexafluorocyclohexene isolated from 
the product of the partial fluorination of benzene.** Also there was no selective ultraviolet 
absorption over the range 2400—3000 A. 

(c) The hexafluorocyclohexene (2-3 g.), potassium hydroxide (5-0 g.), and water (5 c.c.) were 
shaken together in a sealed tube at 100° for 3 hr. The liquid product (1-1 g.) was shown by 
gas chromatography to contain two components which were separated by gas chromatography 
(column A, temp. 110°, N, flow-rate 10-6 1./hr) to give 1,3,3,6,6-pentafluorocyclohexa-1,4-diene 
(III) (0-2 g.), n,?* 13520 (Found: C, 42-4; H, 1-6. C,H,F, requires C, 42-4; H, 1-8%), and 
1,2,3,4-tetrafluorobenzene (0-7 g.), b. p. 93—94°, m,,*° 1-4054 (Found: C, 48-2; H, 1-5. Cale, 
for C,H,F,: C, 48-0; H, 1-3%), for which Pummer eé¢ al.'* gave b. p. 94-8—95°. 

Characterisation of 1,3,3,6,6-Pentafluorocyclohexa-1,4-diene.—The diene (0-4 g.), potassium 
permanganate (2-0 g.), and dry acetone (500 c.c.) gave difluoromalonic acid (39%). 

The diene showed two main infrared bands, at 1676 and 1729 cm.1.1% There was no 
selective ultraviolet absorption in the range 2400—3000 A. 

Characterisation of 1,2,3,4-Tetrafluorobenzene.—-(i) Sulphonation. The tetrafluorobenzene 
(1-3 g.) and stabilised sulphur trioxide (6-0 g.) were kept in a sealed vessel at 15° for 22 hr. Then 
concentrated sulphuric acid (10 c.c.) was added and the solution poured on ice and continuously 
extracted with ether for 48 hr. The ether solution was washed with water, dried (MgSO,), filtered, 
and evaporated to leave a white solid (1-5 g.) which, on sublimation at 100°/0-05 mm., gave 
the very hygroscopic 2,3,4,5-tetrafluorobenzenesulphonic acid, m. p. 73—74° (Found: equiv., 232. 
C,H,F,O,S requires equiv., 230). S-Benzylthiouronium 2,3,4,5-tetrafluorobenzenesulphonate had 
m. p. 188° (from water) (Found: C, 42-6; H, 3-0. C,,H,.F,N,O,S, requires C, 42-4; H, 3-0%). 

(ii) Bromination. The tetrafluorobenzene (2-2 g.) was added to a stirred mixture of bromine 
(6-0 g.), fuming sulphuric acid (20% SO,; 8 c.c.), and aluminium bromide (0-1 g.). After 10 hr. 
at 60—65° the bromination mixture was poured on ice (20@ g.), the organic layer extracted 
with ether, and the extract washed with sodium carbonate solution, sodium metabisulphite 
solution, and water. The ethereal solution was dried (MgSO,) and evaporated, to leave a liquid 
residue which was distilled to give 1,2-dibromo-3,4,5,6-tetrafluorobenzene (1-7 g.), b. p. 194—195°, 
n,"* 1-5064, Amax. 2510 and 2700 A (e 1196 and 1022, respectively; c 0-19 in EtOH) (Found: 
C, 23-8; F, 24-8. C,Br,F, requires C, 23-4; F, 247%). 

(iii) Spectroscopy. A strong infrared band was displayed at 1525 cm."}, characteristic of an 
aromatic ring; the spectrum was different from those of 1,3,4,5- and 1,2,4,5-tetrafluoro- 
benzene, but identical with that of 1,2,3,4-tetrafluorobenzene supplied by Dr. Wall. A band 
was shown in the ultraviolet spectrum with A, 2600 A (ec 649; 0-19 in EtOH). 

Characterisation of 5H,6H-1,4,4,5,6-Pentafluorocyclohexene. (I[V)—(a) The pentafluorocyclo- 
hexene (1-5 g.) potassium permanganate (4-5 g.), and dry acetone (600 c.c.) were shaken to- 
gether for 6 hr. Water (200 c.c.) was then added and the acetone removed at diminished 
pressure. The acid, isolated as above (1-4 g.) and twice sublimed at ca. 160°/0-1 mm., was 
aB6’B’-tetrafluoroadipic acid, m. p. 172—173° (Found: C, 33-0; H, 2-8%; equiv., 220. 
C,H,F,O, requires C, 33-0; H, 2-75%; equiv., 218). A portion of the acid (0-2 g.) was dis- 
solved in water (3 c.c.), the pH was adjusted to 4 with 2n-sodium hydroxide, and a saturated 
solution of S-benzylthiouronium chloride was added. The precipitate recrystallised from water, 
to give di-(S-benzylthiouronium) aB8’8’-tetrafluoroadipate (0-5 g.),m. p. 182° (Found: C, 47-8; H, 
4-6. C,,H,,F,N,O,S, requires C, 48-0; H, 4:7%). The acid formed an unstable anilinium salt. 

(b) The cyclohexene showed an absorption band at 1710 cm. characteristic of a -CH=CF- 
group.’® 

(c) The cyclohexene (3-9 g.), potassium hydroxide (8-0 g.), and water (8 c.c.) were shaken 
together in a sealed tube at 100° for 2 hr. A portion (1-9 g.) of the liquid product (2-2 g.) was 
separated by gas chromatography (column A, temp. 100°, N, flow-rate 10-1 1./hr.) to give 
1,2,4-trifluorobenzene (1-3 g.), 7,2 1-4218 (Found: C, 54-6; H, 1-9. Calc. for C,H,F,: C, 54-5; 
H, 2-25%), whose infrared absorption was identical with that of an authentic specimen over 
the range 3000—700 cm.*. 

Characterisation of the Mixed 5H,6H-1,3,4,4,5,6-Hexafluorocyclohexenes (V).—(a) The hexa- 
fluorocyclohexenes (0-5 g.) were oxidised with potassium permanganate (2-3 g.) in dry acetone 
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(200 c.c.) as previously described. The free acid was not isolated but was converted directly 
into a di-(S-benzylthiouronium) pentafi dipate (0-4 g.),m. p. 195—196° (Found: C, 46-3; H, 
41. CygH,;FsN,O,5, requires C, 46-5; H, 44%). The dianilinium salt appeared to be unstable. 

(b) The specimen showed an absorption band at 1710 cm.", characteristic of a -CH=CF- 

‘oup.'® 

rs The cyclohexenes (3-3 g.), potassium hydroxide (6-6 g.), and water (7 c.c.) were heated 
in a sealed tube at 100° for 2 hr. with continuous shaking. The liquid product (2-0 g.) was 
shown to contain three components by gas chromatography; these were separated on a prepar- 
ative-scale column (A, temp. 100°, N, flow-rate 10 1./hr.) to give 1,2,3,5-tetrafluorobenzene 
(0-3 g.), mp” 1-4006, 1,2,4,5-tetrafluorobenzene (0-5 g.), ,° 1-4048, and 1,2,3,4-tetrafluoro- 
benzene (0-3 g.). The infrared spectrum of each tetrafluorobenzene was identical with that 
given by the appropriate authentic specimen. 

(d) The mixed cyclohexenes (2-9 g.) were passed in a stream of nitrogen (5 1./hr.) through a 
copper tube (13” x }” external diameter) heated to 70° and packed with cobaltic fluoride 
(ca. 7 g.) supported on nickel gauze cylinders (1/16” x 1/16"). The addition was complete 
in 20 min. and the solid product, collected in a glass trap cooled by liquid oxygen, was dissolved 
in ether. The ethereal solution was separated by vapour-phase chromatography (column A, 
temp. 104°, N, flow-rate 10 l./hr.) into three main fractions, which were identified by gas 
chromatography and infrared spectroscopy. The first fraction (0-3 g.) was 1H,4H/2H-nona- 
fluorocyclohexane, the second (0-45 g.) a mixture of approximately equal amounts of 1H /2H,4H- 
nona- and 1H,4H/2H,5H-octa-fluorocyclohexane, and the last fractions (0-27 g.) a ~4:1 
mixture of 1H,2H,4H/5H- and 1H,5H/2H,4H-octafluorocyclohexane. 

Reaction of 4H/5H-3,3,4,5,6,6-Hexafluorocyclohexene with Lithium Aluminium Hydride.— 
The hexafluorocyclohexene (1-0 g.) in diethyl ether (10 c.c.) was added dropwise to a stirred 
suspension of lithium aluminium hydride (0-25 g.) in dry ether (20 c.c.), and the mixture was 
refluxed for 3 hr. Then water (5 c.c.) was added, followed by sufficient 50% sulphuric acid to 
dissolve the precipitate. The ether solution was separated and dried (MgSO,) and the main 
part of the solvent removed by distillation. Gas-phase chromatography of the residue gave 
two peaks, in addition to that of ether, with retention times identical with those of the un- 
changed hexafluorocyclohexene and of 5H,6H-1,4,4,5,6-pentafluorocyclohexene as established 
by enrichment of the mixture with authentic specimens. The infrared absorption spectrum 
of the reaction mixture over the range 3000—750 cm. was consistent with the presence of 
these two compounds and no others. 

Reaction of 3,3,4,4,5,6,6-Heptafluorocyclohexene (V1) with Lithium Aluminium Hydride.—The 
cyclohexene **-8 (13-0 g.) in dry ether (50 c.c.) was added during 5 min. to a stirred suspension 





‘ of lithium aluminium hydride (2-5 g.) in dry ether (150 c.c.) at 20°. The whole was stirred for a 


further 4 hr. at ca. 35°, then water (25 c.c.), followed by 15n-sulphuric acid (20 c.c.), was added. 
The ether layer was separated, dried (MgSO,), and filtered and the main part of the solvent was 
removed through a 6” vacuum-jacketed column packed with nickel Dixon gauze rings (1/16” x 
1/16”). The residue was shown by gas chromatography to contain two components in addition 
to ether. Separation by gas chromatography (column B, temp. 110°, N, flow-rate 48 1./hr.) 
gave (i) ether, (ii) 1,4,4,5,5,6- (VII) (3-0 g.), b. p. 119—120°, n,™ 1-3540 (Found: C, 37-8; 
H, 2-4. C,H,F, requires C, 37-9; H, 2-1%), and (iii) 1,4,4,5,6,6-hexafluorocyclohexene (VIII) 
(5-6 g.), b. p. 120—121°, n,1* 1-3554 (Found: C, 38-0; H, 2-3%). 

Characterisation of 1,4,4,5,5,6-Hexafluorocyclohexene (VII).—(a) The hexafluorocyclohexene 
(0-5 g.), potassium permanganate (0-8 g.), and dry acetone (100 c.c.) were shaken together at 18° 
forl hr. Water (50 c.c.) was then added and the mixture shaken for 10 min. The acetone 
was then removed and the isolation of the acid followed the usual procedure. The crude 
acid was dissolved in water, the pH adjusted to 4, and S-benzylthiouronium chloride added 
to give di-(S-benzylthiouronium) a®88’B’-pentafluoroadipate (0-6 g.), m. p. 183° (decomp.) 
(Found: C, 46-7; H, 4-7. C,H, F,N,O,S, requires C, 46-5; H, 4-4%). 

(6) Absorption maxima were at 1710, 2859, and 2949 cm.71. 

(c) The hexafluorocyclohexene (2-0 g.), potassium hydroxide (4-0 g.), and water (4 c.c.) were 
shaken together in a sealed tube at 100° for 2hr. The pale-brown aqueous phase was separated 
from the hydrofluorocarbon (0-85 g.) which was shown by gas chromatography to contain, in 
addition to the unchanged hexafluorocyclohexene, 1,2,3,4-tetrafluorobenzene (infrared spectrum) 
and a very minor component, with slightly shorter retention time. 

Characterisation of 1,4,4,5,6,6-Hexafluorocyclohexene (VIII).—(a) The hexafluorocyclohexene 
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(0-5 g.) was oxidised with potassium permanganate (0-8 g.) in dry acetone (100 c.c.) as de. 
scribed for the previous oxidation and the fluoro-acid isolated in the same way. The di- 
anilinium salt appeared unstable and the acid was characterised as di-(S-benzylthiouronium) 
ax86’B’-pentafluoroadipate (0-7 g.), m. p. 187° (Found: C, 46-7; H, 4-4%). 

(b) Absorption bands were at 1711, 2853, and ca. 2985 cm.71. 

(c) The cyclohexene (2-5 g.) was dehydrofiuorinated with potassium hydroxide (5-0 g.) in 
water (5 c.c.) as described for its isomer. The colourless aqueous layer was separated from 
the hydrofluorocarbon (1-7 g.) which was shown by gas chromatography and infrared spectro- 
scopy to be pure 1,2,3,4-tetrafluorobenzene. 


The authors thank Professor M. Stacey, F.R.S., for his interest, Dr. L. H. Wall for a sample 
of 1,2,3,4-tetrafluorobenzene, Dr. G. C. Finger for a sample of 1,2,3,5-tetrafluorobenzene, the 
D.S.1.R. for a maintenance award (to E. N.), and Dr. D. H. Whiffen for assistance with infrared 
spectroscopy. 
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755. The Kinetics of the Hydrolysis of Triphenylmethyl Fluoride 
in Aqueous Acetone. 


By A. K. CovERDALE and G. KOHNSTAM. 


The reaction of triphenylmethyl fluoride with 70% aqueous acetone 
is subject to autocatalysis. Added hydrochloric acid accelerates the 
hydrolysis considerably, but sodium chloride and fluoride have no effect 
on the rate. The observations are consistent with the view that molecules 
of hydrofluoric acid are responsible for most, if not all, of the autocatalysis; 
hydrogen-ion catalysis only becomes significant when strong acids are added 
to the reaction mixture. It seems likely that both catalysts assist the 
heterolysis of the C-F linkage by virtue of their ability to form strong bonds 
with fluorine. 


ORGANIC fluorides undergo nucleophilic substitution much more slowly than the corre- 
sponding chlorides,” and the solvolysis reaction is generally catalysed by hydrogen 
ions.**-6 Autocatalysis has also been reported for the solvolysis,” but it is not clear 
whether this arises from the direct intervention of hydrofluoric acid or from the hydrogen 
ions produced by its dissociation. Little quantitative evidence is available (see, however, 
ref. 4b, 6) and we now report an attempt to obtain further information about the catalysis 
from a study of the reaction between triphenylmethy] fluoride and 70°%, (v/v) aqueous 
acetone. Swain and his co-workers had already studied the hydrolysis in a more aqueous 
solvent and found no evidence for autocatalysis or hydrogen-ion catalysis,® but preliminary 
measurements in connection with another investigation showed that this did not apply 
in the present systems. 

The hydrolysis of ca. 0-015—0-030M-triphenylmethyl fluoride was studied in 70% 
aqueous acetone, and also in the presence of hydrochloric acid (0-001—0-01m), sodium 
chloride (0-003—0-01m), and sodium fluoride (0-006—0-01m). The reactions were followed 
by noting the development of acidity, after check experiments had shown that the 
hydrolysis went to completion and that the attack of hydrofluoric acid on the solvent and 
on the glass reaction vessels was negligibly small during the course of the reaction. 


1 Ingold and Ingold, J., 1928, 2249. 

* Cooper and Hughes, J., 1937, 1183. 

% Miller and Bernstein, J. Amer. Chem. Soc., 1948, 70, 3600. 

* Chapman and Levy, /., 1952, (a) 1673, (b) 1677. 

5 (a) Swain, Esteve, and Jones, ]. Amer. Chem. Soc., 1949, 71, 965; Swain and Moseley, ibid., 1955, 
77, 3727; (b) Swain, Scott, and Lohmann, ibid., 1953, 75, 136. 

* Bevan and Hudson, J., 1953, 2187. 

7 Bathgate and Moelwyn-Hughes, /J., 1959, 2642. 
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The present reactions appeared to be subject to autocatalysis; in all the systems 
investigated the integrated first-order rate coefficients (k) increased by 0-12—0-22 x 10% 
sec. over the course of the reaction (for examples, see Table 1). Hydrochloric acid 
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The effect of hydrochloric acid on the rate 
of hydrolysis of triphenylmethyl fluoride 
in 70% aqueous acetone at 40-00°. 
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The rate coefficients, A,,,, are the mean 
integrated first-order rate coefficients 
at each concentration of hydrochloric ° 
acid. 
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exerted a strong catalytic effect. It can be seen in the Fig. that the rate is increased 
approximately threefold in the presence of 0-01M-acid, and that the average rate coefficients 
vary linearly with the acid concentration. Deviations from the straight line in the Fig. 


TABLE 1. Kinetic data for the reaction of triphenylmethyl fluoride with 70% aqueous 
acetone at 40-00°. J 
tin sec., & in sec.~!, titres in ml. 
(i) Run 7, no additions, 4-18 ml. samples titrated with 0-01000N-NaOH. Titre at to = 7°65 


de 0-000 2-298 2-910 3-536 4530 4875 5-195 5478 5-850 6-350 
TEMG cccarcccessccceese 0-64 2-12 2-48 2-84 3-32 349 364 3-76 393 413 

GMB, ceveccsssass —_ 1-032 1-046 1-048 1-064 1-070 1-075 1-075 1-083 1-085 
wore, eqn. 1 * 1-039 1-053 1-066 1-080 1-086 1-094 1-098 1-104 1-110 


calc., eqn. 2 f 1-041 1-056 1-062 1-078 1-083 1-088 1-092 1-097 1-104 
BE sccaccccviatscessenes 6-960 7-850 8-665 9-595 10-070 10-740 11-755 12-585 13-490 14-160 
BIE ccacencecososeses 4:37 4-71 496 5-28 5-44 5-56 5-82 600 6-18 6-32 


WOR. he rcissceses 1-091 1-107 1-105 1-130 1-146 1-127 1-204 1-150 1-158 1-175 
10*&< calc.,eqn.1* 1-118 1-129 1-138 1/147 1-152 1-158 1-166 1-173 1-179 1-184 
calc.,eqn.2¢ 1113 1-124 1-134 1-145 1-151 1-158 1-169 1-177 1-185 1-191 


(ii) Run 28, [NaCl] = 0-00328, 4-18 ml. samples titrated with 0-01020N-NaOH. Titre at ta = 12-65 


Se oe 0-000 2-400 3-020 3-625 4540 5-068 5-700 6-695 7-665 8-970 
ME. itnntnhesatenoase’ 0-67 3-28 4:04 4-60 5-52 6-10 6-61 7-20 7-95 8-70 
WO. vicb antennae 7 1-032 1-104 1-110 1-153 1-204 1-214 1-190 1-236 1-254 
woe, eqn. 1 * 1-074 1095 1-114 1-138 1-151 1-166 1-186 1-203 1-224 
calc., eqn. 2 f 1-065 1-085 1-104 1-131 1-147 1-165 1-191 1-215 1-246 
(iii) Run 25, [HCl] = 0-00135, 4:18 ml. samples titrated with 0-001020N-NaOH. Titre at to = 11-26 
BO idccssdevesisanabesen 0-000 1-020 1-230 1-525 1-992 2-813 3-360 3-900 4-340 4-920 5-460 
Ts tes scl chakanshenie 1-54 2-74 3-02 332 3:78 461 513 553 592 632 6-71 
epee — 1-293 1-346 1-326 1-355 1-380 1-373 1-355 1-380 1-375 1-390 
10*R< calc., eqn. 1 * — 1-245 1-253 1-262 1-273 1-296 1-308 1-319 1-327 1-339 1-348 
calc., eqn. 2 ¢ — 1-288 1-295 1-305 1-318 1-345 1-360 1-375 1-386 1-402 1-415 
(iv) Run 39, [NaF] = 0-00969, 4-18 ml. samples titrated with 0-00839N-NaOH. Titre at to = 11-60 
eae 0-000 1-800 2-400 2-940 3-360 4-140 5-100 
ns cevddnthucdhevsenk 0-97 - 2-82 3-32 3-78 4:17 4-80 5-47 
MG ° dnctdsvuente — 1-063 1-042 1-043 1-067 1-079 1-079 
wre, eqn. 1 * —_ 0-868 0-872 0-875 0-878 0-882 0-887 
calc., eqn. 2 ¢ a 1-042 1-055 1-067 1-076 1-092 1-lll 
BOG... rerrrrseereceees 5-700 6-480 7-740 9-180 10-800 12-120 13-500 
WD | deetecnuusicatias 5-95 644 7-26 7-92 8-76 9-24 9-68 
MS \santeendeet 1-108 1-115 1-157 1-156 1-222 1-242 1-268 
10*k< calc., eqn. 1 * 0-890 0-894 0-900 0-906 0-912 0-917 0-922 
calc., eqn. 2 ¢ 1-122 1-136 1-159 1-182 1-205 1-224 1-241 


* 104k,’ = 0-845, 10*ky+’ = 2-06, 10*K yy’ = 2-91. 
t 10k, = 0-954, 10°%gp = 2-31, 10*%*g+ = 1-81. 
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probably arise from the use of average rate coefficients which depend on the extent of the 
autocatalysis at the times when readings were taken; this, in turn, depends on the initia] 
concentration of the substrate and the extent of the reaction. Sodium chloride and 
fluoride had little, if any, effect on the rate (see Table 1). 


DISCUSSION 


The observation that hydrochloric acid exerts a strong catalytic effect, while sodium 
chloride and fluoride leave the rate virtually unaltered, suggests that the hydrolysis of 
triphenylmethyl fluoride is catalysed by hydrogen ions, like the hydrolysis of other 
fluorides.*+-* This conclusion contradicts a previous report that strong acids do not alter 

AH the rate of hydrolysis of the present compound.’ No explan- 

aclr H-O2 ation can be advanced to account for this discrepancy but we 

+H (1) have been unable to explain the results shown in the Fig. except 

on the assumption of catalysis by hydrogen or chloride ions; chloride-ion catalysis is 

excluded by the results observed in the presence of sodium chloride. The catalysis 

probably arises from partial covalent binding between fluorine and a hydrated hydrogen 

ion (I) which assists the heterolysis of the C-F linkage,* analogously to other examples 
of electrophilic catalysis in nucleophilic substitution.® 

It is attractive to consider that the autocatalysis observed in the present reactions 
arises from the hydrogen ions which are produced by the electrolytic dissociation of the 
hydrofluoric acid formed during hydrolysis. On this view, the rate of hydrolysis is 
always given by 


d[{Ph,C-OH]/d¢ = —d[Ph,CF]/d¢ = [Ph,CF]{k,’ + Ry+’[H*}} 
which, on integration, yields 


_ 1, [Ph,CF).9 ,, , Ra’ 
b= 7 ln PPR CR ce =e +e" [OI ae e ° ° (1) 


The hydrogen-ion concentration can be obtained from the concentrations of any added 
hydrogen and fluoride ions, the concentration of the hydrofluoric acid, and its dissociation 
constant in concentration units, Kyy’. Combination of the results for reaction with the 
pure solvent and in the presence of 0-0112m-hydrochloric acid yields the values of h,’, 
kg+', and Ky,’ which are shown in the footnote of Table 1 (for details, see p. 3810). Rate 
coefficients calculated by the substitution of these values in eqn. (1) are compared with 
those observed in some typical runs in Table 1, and the average deviation of the ratio 
Reaic.|Rovs. from unity is given in Table 2 for each series of experiments. It can be seen 
that eqn. (1) gives good agreement with the experimental observations when electrolytes 
have not been added and when sodium chloride is present, but that the calculated rate 
coefficients are, on the average, 3-5°% too low in the presence of hydrochloric acid and 21% 
too low in the presence of sodium fluoride.* Since both hydrogen and fluoride ions depress 
the ionisation of hydrofluoric acid, it must be concluded that the autocatalysis arises mostly, 
if not entirely, from some cause other than the production of hydrogen ions as the reaction 
proceeds. This conclusion is supported by the value of 2-91 x 10“ required for Kyp’ on 
the basis of this approach. This value is about one-half of the dissociation constant in 


* Kyy’ was assumed to have the same value in all these experiments. Even an overestimate of the 
variation of this constant with changing ionic strength (by accepting Debye’s limiting law for the ionic 
activity coefficients) does not alter the result that the rate coefficients calculated from eqn. (1) are, on 
the average, lower than those observed in the presence of hydrochloric acid, and much lower than those 
found when sodium fluoride is present. 


8 Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” G. Bell and Sons, London, 1953, p. 


357. 
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water,? but results for other weak acids in organic solvent—water mixtures ! suggest that 
Kgy' should be reduced at least 1000-fold on changing from water to the present solvent. 
An alternative explanation of the autocatalysis arises from the fact that hydrofluoric 


TABLE 2. Comparison of observed rate coefficients with those calculated from 
equations (1) and (2). 
100{(Aeatc./Rovs.) mean — 1} 


Additions n* Eqn. (1) Eqn. (2) 
BURIED acacsecpbastacneinecesasenneenncovsencenes 103 0-0 + 0-2, 0-0 + 0-2, 
NaCl (0-003 —O-O1M) ...........ssceeeeeseees 40 —0-3 + 0-4, —0O-1 + 0-4, 
HCI (0-001—O-O1M)  ...........0ceeeeeeeeees 85 —3-5 + 0-3, —0-6 + 0-3, 
NaF (0-006—O-O1M) ............seeeeeeeeees 52 — 20-8 + 0-4, —0-6 + 0-3, 


* Number of separate determinations of k. 


acid can form strong bonds with fluoride ions, and this acid can therefore also be capable 
of acting as an electrophilic catalyst in the heterolysis of the C-F linkage. On this view, 
the rate of hydrolysis is given by 


d{Ph,C-OH]/d¢ = —d[Ph,CF]/d# = [Ph,CF]{ky -+ Aue([HF] + ka+[H*]} 


If Kgp’ is one-thousandth of its value in water, the last term is only significant when 
hydrochloric acid has been added, and the hydrogen-ion concentration is then ~ 
constant at the concentration of this acid. Thus, on wrk 


hes jn oe — hy + Rs[HCl] + "8? HE).@ . . . @) 


Values of ky and kyy were obtained from the results of reaction with the pure solvent and 
are given in the footnote of Table 1 together with the value of ky+ which was obtained from 
the runs with 0-0112m-hydrochloric acid (for details, see p. 3811). Substitution of these 
values in eqn. (2) yields rate coefficients which are always in good agreement with those 
observed.* This is illustrated in Table 1 where the observed and calculated rate coefficients 
are compared for some typical runs, and in Table 2 where the average deviations of 
Reatc./Rops. from unity are recorded for the various series. The present findings are thus 
fully consistent with the view that the hydrolysis of triphenylmethy] fluoride is catalysed 
by hydrofluoric acid molecules as well as by hydrogen ions. Autocatalysis arises mainly, 
if not entirely, from the undissociated acid but the results are not sufficiently accurate to 
permit the complete exclusion of a small contribution from the hydrogen ions produced 
by the dissociation of this acid. 


EXPERIMENTAL 


Materials.—Triphenylmethy] fluoride was prepared by a method similar to that employed 
by Swain and his co-workers.* Triphenylmethyl chloride was dissolved in hydrofluoric acid 
(Imperial Smelters, purity better than 99-5%) at —15° and stored for 1 hr. Most of the excess 
of acid was removed at 60—80° in a stream of dry nitrogen, the residue dissolved in dry ether, 
and the remaining acid removed by the careful addition of potassium hydrogen fluoride. 
Triphenylmethyl fluoride was obtained from the filtered solution by adding five volumes of 
light petroleum (b. p. 40—60°) and cooling to —15°. The material was further purified by 


* It seems most likely that the uncatalysed reaction [represented by fy in eqn. (2)] occurs by 
mechanism Syl. Added electrolytes should therefore accelerate hydrolysis by the ionic-strength 
effect," and sodium fluoride should, in addition, invoke a retarding mass-law effect. No allowance 
was made for the operation of these effects since they were likely to be negligibly small at the low 
electrolyte concentrations employed (9-01m), and with “‘ common-ions ” which are poor nucleophilic 
reagents. 


® Broene and de Vries, J. Amer. Chem. Soc., 1947, 69, 1644. 


oy Harned and Owen, “ The Physical Chemistry of Electrolytic Solutions,” Reinhold, New York, 
p. 581. 


1 Bateman, Church, Hughes, Ingold, and Taher, J., 1940, 979. 
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crystallisation from ether-light petroleum; it had m. p. 103—104°. The hydrolysable fluoride 
was 99-3% of the theoretical amount. 

Acetone was purified as previously described,"* and 70% aqueous acetone was prepared by 
adding 7 vol. of pure acetone to 3 vol. of distilled water which had also been passed through 
a mixed ion-exchange column. 

Rate Measurements and Analytical Methods.—Reaction rates were measured at 40-00° by 
using the sealed ampoule technique. The total acid concentration of a 4-18 ml. sample was 
usually determined by dissolving it in 200 ml. of neutral acetone to which 1 ml. of 0-1M-calcium 
chloride had been added and titrating with alkali, lacmoid being the indicator. This method 
gave poor end-points when additional fluoride ions were present, and samples from runs with 
added sodium fluoride were therefore dissolved in 10 ml. of benzene, extracted three times with 
5 ml. portions of ‘‘ equilibrium ”’ water, and the combined aqueous extracts titrated with alkali 
to a standard colour with Methyl Red-Bromocresol Green as indicator; }* the colour was 
matched instrumentally. Check experiments showed that triphenylmethyl fluoride was not 
hydrolysed significantly during the extraction, and that rates determined by this technique for 
reaction in the absence of added electrolytes were the same as those obtained by the simpler 
method. 

Hydrofluoric acid did not react with the solvent or with the product of hydrolysis. The 
titres of ca. 0-02m-solutions of this acid in 70% aqueous acetone, and in the presence of 0-02m- 
triphenylmethanol, did not alter during 20 hr. at 40°; this corresponds to ten “ half-lives ” of 
the solvolysis. 

Any reaction between hydrofluoric acid and the glass containers would not have altered 
the observed titres since fluorosilicate ions were completely hydrolysed during titration with 
alkali in water and in acetone. Such a reaction would, however, have had serious effects on the 
kinetics of a process catalysed by hydrogen ions, since fluorosilicic acid can be expected to be 
almost completely dissociated in 70% aqueous acetone. 0-02m-Solutions of hydrofluoric acid 
in this solvent were therefore kept at 40° for three “ half-lives ’’ of the solvolysis, boiled with 
sodium carbonate after the acetone had been evaporated, acidified, and analysed for silica 
by the “ molybdenum blue ”’ method," a Spekker absorptiometer being used. Sodium meta- 
silicate was employed as the reference substance, and the reliability of the method was demon- 
strated with standard solutions of sodium fluorosilicate. It was found that the concentration 
of silica in the solutions of hydrofluoric acid was never greater than 105m, corresponding to 
2 x 10°m as the upper limit for the hydrogen ions resulting from reaction with the glass 
containers. The production of this quantity of hydrogen ions during a kinetic run has a 
negligibly small effect on the integrated rate coefficient, k, and even this represents an over- 
estimate since few reactions were followed over three “‘ half-lives ’’ and since the concentration 
of hydrofluoric acid was well below 0-02 in the early stages of solvolysis. 

Calculations.—(a) Catalysis by hydrogen ions only. If the hydrolysis of triphenylmethyl 
fluoride is catalysed by hydrogen ions only, a knowledge of the concentration of these ions is 
essential before the rate coefficients k,’ and kg+’ can be determined from eqn. (1). It was 
assumed that hydrofluoric acid is a weak acid and that 


(eh at 8 + ote eek owd- wd es « oe ee 
Eqn. (1) then takes the following forms: 


(ii) Sodium chloride or no electrolyte added: 
1 
k = kh,’ + ky’(Kup’)' - 7f cE a os 8 ewe 
0 
(ii) Hydrochloric acid added, with [HCI]? > 4Ky,’[HF]: 


hm he! + hy (HC + SEE if FI. ery press oe 


12 Bensley and Kohnstam, J., 1956, 287. 
13 Banks, Cuthbertson, and Musgrave, Analyt. Chim. Acta, 1955, 18, 442. 
1 Vogel, “‘ Quantitative Inorganic Analysis,’’ Longmans, Green and Co., London, 1951, p. 669. 
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(iii) Hydrochloric acid added, with [HCI]* < 4Kqp’[HF]: 


3 , {CHCY ny (HCI? 1/° dé 
k = hy’ + ky or + (Kypr’)* - ; om . dt + 8(Kup)! 7? JaF) - (6) 
(iv) Sodium fluoride added, with [NaF] > 4Kyp’[HF]: 
wih’ -+ eoet..* 
k =k, + [NaF] if oF le nomwaleds «- 


Once Kyp’ had been evaluated, it was found that eqn. (5) applied when [HCI] > 0-005, eqn. (6) 
when [HCI] < 0-0025, and eqn. (7) to all the experiments with added sodium fluoride. All 
these equations involve eqn. (3) and are therefore subject to the errors which arise from the fact 
that this equation is only approximate. These errors are largest for [HCI] = 0-00542, but even 
then the average error in # is less than 1% over the course of a kinetic run. 

The application of the method of least squares to the results from reaction in the absence 
of added electrolytes gave ky’ and ky+’(Kgy’)! = 0-845 x 10 and 3-52 x 10°, respectively—as 
the intercept and slope of the ‘‘ best ”’ straight line of the observed rate coefficient, k, against 


(1/t) f [HF]! . dt, from eqn. (4). When [HCI] = 0-0112 the variable term in eqn. (5) is never 
0 


more than 0-1% of the value of k* and can therefore be neglected.t The average of the rate 
coefficients under these conditions yields 10°kq+’ = 2-06, whence 10‘Kyp’ = 2-91. Substitution 
of these values in eqns. (4)—(7) gave the “‘ integrated first-order rate coefficients calculated 
from eqn. (1) ” which are quoted in Tables 1 and 2; all integrals were evaluated by graphical 
methods. 

(b) Catalysis by hydrogen ions and by hydrofluoric acid. The rate coefficients ky and kyp were 
obtained by the method of least squares from the results observed in the absence of added 
electrolytes as the intercept and slope of the “‘ best ’’ straight line of the observed coefficients, k, 


against (1/t) [ HF. dé, from eqn. (2): 10‘, = 0-954, 10°gp = 2:31. These values gave 10°2g+ = 
0 


1-81 from the results observed in the presence of 0-0112m-hydrochloric acid. 

The integrated first-order rate coefficients, k, calculated from eqn. (2) with the aid of these 
values were, on the average, slightly less than those observed for reaction in the presence of 
hydrochloric acid (see Table 2). This may well have arisen from a small error in kg+, which 
was evaluated from relatively few measurements in the most acid solutions. The fact that 
Reac, WaS, On the average, 0-6% less than k,».. for reaction in the presence of sodium fluoride 
(see Table 2) may have resulted from the neglect of the ionic-strength effect #' which accelerates 
solvolysis—the average ionic strength of the solutions in this series of reactions was considerably 
greater than in any of the other series studied. It is, however, noteworthy that any significant 
formation of hydrogen difluoride ions from fluoride ions and hydrofluoric acid would have 
resulted in calculated rate coefficients larger than those observed. Since this was not found, 
it can be concluded that the equilibrium constant for the formation of hydrogen fluoride ions 
is not nearly as sensitive to changes in the solvent composition as the dissociation constant of 
hydrofluoric acid. This is only to be expected for a process in which reactants and products 
carry the same number of formal electric charges. 


We are greatly indebted to the Middlesborough Education Committee for the award of a 
Post-graduate Studentship (to A. K. C.), and to the Imperial Smelters Co. for the gift of high- 
purity hydrofluoric acid. 


(G. K.) University SciENCE LABORATORIES, SOUTH Roap, DuRHAM. 
(A. K. C.) ConsTANTINE COLLEGE, MIDDLESBOROUGH. (Received, March 22nd, 1960.) 


* This can be demonstrated a posteriori once Ky’ has been evaluated. 

_t On this view, no autocatalysis should have been observed when [HCl] = 0-0112. A slight upward 
drift of the integrated rate coefficients,“k, was observed as the reaction proceeded by the relatively large 
value of & (ca. 3 x 10‘) made it impossible to decide whether this drift was genuine or whether it arose 
pe from the experimental errors; normally, 10% increased by 0-12—0-22 over the course of 
solvolysis. 
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756. Researches on Polyenes. Part VII.* The Preparation and 
Electronic Absorption Spectra of Homologous Series of Simple Cyanines, 
Merocyanines, and Oxonols. 


By S. S. MALHoTRA and M. C. Wuitinc. 


Substances of types (I—III) represent cyanines, merocyanines, and 
oxonols of the simplest possible type, and therefore suitable for quantum- 
mechanical calculations on energy levels. Several members of each series 
have been prepared; their electronic absorption spectra are tabulated and 
discussed. The merocyanines (II) differ from their charged analogues in 
that their absorption maxima cease, at moderate values of , to move 
rapidly to longer wavelengths. This ‘“ convergent ”’ behaviour is correlated 
with dipole-moment measurements. 


In perhaps the first serious attempt to calculate from first principles the relation between 
the length of a conjugated system and the corresponding electronic absorption spectrum, 
Lewis and Calvin! contrasted the polyenes and the cyanine dyes, as representatives of 
fundamentally different systems. Their semi-classical treatment led to equations of the 
form 4 = knt and » = kn, respectively, and approximate agreement with the experimental 
facts was at once obvious. Recent data for simple polyenes with » < 7 (ref. 2) and with 
n = 8—10 (ref. 3) reveal very close agreement (probably closer than with any equation 
deduced subsequently by quantum-mechanical methods) between the facts and the first 
of these equations, provided that the wavelength of the longest of the bands spaced at ca. 
1450 cm.* is taken as representative of the electronic transition. This is a priori a 
reasonable assumption.” 

It was argued in Part III of this series? that the Jarge and complex end-groups, and 
the lateral substitution with methyl groups, of natural carotenoids render them unsatisfac- 
tory for comparison with theoretical predictions. This is equally true of the cyanines in 
which complex heterocyclic nuclei are present. We have therefore examined a series (I) 
in which the end-groups are simple, and the related anionic series (III), in order to test the 
second Lewis—Calvin equation. We shall here refer to these compounds briefly as cyanines 
and oxonols, respectively, although that involves some extension of these categories * 
(the names are convenient and single out the essential features of cyanines and oxonols, 
the equal division of an electric charge, positive and negative, respectively, between 
heteroatoms at the ends of an odd-numbered polymethine chain; the nature of the hetero- 
cyclic nuclei is manifestly inessential to their spectroscopic properties, except insofar as 
it affects basicity and the length of the path between the heteroatoms). Series (I) and 
(III) are also of interest as perhaps the simplest possible basic and acidic dyes; members 
of series (III) with m = 0, 1, and 2 are known, and a claim to have investigated series (I) 
has been made by Simpson, who however prepared only members with » = 1 and 2, and 
a lateral acetoxy-derivative of compound (I; = 3) [his contention that this would 
approximate spectroscopically to (I; = 3) itself is now shown to be correct]. We report 
the preparation of compounds (I) with m = 0—6 and (III) with » = 0—4, inclusive. 

Polyenes X-[(CH=CH],,°CH=Y, where X and CH=Y are respectively (heterocyclic) groups 
with strong +M and —M effects, behave in many ways like cyanines and oxonols and 
have been called ‘‘ merocyanines ’’; ® we have obtained series (II; » = 0—6), and here 


* Part VI, J., 1958, 903. 


1 Lewis and Calvin, Chem. Rev., 1939, 25, 273. 

2 Nayler and Whiting, J., 1955, 3037. 

* Bohlmann and Mannhardt, Chem. Ber., 1956, 89, 1307. 
* Hamer, Quart. Rev., 1950, 4, 327. 

5 Simpson, J. Chem. Phys., 1948, 16, 1124. 

* Hamer and Winton, /., 1949, 1126. 
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apply this term to them. They, and the #-methoxyphenyl-polyene aldehydes,’ are 
successive intermediates between the fully charge-delocalised cyanines and oxonols, on 
the one hand, and the pure polyenes, in which “ sacrificial conjugation ’’ is involved, on 


the other. 


Me,N*[CH=CH],*CH=NMeg* = MegN*[CH=CH]n*CHO = -O*[CH=CH]nnCHO— Ph*CO*O*[CH=CH],"CHO 
(1) (11) (11D (IV) 


Synthetical Work.—Compounds with n = 0. Though the formate anion and dimethyl- 
formamide are well known, tetramethylformamidinium compounds have not yet been 
prepared. In fact many methods applicable for compounds with » > 0 proved unsuccess- 
ful, ¢.g., attempted condensations between dimethylamine salts and dimethylformamide ; 
such a compound was finally obtained, as the perchlorate, by condensation between 
dimethylamine, dimethylammonium perchlorate, and ethyl orthoformate. Some steric 
hindrance is present in the molecule of (I; = 0), but not in higher homologues, and may 
explain the difficulty in obtaining it. 

Compounds with n= 1. Compounds (I) and (III) with » = 1 are known; but con- 
venient preparative methods are given below. The merocyanine (II; ™ = 1) was readily 
obtained by adding dimethylamine to propynal (cf. similar addition to ethynyl ketones 8), 
The compound described by Wille and Saffer ® as t-butylaminopropadienol, and similarly 
prepared, is undoubtedly the corresponding t-butylamino-ethylenic aldehyde; the 
observed ferric chloride colour is explicable on that basis and in no way proves the presence 
of an enolic grouping. 

Compounds with n = 2. These are the most accessible homologues (n > 0), and at this 
point the interconversion of compounds (I—III) has been examined in detail. The diethyl 
analogue of (II; = 2) has been prepared from diethylamine and 1-(2,4-dinitropheny])- 
pyridinium chloride; 1° by a simple modification we have obtained compound (II; ” = 2) 
in much higher yield, as a solid which readily forms a low-melting (?mono)hydrate. Like 
analogues studied earlier this salt shows neither characteristic aldehydic nor strong basic 
properties, but behaves rather as a highly reactive tertiary amide. Thus it is fairly 
rapidly hydrolysed by sodium hydroxide to the salt of “ glutaconic dialdehyde ” (IIT; 
n= 2). So obtained, it forms pale yellow crystals, indefinitely stable (in the solid state) 
at room temperature. (Earlier preparations, described as darker and less stable, may 
have been less pure. In acid or even neutral aqueous solution the “ dialdehyde ”’ rapidly 
resinifies, but it is stable in alkaline solution at moderate temperatures.) Dimethylamine 
salts (most conveniently the perchlorate) readily convert the merocyanine (II; = 2) 
into the corresponding cyanine (I), previously obtained by amine exchange from the dianil 
hydrochloride. The cyanine is hydrolysed in cold alkali almost instantaneously to the 
amino-aldehyde (II; m = 2), and then to the oxonol (III; = 2). The cycle can be 
completed by treating the oxonol sodium salt (III; = 2) with dimethylamine perchlorate, 
giving the cyanine (I; = 2), no doubt via the merocyanine (II). 

Benzoylation of compound (III; = 2) gave the known product " (IV; = 2), which 
showed the properties expected for a mixed anhydride. 

Compounds with n = 3. In seeking synthetic routes to compounds (I—III) having 
n = 3, we hoped to use compounds (I—III), or variants such as (IV), with m = 2, as 
starting material. A chain-extension method, capable in principle of indefinite repetition, 
would thus be made available, giving a general synthesis for these systems. Several 
attempts proved unsuccessful; thus, compounds (IT) and (IV), as well as the corresponding 
acetate," failed to condense with sodium acetylide or ethynylmagnesium bromide at the 
“aldehyde” carbon atom. Evjdence was obtained that pent-2-en-4-ynal, which is 


7 Marshall and Whiting, J., 1956, 4082. 

8 Bowden, Braude, Jones, and Weedon, J., 1945, 45. 

® Wille and Saffer, Annalen, 1950, 568, 34. 

© Knunyants and Kefeli, J. Gen. Chem. U.S.S.R., 1945, 15, 628; Chem. Abs., 1946, 40, 6079. 
1 Baumgarten, Ber., 1924, 57, 1622. 
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closely related #2 to compounds (I—III; = 2), did do so; no attempt was made to isolate 
the product, but direct reduction of the complex with lithium aluminium hydride gave a 
product formulated, from spectroscopic data, as (V), and thus of no value for the desired 
chain extension. 
HC=C-CH=CH:CHO —— [HC=C*CH=CH:CH*C=CH] —— scat idealins gina 
O-MgBr (V) OH 


At this point we were informed by Professor R. A. Raphael that he had condensed 
N-methylanilinopentadienal !* (VI; = 2) with phenylethynylmagnesium bromide, and, 
after hydrolysis, obtained 7-phenylhepta-2,4-dien-6-ynal as the semicarbazone. This 
reaction was repeated by us and the product was isolated as such. Similar reactions have 
since been reported by Jutz.44 The analogous reaction with ethynylmagnesium bromide % 
proceeded as expected, giving hepta-2,4-dien-6-ynal in fair yield. This, in contrast to 
propynal and pent-2-en-4-ynal,™ reacted at a negligible rate with dimethylamine, to give 
compound (II; » = 3) in traces only, spectroscopically estimated. On the other hand 
condensation with dimethylamine and dimethylamine perchlorate to give the perchlorate 
of (I; m = 3) took place rapidly and in good yield. Theoretical aspects of these differences 
are discussed below; meanwhile the synthesis of the merocyanine (II; = 3) followed as 
for the lower homologue. Similar derivatives of methylaniline, ¢.g., (VI; ™ = 3), were 
readily obtained, so that further extension of the series appeared possible. The preparation 
of the sodium salt of the oxonol (III; = 3) was not so satisfactory as that of the lower 
homologue, and no method was found for crystallising it without some decomposition. 
Treatment of the methylanilinoheptatrienal with potassium hydroxide in aqueous 
1-methylpyrrolid-2-one, however, gave the potassium salt, apparently pure, in good yield. 
It was characterised as the benzoyloxy-compound (IV; » = 3). 

Compounds with n = 4—6. Rather than attempt a second chain-extension cycle on 
the methylanilinoheptatrienal, we preferred to use mefhods employed in Part IV,’ involving 
direct addition of a [CH=CH], grouping to the conjugated chain of methylanilinopentadienal, 
Condensation of the latter with the Grignard reagent from 4-methoxybut-3-en-1l-yne and 
reduction of the complex with lithium aluminium hydride gave, on treatment with acid 
and isolation of the product, the desired tetraenal (VI; » = 4), albeit in only 2% yield. 


PhNMe*[CH=CH],°CHO + BrMge>C=C*-CH=CH-OMe —— {PhNMe*[CH=CH],°CH(OMgBr)*C=C*CH=CH:OMe} 


(VI) | y" +, H,O 
LiAIH,, H+, H,O (n = 2) 
H:CO*[CH=CH],"*C=C*CH=CH'OMe (VII) 
PhNMe*[CH=CH], , 3*CHO | aa 
3 
(VIII) PhNMe-[CH=CH],CH=NMePh+ H*CO[CH=CH]n42"OMe (I) 


Hydrolysis of the initial Grignard complex gave the methoxynonatrienynal (VII; 
m = 2) as a very unstable liquid. Catalytic hydrogenation of this over the Lindlar 
catalyst 6 gave an even more unstable product !? which defeated attempts to isolate it; 
however, reactions with dimethylamine—dimethylamine perchlorate or with partly 
neutralised methylaniline gave good overall yields of the desired cyanine perchlorates. 

For the hydrolysis of the cyanines to the merocyanines (II and VI; = 4) the conditions 
hitherto employed were much less successful. Use of aqueous 1-methylpyrrolid-2-one, 
however, resulted in satisfactory reactions. This solvent was again valuable in preparing 
the potassium salt of the oxonol (III; » = 4), little or none being obtained in aqueous 

#2 Heilbron, Jones, and Julia, J., 1949, 1430; Sondheimer, Ph.D. Thesis, London, 1948. 

13 Zinke and Wurker, Annalen, 1905, 338, 127. 

M4 Jutz, Chem. Ber., 1958, 91, 1867. 

18 Jones, Skattebol, and Whiting, J., 1956, 4765. 


16 Lindlar, Helv. Chim. Acta, 1952, 35, 446. 
Cf. Inhoffen, Bohlmann, and Rummert, Annalen, 1950, 569, 226. 
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Fic. 2a & b. Absorption spectra of salts, Me,N-[(CH=CH],°CH=NMe,‘Cl0,, where n is as given on 
the curves, in methylene dichloride. 
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Fics. 3a & b. Absorption spectra of compounds, Me,N:[CH=CH],°CHO, where n is as given on the 
curves, in methylene dichloride. 
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Fics. 4—6. Lewis—Calvin plots. Fic. 4: plot of X against n. Fic. 5: plot of (Any, — An) against n. 
Fic. 6: plot of * against n. 
A, Series (1); B, series (11); C, series (III); D, polyenes.* 


methanol ; indeed, even when 1-methylpyrrolid-2-one was used the salt was clearly not pure, 
having an apparent molar extinction coefficient lower than that of its analogue (III; 
n = 3). It was characterised as the benzoate (IV; m = 4). 

When condensed with methoxybutenyne, the compounds (VI; = 3 and 4) yielded 
acetylenic aldehydes (VII; = 3 and 4), which, being crystalline, were easier to isolate 
than the lower homologue. Hydrogenation and conversion into the cyanines (I;  =5 
and 6) proceeded satisfactorily, although for (I; » = 6) the reaction was impracticably slow 
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at 0°, perhaps because an intermediate was too insoluble. Hydrolysis to the merocyanines 
(II; » = 5 and 6) was effected in aqueous 1-methylpyrrolid-2 one, in good yield. The 
potassium salt of the oxonol (III; = 5) could not, however, be obtained; some of the 
black precipitates formed from compound (II; m = 5) and potassium hydroxide in aqueous 
]-methylpyrrolid-2-one gave unstable solutions with maxima at 6440 A, as expected, but 
intensities were very low. The analogous reaction with the higher homologue (II; = 6) 
was not attempted. 

Electronic Spectra.—The absorption spectra of the oxonol potassium salts (n = 2—4) 
(Fig. 1) were most conveniently determined in dimethylformamide, a little triethylamine 
being added to maintain alkalinity. The cyanine (I; = 0—6) perchlorates were most 
conveniently examined in methylene chloride (Fig. 2); these solvents were chosen for 
their ability to dissolve all members of the series at room temperature, but trials with the 
compounds where m = 2 revealed that, as expected, the solvent effects were almost 
negligible. Sodium formate showed no significant absorption above 1900 A, and the sodium 
salt of compound (III; = 1) was examined in water. The merocyanines (II; » = 5 
and 6) were relatively insoluble and. could be examined only in methylene dichloride, 
(Fig. 3) but the lower homologues showed the expected very large solvent effects. 

The cyanine cations obey the Lewis—Calvin rule, 4 = kn, fairly accurately (Fig. 4), 
except that the tetramethylformamidinium cation absorbs at an unexpectedly long wave- 
length. As its intensity of absorption is also low (ec = 14,500) some steric hindrance may 
be responsible. The severe test of plotting (A, +1 — %,) against » (Fig. 5) shows that the 
closest fit would be given by a wavelength equation of the type 4 = kn* with x slightly 
greater than 1. 

The limited range of oxonol anions also obeyed the Lewis—Calvin equation, 4 = kn, 
accurately, although the increment between the successive members of the series was 
perceptibly smaller than for the cyanines. 

These results agree with the available data for symmetrical heterocyclic cyanines, 
where a fairly constant increment of ca. 1000 cm.* is usually observed. The series (I) 
provides a clear example of the difference between “ convergent ” and “‘ non-convergent ”’ 
behaviour; with, formally speaking, only seven unsaturated linkages, compound (I; ” = 6) 
absorbs maximally in the near-infrared region, whereas in the polyene field a similar chain- 
length barely brings the absorption maximum into the visible region. 

The high intensity of absorption shown by series (I) has already received comment; 5 
the extinction coefficients are now seen to be approximately 60,000, though the result for 
the last homologue (I; ” = 6) is low, owing (presumably) to photo-decomposition despite 
the precautions taken [photo-decomposition was difficult to avoid for compounds (I; 
n > 3)]. The oxonol salts, on the other hand, may have been impure even before dissolu- 
tion, so that « = 25,000 or 30,000n is a minimum value. These figures are higher than 
that (25,000) which characterises the dimethylpolyene series ? and approach the values 
of 70,000—80,000n characteristic of the polyynes.'8 

The cyanines (I) behaved as basic dyes, giving clear colours when applied to silk, 
rapidly fading on exposure to light. The oxonol salts dyed wool after use of an aluminium 
mordant, fading again being rapid. 

The spectra of the merocyanines (II) differed from those of the charged molecules (I) 
and (III) in showing much less sharply defined main maxima, though without any sign of 
vibrational fine structure. As m increases, the wavelength of maximal absorption for 
series (II) falls far behind those of the charged analogues, and indeed the behaviour of this 
series, initially reminiscent of (I) and (III), becomes much more like that of the simple 
polyenes (Fig. 6). The clue to the change is provided by the dipole moments of members 
of series (II), which have recently been reported.!® Although as » increases, the moment 


18 Cook, Jones, and Whiting, J., 1952, 2883; Bohlmann, Chem. Ber., 1953, 86, 63, 657. 
* Hely-Hutchinson and Sutton, J., 1958, 4382. 
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of a compound (II) also increases, it does so much less than would be expected if the charge 
distribution remained constant. It is indeed probable that the moment approaches a 
limiting value of ca. 8-6 D (in benzene; no doubt dependent on the solvent used). This 
implies that the degree of mesomeric charge-transfer from the nitrogen lone-pair to the 
oxygen atom falls off as m increases, because of the work that would be needed to increase 
the distance between the opposite charges at a constant degree of polarisation. This 
result in turn explains why the rate of addition of dimethylamine to the aldehydes 
HC=C-[CH=CH],,CHO diminishes rapidly with increasing values of ”, while addition to 
HC=C-(CH=CH],"CH=NMe,* (the assumed first products in solutions rich in the amine salt) 
remains little affected by chain length. In the first reaction, the charge separation in the 
transition state, approaching *R,NH-CH=C{[=CH-CH=],CH-O-, increases with m; whereas 
in the second, approaching *R,NH*CH=C(=CH-CH=],CH-NRg, the charge is more widely 
dispersed the larger becomes. 

Vibrational Spectra.—These were studied only for structure confirmation, but it is 
noteworthy that even in series (II) the C=O stretching frequency falls only to 1678 cm.1, 
this band becoming weaker, relative to one at ca. 1600 cm.", as m increases. The bands 
at ca. 970 and 1005 cm.* in the region typical of conjugated trans-CH=CH- out-of-plane 
deformation modes are quite weak. 

The cyanine perchlorates (I) absorb intensely at 1560 cm.*. 

Note Added in Proof.—Since preparing this manuscript we have learnt that Arnold 
and Sorm (Coll. Czech. Chem. Comm., 1958, 28, 452) have reported the chloride and picrate, 
and Arnold (Coll. Czech. Chem. Comm., 1959, 24, 760) the perchlorate, of the cation (I; 
n =); no spectroscopic data were recorded, but the conversion of (III; = 1) into (I; 
m = 1) was observed. McGlynn and Simpson (J. Chem. Phys., 1958, 28, 297) have 
reported an absorption maximum for the cation [I; » = 3), without stating how this dye 
was prepared. 


EXPERIMENTAL 


The precautions usual in work with highly unsaturated substances were taken, and, in 
addition, great care was necessary with the cyanines (I; > 2) to protect solutions from light, 
notably by the use of dark brown glassware. Even diffused daylight decolorised dilute 
solutions and led to losses in recrystallisation; on the other hand, the compounds of series 
(I—III) and their aromatic analogues showed little of the sensitivity to oxidation in solution 
typical of the polyenes. In the solid state these compounds were more stable toward light. 

Dimethylamine Perchlorate-—A 25% solution (370 g.) of dimethylamine and 60% perchloric 
acid (300 g.) were mixed with cooling and evaporated under reduced pressure, giving the salt 
as hygroscopic needles, m. p. 180—182° (Found: C, 16-6; H, 5-5; N, 9-7. C,H,CINO, requires 
C, 16-5; H, 5:5; N, 99%). 

Tetramethylformamidinium Perchlorate——A solution of anhydrous dimethylamine (4-5 g.), 
dimethylamine perchlorate (14-5 g.), and ethyl orthoformate (14-8 g.) in ethanol (10 c.c.) was 
heated under reflux for 4 hr., cooled, and kept overnight at —5°. The separated salt was 
collected, washed with ice-cold ethanol, and recrystallised from ethanol, giving colourless 
plates (8 g.), m. p. 136° (Found: C, 30-4; H, 6-5; N, 13-6; Cl, 17-5. C;H,,CIN,O, requires 
C, 29-9; H, 13-9; Cl, 17-7%). 

3-Dimethylaminopropenal.—Propynal (8 g.) and methanol (20 c.c.) were cooled to —8° 
while a solution of anhydrous dimethylamine (8 g.) in methanol (20 c.c.) was added during 
30 min. After 18 hr. at —5° the solution was evaporated and distilled im vacuo, giving light 
yellow 3-dimethylaminopropenal (10-2 g., 68%), b. p. 72—74°/0-05 mm., n," 1-5789 (Found: 
C, 60-1; H, 9-2; N, 13-8. C,;H,NO requires C, 60-6; H, 9-2; N, 14:1%). 

3-Dimethylaminopropenylidenedimethylammonium Perchlorate-——The preceding compound 
(1-5 g.) and dimethylamine perchlorate (2-3 g.) in ethanol (5 c.c.) were heated under reflux 
for 4 hr. The product which crystallised on cooling was recrystallised from ethanol, giving 
the salt (2-5 g., 85%) as pale cream needles, m. p. 120° (Found: C, 37-2; H, 6:7; N, 12:2: 
Cl, 15:1. C,H,,CIN,O, requires C, 37-1; H, 6-6; N, 12-3; Cl, 15-6%). 
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Sodium Salt of 3-Hydroxyprop-2-en-1-al (‘‘ Malonic Dialdehyde’’).—A solution of sodium 
hydroxide (1-5 g.) in water (7-5 c.c.) was added to 3-dimethylaminoprop-2-enal (1-5 g.) and 
methanol (7-5 c.c.), and the mixture was warmed on the water-bath for 4 min.; dimethyl- 
amine was evolved. On cooling to —8° the salt (1-1 g., 95%) separated as almost colourless 
needles, which after recrystallisation from ethanol were indefinitely stable. 

5-Dimethylaminopenta-2,4-dienal.—1-(2,4-Dinitrophenyl)pyridinium chloride (100 g.) in 
ethanol (1 1.) was treated with 25% aqueous dimethylamine (120 c.c.). The mixture was 
heated to 60—70° for 30 min., largely evaporated under reduced pressure, and treated with 
cold water (600 c.c.). The separated 2,4-dinitroaniline was collected and the filtrate was made 
alkaline with sodium hydroxide (20 g.) in water (100 c.c.) and extracted with methylene 
dichloride (4 x 150 c.c.). Evaporation of the dried extract left a hygroscopic solid, m. p. 
30—32° (34 g.), which from analytical data appeared to be an unstable hydrate. After 
distillation at 118—125°/0-15 mm. the aldehyde had m. p. 59° (Found: C, 67-3; H, 8-9; N, 11-1. 
C,H,,NO requires C, 67-2; H, 8-8; N, 11-2%), but it was reconverted into the hydrate, m. p. 
ca. 30°, on storage. 

5-Dimethylaminopenta-2,4-dienylidenedimethylammonium Perchlorate.—(a) The foregoing com- 
pound (2-5 g.), dimethylamine perchlorate (3-5 g.), and ethanol (8 c.c.) were heated under 
reflux for 2 hr. The salt (4-4 g., 87%) separated on cooling and, after crystallisation from 
ethanol, formed yellow plates with a violet iridescence, m. p. 167° (K6nig and Regner *° give 
m. p. 165°). 

() Methyl-5-N-methylanilinopenta-2,4-dienylideneanilinium perchlorate (1-8 g.), dimethyl- 
amine (3 c.c.), and dimethylamine perchlorate (3 g.) in methanol (10 c.c.) similarly gave the 
bisdimethylamino-salt (1-1 g., 90%), m. p. 167°. 

(c) The sodium salt of 5-hydroxypenta-2,4-dienal (4 g.; see below), dimethylamine (5 c.c.), 
dimethylamine perchlorate (6 g.), and methanol (20 c.c.) were heated under reflux for 1 hr. 
On cooling, the bisdimethylamino-salt (7-5 g., 90%), m. p. 167°, separated. 

5-N - Methylanilinopenta - 2,4 - dienal.—Methy] - 5- N - methylanilinopenta - 2,4 - dienylidene - 
anilinium chloride *4 (535 g.) was suspended in water (1-8 1.) and cooled to 5° while a solution 
of sodium hydroxide (180 g.) in water (1-8 1.), also cooled to 5°, was added with shaking dur- 
ing 30 min. The mixture was kept at 2—5° with occasional shaking for 2 hr., then extracted 
with ether (7 x 11.). Concentration of the dried (MgSO,) extract to 700 c.c. and keeping it 
overnight at —5° gave the aldehyde (270 g., 70%) as yellow needles, m. p. 78—80° (Zinke 
and Wurker #8 give m. p. 78—80°). The semicarbazone separated from 2-methoxyethanol as 
yellow needles, m. p. 188° (Found: C, 63-6; H, 6-8; N, 22-7. C,,H,,N,O requires C, 63-9; H, 
6-6; N, 22-9%). 

Methyl-5-N-methylanilinopenta-2,4-dienylideneanilinium perchlorate was prepared as above 
from 5-methylanilinopenta-2,4-dienal (3-7 g.), methylaniline (2-2 c.c.), 60% perchloric acid 
(2-2 c.c.), and ethanol, in 87% yield. It formed red needles, m. p. 102°, from ethanol (Found: 
C, 59-9; H, 6-0. C,,H,,CIN,O, requires C, 60-4; H, 5-6%). 

Sodium Salt of 5-Hydvoxypenta-2,4-dienal.—Methy1-5-N-methylanilinopenta-2,4-dienylidene- 
anilinium chloride (32 g.) was dissolved in methanol (200 c.c.), and a solution of sodium 
hydroxide (40 g.) in water (200 c.c.) was added. The mixture was heated at 60—70° for 2—5 
min. and cooled, and the separated salt (11-2 g., 90%) collected as stable yellow needles. 

From N-methylanilinopenta-2,4-dienal and from the corresponding dimethylamino-com- 
pound the salt was similarly obtained in yields of 90% and 95%, respectively. The latter gave 
a particularly pale specimen; in no case was the darker polymorph ™ (?) encountered. The 
potassium salt (also pale yellow) was readily obtained by the same method. Either salt could 
be characterised as 5-acetoxypenta-2,4-dienal, m. p. 75° (Baumgarten gives m. p. 75°), 
or as below. , 

5-Benzoyloxypenta-2,4-dienal.—The above sodium salt (6 g.) was dissolved in pyridine 
(12 c.c.), and benzoyl chloride (8 g.) was added with shaking. On addition of water the benzoyl 
compound separated at once as cream needles (8-9 g., 94%), m. p. 120—121° (Baumgarten ™ 
records m. p. 116—118° after crystallisation from alcohol, but observed some decomposition 
during this operation; we confirm’ this). 

Hepta-2,4-dien-6-ynal.—A solution of ethynylmagnesium bromide was prepared * from 
magnesium (20 g.) in tetrahydrofuran (500 c.c.). It was added during 1 hr. to a solution of 


20 Konig and Regner, Ber., 1930, 68, 2823. 
*1 Zinke and Wurker, Annalen, 1905, 388, 121. 
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5-N-methylanilinopenta-2,4-dienal (60 g.) in tetrahydrofuran (300 c.c.) at —10° to —5°; after 
2 hours’ stirring at this temperature, ether (1 1.) and ice-cold 4N-sulphuric acid (400 c.c.) were 
added, and the mixture was shaken. The aqueous layer was extracted with ether (3 x 500 
c.c.), and the combined extracts were washed with aqueous sodium hydrogen carbonate, dried 
(MgSO,), and evaporated under reduced pressure. The residue was dissolved in benzene (1 |.) 
and light petroleum (1 1.), then passed down a column of alumina (Peter Spence Grade 0, 
deactivated with 5% acetic acid) /250 g.), which was then washed with the same solvent mixture. 
Evaporation of the pale yellow filtrate left a brown solid (21-4 g.), m. p. 45—50°, which remained 
brown after repeated crystallisation. A small sample (20 mg.) was sublimed in vacuo and then 
crystallised from light petroleum as almost colourless needles, m. p. 51° (Found: C, 79-3; H, 5-9, 
C,H,O requires C, 79-3; H, 5-7%), which in ethanol had Aggy, 2075 A (ec 8500) and 2895 A 
(e 33,500). Larger quantities decomposed explosively on sublimation, and the solid, m. p. 
45—50°, was therefore used as such; by spectrophotometry it was 86% pure. 

7-Dimethylaminohepta-2,4,6-trienylidenedimethylammonium Perchlorate-——The above alde- 
hyde (1 g.; 86% pure) in ethanol (10 c.c.) was treated with a solution of dimethylamine (1-5 c.c.) 
and dimethylamine perchlorate (1-5 g.) in ethanol with shaking. After 4 hr. at 20° the product 
was collected; from ethanol, it formed needles (0-95 g., 38%), m. p. 180°, green by reflected 
and magenta by transmitted light (Found: C, 47-5; H, 7-1; N, 9-7; Cl, 12-4. C,,Hj,CIN,O, 
requires C, 47-4; H, 6-8; N, 10-0; Cl, 12-7%). 

Methyl-7-N-methylanilinohepta-2,4,6-trienylideneantlinium Perchlorate.—An ice-cold solution 
of N-methylaniline (45 g.) and 60% perchloric acid (22-2 c.c.) in ethanol (200 c.c.) was added to 
heptadienynal (20 g., 86% pure) in ethanol (200 c.c.) at —5° to 0° with shaking. After 4 hr, 
at —5° the salt (60-5 g., 93%) formed blue-violet needles, m. p. 207°, unchanged after crystal- 
lisation from ethanol (Found: C, 62-5; H, 5-7; N, 6-7; Cl, 8-5. C,,H,,CIN,O, requires C, 62-6; 
H, 5-7; N, 6-9; Cl, 8-8%). 

7 - Dimethylaminohepta - 2,4,6 - trienal.—7 - Dimethylaminohepta - 2,4,6-trienylidenedimethyl- 
ammonium perchlorate (0-5 g.) in water (20 c.c.) was treated with sodium hydroxide (0-5 g.) in 
water (5 c.c.) at 20°. After 4 hours’ stirring the product was collected; crystallisation gave the 
aldehyde (0-2 g., 75%) as red-brown flakes, m. p. 144° (Found: C, 71-7; H, 8-7; N, 8-9. C,H,,NO 
requires C, 71-5; H, 8-6; N, 9:3%). 

7-N-Methylanilinohepta-2,4,6-dienal.—The corresponding cyanine perchlorate (60 g.) and 
sodium hydroxide (30 g.) in water (600 c.c.) were stirred for 1 hr. at 20°, then extracted with 
ether (4 x 600 c.c.; any unchanged salt remained undissolved at this stage and could be 
recycled). The extracts were dried, evaporated to ca. 100 c.c., and cooled to —8°; then the 
aldehyde (22-4 g., 70%) separated. It formed brown needles from ether or orange flakes from 
methanol or ethanol, both polymorphs having m. p. 124° (Found: C, 78-9; H, 6-9; N, 65. 
C,4H,,NO requires C, 78-9; H, 7-0; N, 6-7%). 

Potassium Salt of 7-Hydroxyhepta-2,4,6-trienal.—T-N-Methylanilinoheptatrienal (1 g.) in 
1-methylpyrrolid-2-one (5 c.c.) was treated with potassium hydroxide (1 g.) in water (5c.c.). The 
mixture was warmed to 60—70° for 5 min. and cooled, the salt forming red-brown needles. The 
sodium salt obtained in 50% methanol in the same way or from the dimethylamino-aldehyde 
was less pure and could be purified only by lyophilisation in cold methanol. These salts 
were characterised as 17-benzoyloxyhepta-2,4,6-trienal, prepared in pyridine (see above), as 
pale yellow needles, m. p. 145° (Found: C, 73-7; H, 5-4. C,y,H,,03 requires C, 73-7; H, 
53%). 

9-Methoxynona-2,4,8-trien-6-ynal.—Redistilled 1-methoxybut-l-en-3-yne (87-6 g.) in tetra- 
hydrofuran (150 c.c.) was added during 30 min. at 40° to a solution of ethylmagnesium bromide, 
prepared from magnesium (19-2 g.) in tetrahydrofuran (550 c.c.). The mixture was stirred 
for 1 hr. at 20° and cooled to 0°; a solution of 5-N-methylanilinopenta-2,4-dienal (93-5 g.) in 
tetrahydrofuran (400 c.c.) was added during 30 min. After a further 3 hr. at 0°, tartaric acid 
(250 g.) in water (900 c.c.) was added, followed by ether (1 1.), with shaking. The aqueous 
layer was extracted with ether (3 x 500 c.c.), and the combined organic layers were washed 
with aqueous sodium hydrogen carbonate, dried (MgSO,), and evaporated below 35°. The 
dark residue was dissolved in benzene (1-5 1.), treated with light petroleum (b. p. 40—60°), and 
filtered from polymeric material; the filtrate was passed through a short column of alumina 
(200 g.; deactivated), evaporated under reduced pressure, and dissolved in ether (100 c.c.), 
methylanilinopentadienal (7-5 g.) separating. As much amino-aldehyde remained present, 
the filtrate was evaporated and the residue dissolved in the 1: 1 benzene-light petroleum (2 1.) 
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and chromatographed on deactivated alumina (1200 g.). The colourless fore-run contained 
methoxybutenyne and was discarded; later yellow fractions contained the desired product 
(43-5 g., undistilled) ; finally a little of the orange amino-aldehyde was collected. An analytical 
specimen was prepared by distillation at 95—100°/5 x 10° mm., with decomposition (Found: 
C, 73:3; H, 6-7. CoH yO, requires C, 74-0; H, 6-2%). It could be stored as a glass at —40°, 
put darkened rapidly at room temperature even in vacuo. 

9-Methoxynona-2,4,6,8-tetvaenal.—Hydrogenation of the foregoing compound in ethanol 
over a partially poisoned catalyst until the absorption amounted to 1 mol. gave a solution of 
the tetraenal (possibly a mono-cis-form) which decomposed rapidly to deeply coloured products 
on attempted isolation but could be stored for several days at —40°. 

9-Dimethylaminonona-2,4,6,8-tetraenylidenedimethylammonium Perchlovate—A solution of 
dimethylamine (2 c.c.) and dimethylamine perchlorate (3-8 g.) in ethanol (10 c.c.) was cooled 
to 0° and added with shaking to a cooled solution of methoxynonatetraenal (from the undistilled 
acetylenic aldehyde; 4-1 g.). After 8 hr. at 0° the product was collected and recrystallised 
from ethanol, giving the salt (3-9 g., 51%) as blue-green needles, m. p. 145° (Found: C, 51-2; 
H, 7:0; N, 8-9; Cl, 12-2. C,,;H,,CIN,O, requires C, 51-2; H, 6-9; N, 9-2; Cl, 11-7%). 

Methyl-9-N-methylanilinonona-2,4,6,8-tetraenylideneanilinium Perchlorate-—Similarly pre- 
pared from the acetylenic aldehyde (22 g.), N-methylaniline (30 c.c.), 60% perchloric acid 
(15 c.c.), and alcohol (75 c.c.), the salt (35 g., 61%) formed deep green needles, m. p. 108° 
(decomp.) (Found: C, 64-6; H, 6-2; N, 6-7; Cl, 8-0. C,,H,,CIN,O, requires C, 64-4; H, 5-8; 
N, 65; Cl, 82%). 

9-Dimethylaminonona-2,4,6,8-tetraenal.—To a solution of 9-dimethylaminonona-?2,4,6,8- 
tetraenylidenedimethylammonium perchlorate (3 g.) in 1-methylpyrrolid-2-one (15 c.c.), sodium 
hydroxide (2 g.) in water (20 c.c:) was added. After 4 hr. at 20° the product was collected; 
crystallisation from ethanol gave the aldehyde (2-1 g., 75%) as deep brown plates, m. p. 192° 
(decomp.) (Found: C, 74:6; H, 8-2. C,,H,,;NO requires C, 74-5; H, 85%). When 50% 
alcohol was used in a similar experiment much of the cyanine was recovered; after recycling 
the yield was 50%. ’ 

9-N-Methylanilinonona-2,4,6,8-tetraenal.—(a) This was prepared similarly from the corre- 
sponding cyanine (25 g.), 1-methylpyrrolid-2-one (125 c.c.), sodium hydroxide (8 g.), and water 
(80 c.c.). A sharp colour change (blue —-» red) indicated completion after 30 min. After 
crystallisation from ethanol the aldehyde (10 g., 77%) formed violet-brown flakes, m. p. 
143° (decomp.) (Found: C, 80-4; H, 7-1; N, 5-9. C,,H,,NO requires C, 80-3; H, 7-2; N, 
59%). 

(6) A solution of ethylmagnesium bromide [from magnesium (1-6 g.)] in tetrahydrofuran 
(50 c.c.) was treated with 4-methoxybut-3-en-l-yne (7-3 g.). 5-N-Methylanilinopenta-2,4- 
dienal (12-4 g.) was added during 20 min. with ice-cooling. After 2 hours’ stirring at 0°, 
ethanol (2-5 c.c.), and lithium aluminium hydride (2 g.) were added, and stirring was continued 
for 3 hr. at 20°. Ethyl acetate (3 c.c.), water (15 c.c.), 4N-sulphuric acid (75 c.c.), and ether 
(100 c.c.) were added successively, and after some bluish insoluble material had been separated 
the aqueous layer was extracted with ether (3 x 400c.c.). The combined organic layers were 
washed with sodium hydrogen carbonate solution, dried (MgSO,) and evaporated, the residue 
was dissolved in benzene (320 c.c.) and treated with light petroleum (80 c.c.), and the solution 
was filtered and passed down a column of alumina (200 g., deactivated). Evaporation and 
addition of ether gave the aldehyde (0-29 g., 2%), m. p. 143°, undepressed on admixture with a 
specimen prepared by method (a). 

Potassium Salt of 9-Hydroxynona-2,4,6,8-tetraenal.—Potassium hydroxide (1 g.) in water 
(5c.c.) was added toa solution of 9-N-methylanilinononatetraenal (1 g.) in 1-methylpyrrolid-2-one 
(5 c.c.). A solid separated bat redissolved on heating to 75° for 5—10 min.; on cooling, the 
violet-brown salt separated and was washed with ice-cold water and ethanol. It was character- 
ised by its absorption spectrum—which indicated a purity of ca. 60°%—and by conversion into 
9-benzoyloxynona-2,4,6,8-tetraenal, which formed golden-yellow flakes, m. p. 160°, from ethanol 
(Found: C, 75-5; H, 5-7. C,,H,,O, requires C, 75-6; H, 5-5%). 

11-Methoxyundeca-2,4,6,10-tetrden-8-ynal.—7T-N-Methylanilinohepta-2,4,6-trienal (16 g.) in 
tetrahydrofuran (200 c.c.) was added to a Grignard reagent prepared from magnesium (3-2 g.) 
and methoxybutenyne (14-6 g.) in tetrahydrofuran, as described above. After decomposition 
with tartaric acid the neutral fraction was passed through 150 g. of deactivated alumina in 
1: 1 benzene-light petroleum (1 1.). Evaporation under reduced pressure left a residue which 
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was triturated with ether (250 c.c.), some of the starting material remaining undissolved, 
Chromatography on deactivated alumina (800 g.) in the 1:1 solvent mixture gave, after a 
colourless fore-run, a yellow band, then an orange band containing more of the starting materia] 
(4-0 g. recovered in all). Evaporation of the solvent from the yellow band and crystallisation 
from light petroleum gave the desired aldehyde (344 g., 24%) as pale-yellow plates, m. p. 80—81° 
(Found: C, 76-2; H, 6-5. C,,H,,O, requires C, 76-5; H, 6-4%). 

1l - Dimethylaminoundeca - 2,4,6,8,10 - pentaenylidenedimethylammonium Perchlovate.—A 
solution of the foregoing aldehyde (1-06 g.) in ethanol (20 c.c.) was hydrogenated over a partially 
poisoned palladium catalyst, as described above. A cooled solution of dimethylamine per- 
chlorate (1 g.) and dimethylamine (1 c.c.) in ethanol (5 c.c.) was added, and the mixture was 
kept at 0—5° with occasional shaking for 12 hr. Crystallisation of the separated product from 
alcohol, with care to minimise heating, gave green needles, m. p. 164° (0-88 g., 50%) (Found: 
C, 54-5; H, 6-8; N, 8-4; Cl, 10-9. C,,H,,CIN,O, requires C, 54-5; H, 7-0; N, 8-5; Cl, 10-7%). 

11-Dimethylaminoundeca-2,4,6,8,10-pentaenal.—The preceding salt (330 mg.) in 1-methyl- 
pyrrolid-2-one (5 c.c.) was treated with sodium hydroxide (200 mg.) in water (5 c.c.) with shaking. 
After 2 hr. at 20° water was added in excess and the product was collected and recrystallised 
from a large volume of ethanol or methylene dichloride by dissolution at 20° and cooling. 
The aldehyde (100 mg., 50%) formed deep-brown flakes, m. p. 218—220° (decomp.) (Found: 
C, 77-2; H, 86; N, 7-1. (C,,;H,,NO requires C, 76-8; H, 8-4; N, 6-9%). 

13-Methoxytrideca-2,4,6,8,12-pentaen-10-ynal.—9-N-Methylanilino-2,4,6,8-tetraenal (10 g.) 
in tetrahydrofuran (200 c.c.) was condensed with the Grignard reagent from magnesium (1-6 g.) 
and methoxybutenyne (7:3 g.), the resultant complex was decomposed, and after filtration 
through alumina (150 g.) in 1: 1 benzene-light petroleum (1 1.) and evaporation a brown residue 
was obtained. This was treated with boiling ether (400 c.c.), and separated from unchanged 
methylanilinononatetraenal (1-8 g., almost pure). Chromatography in benzene-light petroleum 
(1 1.) on deactivated alumina (900 g.) gave an orange-yellow and a red band, which for complete 
separation required a second chromatogram. Evaporation of the former band below 30° and 
recrystallisation from ether at —8° gave the aldehyde (2-4 g., 25%) as yellow plates, m. p. 147° 
with some previous softening (Found: C, 78-2; H, 6-9. C,,H,,O, requires C, 78-5; H, 6-5%). 

13 - Dimethylaminotrideca - 2,4,6,8,10,12 - hexaenylidenedimethylammonium Perchlorate.—A 
solution of the above aldehyde (1-0 g.) in ethanol (70 c.c.) and ethyl acetate (20 c.c.) was 
hydrogenated until 1 mol. had been absorbed, as described above. The hexaene-aldehyde 
separated partly, and it was necessary to warm slightly before filtering off the catalyst. The 
solution was cooled to 0° and treated with a solution of dimethylamine perchlorate (1 g.) and 
dimethylamine (0-5 g.) in ethanol, and the mixture was kept at —5° to 0° for 2 hr., then at 
15—20° for 18 hr., with exclusion of light. The salt (1-05 g., 60%) separated from methanol as 
greenish-grey needles, m. p. 183° (decomp.); neither m. p. nor intensity of absorption at the 
main maximum altered on recrystallisation, best carried out by brief gentle warming in methanol 
followed by strong cooling (Found: C, 57-9; H, 7-0; N, 7-4; Cl, 9°7. C,,H,,;CIN,O, requires 
C, 57-2; H, 7-0; N, 7-8; Cl, 9-9%). 

13-Dimethylaminotrideca-2,4,6,8,10,12-hexaenal was prepared in 63% yield from the fore- 
going salt exactly as described for the lower homologue. It formed almost black plates, m. p. 
247—-248°, from acetonitrile (Found: N, 5-7. C,;H,sNO requires N, 6-1%). 


One of the authors (S.M.) thanks the Assam Oil Co. and the C.S.I.R. (India) for a 
Scholarship. 
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757. The Kinetics and Mechanisms of Addition to Olefinic Substances. 
Part VII. Some Observations relating to Linear Free-energy Relations 
in Reactions of Olefinic Substances. 


By P. B. D. DE LA MARE. 


Applications of linear free-energy relations in correlating substituent 
effects in addition of halogens to olefinic substances, and in the unimolecular 
solvolyses of allylic halides, with those established for aromatic substitutions 
and for the unimolecular solvolyses of arylalkyl halides are discussed, with 
particular reference to steric effects on the electron-releasing power of aryl 
groups. 


In biphenyl, maximum conjugation between the aryl groups would require a planar 
conformation (I), in which the 2- and 2’-hydrogen atoms are only about 1-8 A apart. 
It is considered (cf. ref. 2) that the resulting non-bonding repulsions significantly 
reduce conjugation in these compounds. In w-styryl compounds (II), one of these 
repulsions is absent in a planar configuration, and it might therefore be expected that 
steric inhibition of conjugation would be less prominent in the latter system. 


H H H H 
Oh 
H 
HoH H~\ 
(1) BA 25A (11) 


Berliner and Blommers* recognised this structural feature when they discussed the 
low efficiency of transmission of structural effects through the biphenyl system. They 
used Hammett’s reaction constants,*5 p, as a measure of the efficiency of transmission; 
for meta- and para-substituted benzoic acids p = 1-0, and for the 3’- and 4’-substituted 
biphenyl-4-carboxylic acids (on the same scale) p = 0-37. Inductive effects, however, 
play a large part in these systems; this is probably why substituents still more powerfully 
affect the strengths of 6-substituted acrylic acids (p = ca. 2-2),6 and why the interposition 
of an extra phenyl group reduces substituent effects even more markedly (p for meta- and 
para-substituted cinnamic acids,' 0-47). 

More suitable reactions for the illustration of factors influencing conjugative effects 
would be those involving much electron-demand at the reaction centre. Orr and 
Kharasch ? have discussed in this connection the addition of 2,4-dinitrobenzenesulphenyl 
chloride to substituted styrenes, and noticed that the p-methoxyl group promotes an 
abnormally high reactivity, as judged in comparison with its o-value. For such reactions, 
however, the Hammett equation is known to have only very limited predictive power; ® 
and H. C. Brown and his co-workers ® have more recently proposed the adoption of a set 
of “ electrophilic substituent constants,” o*, which serve to correlate structural effects in 
electrophilic aromatic substitutions with those in unimolecular solvolyses of arylalkyl 
halides. These electrophilic substituent constants give considerable weight to conjugative 

1 Part VI, Ballinger, de la Mare, and Williams, J., 1960, 2467. 

2 (a) de la Mare, Hall, Harris, and Hassan, Chem. and Ind., 1958, 1086; (b) Beavan, Hall, Lesslie, 
and Turner, J., 1952, 854; Howlett, J., 1957, 4353; 1960, 1055. 

* Berliner and Blommers, J. Amer. Chem. Soc., 1951, 78, 2479. 

* Hammett, Trans. Faraday Soc., 1938, 34, 156. 

5 Jaffé, Chem. Rev., 1953, 58, 19b. 

* Charton and Meislich, J. Amer. Chem. Soc., 1958, 80, 5940. 

7 Orr and Kharasch, J. Amer. Chem. Soc., 1956, 78, 1201. 

F he Roberts, Sanford, Sixma, Cerfontain, and Zagt, J. Amer. Chem. Soc., 1954, 76, 4525; de la Mare, 
-, 1954, 4450. 
* Brown and Okomoto, J. Amer. Chem. Soc., 1957, 79, 1913; 1958, 80, 4979. 
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effects.®! It is interesting, therefore, to consider to what extent they predict reactivities 
in olefinic systems. Some results are available for illustration of this matter. 

Addition of Halogens to Olefinic Compounds.—The addition of chlorine to olefinic 
compounds in acetic acid is generally a second-order process,“ of kinetic form: 


TABLE 1. Rates (ky, at 25°, in acetic acid) of addition of chlorine to 8-substituted 
acrylic acids, RR’C:CH-CO,H. 


ER. sabspinseterneggccesnenentooaponannagen Me Ph Me H CO,H 
De secvcevtdeducbessuveretstetiveustendede Me H H H H 

Re (1. mole"® min."*)  .........c00000 51 49 0-62 0-018 0-00011 
logse (AgM/Ag™) i .ccccccsccccscccccccves 3-45 2-43 1-54 0-00 —3-00* 
ST MEME TE a att vnvsnnnpnitaatiieperin — 0-62 —0-18 —0-31 0-00 0-42 


* The experimental rate-coefficient for this compound is for the cis-, whereas the remainder refer 
to tvans-isomers; so this value has been corrected for the rate-factor of three, expected between 
maleic and fumaric acid,’* and for the statistical factor, since this compound has two equivalent 
positions for attack; these corrections do not greatly affect the logarithmic plot. 


—d{Cl,}/d¢ = k,[Olefin][Cl,]. The electrophilic reagent which attacks the olefin is believed, 
from a study of the effects of added electrolytes, to be molecular chlorine, and the subse- 
quent stages of the reaction are considered not to affect comparisons of effects of 
substituents.12 These effects have been studied by Robertson and his co-workers; most 


Fic. 1. Rates of addition of chlorine to B-sub- _ 1 : ; 
stituted acrylic acids, RR’C:CH-CO,H. Fic. 2. Rates of addition of chlorine to substituted trans- 
cinnamic acids, R°C,Hy’CH:CH:CO,H. 


log (4 /k,") 














4 f.,Me, 
a oPh 2 - p-Me 
2} = : 
re) = Hy 
— x OF p-Cl 
H —™ . 
Or * os 
5 
eal s -NO 
—_ m-NO Pp 2 
CO0,Ho -4 1 1 1 n i l ‘ line. 
-4 L 1 ! ! l n J -O6 -0-4 -0-2 re] O2 0-4 06 O8 
-06 -04-02 0 0204 06 o* 
ot 
Pp 


of the results have been summarised elsewhere.'* One series of compounds suitable for 
consideration in terms of linear free-energy relations is the series of 6-substituted acrylic 
acids, RR’C:CH-CO,H. In compounds of this type, initiation of attack by an electrophile 
must be at the «-carbon atom, to which electrons can be released mesomerically by 
8-substituents; so the relative rates might be expected to be linearly related to the electro- 
philic substituent constants for para-substituents, o,*. Table 1 summarises the data,™® 
which are plotted in Fig. 1. 

The points representing the effects of two, one, and no methyl groups define a reasonable 
straight line, thus indicating that methyl groups behave approximately additively. This 
line, which has a slope of p = ca. —5-5, passes satisfactorily near the point which represents 
the effect of the carboxy] substituent. The value of the slope indicates that, for these 
substituents, electronic effects on reaction rates are quantitatively rather more important 
than for the solvolysis of l-aryl-l-methylethyl halides (e = —4-6), but less than for 
nitration (p = —6) or for molecular halogenation of aromatic compounds (p = ca. —11).™ 

10 (a) de la Mare and Ridd, ‘‘ Aromatic Substitution: Nitration and Halogenation,’’ Butterworths, 
1959, p. 159; (b) Van Bekkum, Verkade, and Wepster, Rec. Trav. chim., 1959, 78, 815. 

11 White and Robertson, J., 1939, 1509. 

12 Robertson, Dixon, Goodwin, McDonald, and Scaife, J., 1949, 294. 

18 de la Mare, Quart. Rev., 1949, 3, 126. 


14 Ingold and Smith, J., 1931, 2742. 
18 Evans, Watson, and Robertson, /., 1950, 1624. 
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All these reactions involve much electron-demand at the reaction centre, and in all of them 
demand can to a substantial degree be satisfied in the transition state. 

The point which in Fig. 1 represents the behaviour of the phenyl substituent, howevet, 
lies ca. 1-5 logarithmic units above the line; cinnamic acid is at least thirty times more 
reactive than would be predicted from ot. It is suggested, therefore, that for the steric 
reason already discussed (cf. structures I and II) it is easier to bring the styryl than the 
biphenylyl system towards coplanarity in the transition state, and hence the phenyl group 
is more nearly able to exert its full conjugative power through an olefinic than through an 
aryl system. An equivalent illustration of the same point is that in aromatic substitu- 
tion,2“2% and in the solvolyses of arylalkyl halides,® a single methyl group is superior in 
electron-releasing power to a phenyl group; but in the corresponding additions to 
unsaturated compounds, despite the fact that the deactivating inductive effect of the 
latter group would be promoted by its nearness to the reaction centre, the order is reversed 
and a phenyl group is considerably superior to a methyl group. 

Support for the present theory can be derived by comparing the structural effects on 
the rates of addition of chlorine to substituted acrylic acids (Fig. 1) and to substituted 
cinnamic acids, for which the results are given in Table 2 and Fig. 2.1% 15 


TABLE 2. Rates (kg at 25°, in acetic acid) of addition of chlorine to substituted cinnamic 
acids, trans-R*CgHyCH:CH-CO,H. 


BI Giiclenncs shsavcascubepebeincbewscciccas p-Me H p-Cl m-NO, p-NO, 
A, 0. mole*:min.*) ...362..:::... 103 4-9 2-4 0-011 0-0049 
SMI scasenesonesdsasesoens 1-32 0-00 —0-30 —2-65 —3-00 
OE Sib sce AL cacti beeeds —0-31 0-00 0-11 0-66 0-79 


The relative rates are well predicted by the values of o*; and the slope of the plot is 
et = —3-9. The electron-demand in the reaction can still be satisfied to a considerable 
degree by electron-release from conjugating substituents, despite the fact that a phenylene 
group has been interposed between the substituent and the reaction centre. 
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For reactions of aromatic systems to which H. C. Brown’s substituent constants would 
be considered appropriate, .the interposition of an extra phenylene group seems to make 
transmission of substituent effects much less effective.2~1® Thus for molecular chlorination 
a methyl group activates the para-position in toluene by a factor of 820; but it activates 
the 4’-position in 4-methylbiphenyl only by a small factor.2~1!©+16 Similarly, whereas 
nitrobenzene is less reactive than benzene in halogenation by an estimated factor of about 
10°, 4-nitrobiphenyl is less reactive than biphenyl by a factor of 500, and the difference 
would be even larger if the comparison were made, as it should be, for para-substitution. 


16 de la Mare, “ Theoretical Organic Chemistry,” Kekulé Symposium, Butterworths, London, 1958, 
pp. 219—229. 
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Again, for nucleophilic displacement,!” the 4-nitro-group in 2,4-dinitrobromobenzene 
activates the bromine substituent by a factor of some 10°; but the 4’-nitro-group in 
4-bromo-3,4’-dinitrobiphenyl activates the bromine atom by a factor of only 12. Com- 
parison with the olefinic systems above supports the view that steric hindrance to co- 
planarity is more important in determining effects of conjugative origin relayed through 
biaryl than through styryl systems. 

Bromine additions have not been discussed here in detail, since the kinetic forms and 
mechanisms are more complicated; but the effects of alkyl and of phenyl substituents on 
third-order bromine addition (kinetic form: —d{Br,]/d¢ = k,{Olefin][Br,]*) are very 
similar to those already discussed for chlorine addition.%1® Clearly, as in aromatic 
substitution, these reactions are closely related and evoke similar extents of electron- 
release in the transition state. 

Unimolecular Solvolysis of Allylic Halides.—In the unimolecular (Syl) mechanism for 
allylic halides, RR’C°CH-CH,Cl, electron-demand at the reaction site is very great and can 
readily be satisfied by conjugating or hyperconjugating 3-substituents. Table 3 
summarises results given by Vernon,’ which are plotted in Fig. 3; the compounds could 
not all be examined at the same temperature or in the same solvent, but correction for this 
would not much affect a logarithmic plot of this kind. Once again, the points which 


TABLE 3. Relative rates of unimolecular solvolysis of allylic halides, RR’C:CH-CH,Cl. 


Me Ph Me But Cl 
H 
3-1 

5-70 3-56 3-36 0-49 

—0-18 —0-31 —0-25 0-11 


represent the influence of two, one, and no alkyl groups define a reasonable straight line. 
This gives p = ca. —11-7; the response of the system to electron-release is very large. 
Conjugating substituents (Cl, Ph) give points which represent a reactivity greater than 
would be predicted from the values of o*; that for the phenyl group involves a rate greater 
by a factor of some 3500. So here we have a second example of an olefinic system in 
which a single phenyl group is considerably superior to a methyl group in its power of 
electron-supply. 

This discussion suffices to illustrate that o* constants can be extended only with very 
limited predictive power from aromatic to the structurally related olefinic systems; and 
it draws attention again to the variable electronic effects of the phenyl group. This 
group, as Berliner and Liu pointed out,” can satisfactorily be treated only in terms of a 
multiplicity of substituent constants; van Bekkum, Verkade, and Wepster’s general 
extension ™® of this view, to which Dickinson and Eaborn’s treatment ”! is similar, may 
eventually prove to be more useful than either, or both, of the series of substituent constants 
now currently popular. 


WILLIAM RAMSAY AND RALPH ForsTER LABORATORIES, 
UNIVERSITY COLLEGE, GOWER St., Lonpon, W.C.1. [Received, March 30th, 1960.) 


17 Berliner, Newman, and Riaboff, ]. Amer. Chem. Soc., 1955, 77, 478. 
18 de la Mare and Robertson, /J., 1950, 2838. 

1® Vernon, J., 1954, 423. 

2© Berliner and Liu, J]. Amer. Chem. Soc., 1953, 75, 2417. 

*1 Dickinson and Eaborn, J., 1959, 3036. 
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758. West African Timbers. Part III.* Petrolewm Extracts 
from the Genus Entandrophragma. 


By A. AKIsAnyA, C. W. L. Bevan, J. Hirst, T. G. HALsALt, 
and D. A. H. Taytor. 


As part of a phytochemical survey of the family Meliaceae, heartwood 
timber of the four species of the West African genus Entandrophragma has 
been examined. Light-petroleum extraction of all gave “ 8’’-sitosterol, 
and four new and apparently related substances have been isolated. The 
distribution of these within the genus is described. 


TuE relation of plant chemistry to phylogeny has attracted interest for many years.)? 
The heartwood chemistry of the broad-leaved trees of the division Angiospermae has, 
except for the genus Pterocarpus,** been little investigated from this point of view. 

The family Meliacae contains many species of commercial value, and yields various 
woods known as “mahogany.” The genus Entandrophragma, limited to four West 
African species, is at present one of the common sources of this type of timber. Authentic 
specimens of these four species have been obtained by the courtesy of the Forestry Research 
Department, Ibadan, and the extraction of each with light petroleum has been examined. 

E. angolense is a botanically variable species 5 furnishing a valuable timber known as 
“gedunohor.” Authentic specimens of this gave ‘‘8”’-sitosterol and either an un- 
saturated lactone, double m. p. 157°/218°, {a],2® —44°, which we name gedunin, or a 
methyl ester, m. p. 197°, [«J,2° —43°, which we name methyl angolensate. In no case were 
both of these found in the same specimen. It has not yet been possible to correlate 
botanical and chemical variation in this species. 

E. candoleti is not common in trade. The wood is denser than water, being locally 
known as “ sapele wood-sinker.’”” The only crystalline material obtained from the 
specimen examined was “ 8 ’’-sitosterol. 

E. cylindricum, the most important commercial species, furnishes the wood known as 
“ sapele mahogany,’”’ much used in the manufacture of plywood. It is distinguished by a 
fragrant smell and yields a volatile oil on steam-distillation. Extraction gave “ §”’- 
sitosterol and a crystalline lactone, m. p. 241°, {aj,,2® —4°, which we name entandrophragmin. 

E. utile, which has a softer timber, gave with light petroleum “ 8 ’’-sitosterol, entandro- 
phragmin, and a fourth lactone, utilin, m. p. 278°, {«),2° —355-5°. Further extraction 
of the wood with acetone then gave methyl angolensate. 

Analyses of gedunin agree with the formula C,,H,, 5,0,,4CH,°OH, supported by an 
X-ray molecular-weight determination of the dihydro-derivative which crystallises 
without solvent. The absorption spectrum suggests the presence of ester or lactone 
groups. Absorption bands at 1500 and 875 cm. may be due to the presence of a furan 
ring, also indicated ® by nuclear magnetic resonance absorption at —70 and —95 c.p.s. 
Steam-distillation in the presence of alkali gave furan-3-aldehyde. 

Methyl angolensate, C,,H,0;,}H,O gave an infrared spectrum indicating the presence 
of a lactone and an ester, and bands referable to a furan ring, as in gedunin. Alkaline 


* Part II, J., 1959, 2679. 


1 Gibbs, J. Linnean Soc., 1958, 66, No. 365, p. 49. 

* Cf. Erdtmann, in ‘‘ Progress in Organic Chemistry,” Butterworths, London, 1952, Vol. I, p. 22; 
“ Perspectives in Organic Chemistry,” ed. Sir Alexander Todd, Interscience Publ., Inc., London, 1956, 
p. 134. . 

* King, Cotterill, Godson, Jurd, and King, J., 1953, 3693. 

* Akisanya, Bevan, and Hirst, J., 1959, 2679. 

5 Keay, in Hutchinson and Dalziel’s ‘‘ Flora of West Tropical Africa,” 2nd edn., revised by Keay, 
Crown Agents, London, Vol. I, Part 2, p. 697. 

* Corey, Slomp, Dev, Tobinaga, and Glazier, J. Amer. Chem. Soc., 1958, 80, 1204. 
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hydrolysis gave the corresponding acid, angolensic acid. Steam-distillation from alkali 
did not give furan-3-aldehyde. 

Entandrophragmin, C,).H3,0,,, has no characteristic ultraviolet absorption, but shows 
a single infrared carbonyl peak, at 1754 cm.. The intensity of this band corresponds to 
four lactone groups per mole. Steam-distillation from alkali gave furan-3-aldehyde and 
small amounts of unidentified ketone; acidification of the residue gave an intractable, 
water-soluble gum. The same aldehyde was obtained on pyrolysis, together with some 
acetic acid. 

Utilin crystallises from methanol as C,,H,,0,,4CH,°OH, and has absorption maxima 
at 263 my and at 1740 cm... Absorption bands at 1501 and at 872 cm.* indicating a furan 
ring, are present, and the compound gives similar results to entandrophragmin on pyrolysis 
and on steam-distillation from alkali. 


EXPERIMENTAL 


Entandrophragma angolense.—Type A. The finely ground heartwood (Forest Herbarium 
Ibadan No. 42084) (36 kg.) was percolated for 24 hr. with refluxing light petroleum (b. p, 
60—80°). The extract was filtered and evaporated and the residue (110 g.) dissolved in 
methanol (10 ml. per g.) and stored at 0°; a powder, m. p. 75—132°, separated. Repeated 
recrystallisation from methanol gave “ 8 ”’-sitosterol (19 g.), m. p. 137°, identical with a 
specimen obtained from E. candoleii. Concentration of the mother-liquor gave crystals, m. p. 
214° (44 g.), which after recrystallisation from methanol gave gedunin as stout needles, m. p. 
218°, {a),,2° —44° (in CHCl,) (Found: C, 69-0, 68-8, 68-6; H, 7-7, 8-0, 7-6; O, 23-6; OMe, 2-7; 
C-Me, 9-9. C,,H,,0,,4CH,°OH requires C, 68-8; H, 7:3; O, 24:1; OMe, 3-2; C-Me, 9-0, 
CygH3,07,4CH,°OH requires C, 68-4; H, 7-65; O, 23-0; OMe, 3-1%), Amax, 215 (log ¢ 4-12), 335 
my (log ¢ 1-8) (in MeOH), vmax 3500, 1740, 1668, 1500, and 875 cm.*! (in Nujol). 

Type B. Similar extraction of wood of this type gave a solid which on crystallisation from 
methanol yielded methyl angolensate, m. p. 197°, [a],,”° —43° (in CHCI,) (Found: C, 68-6, 68-7; 
H, 7-3, 7:2; O, 24-1; OMe, 7-7; C-Me, 5-0. C,,H,,0O;,4H,O requires C, 68-6; H, 7-35; O, 24-0; 
OMe, 8-4; 1C-Me, 41%), no characteristic ultraviolet absorption, va, 1725, 1710, 1502, 
875 cm.1. 

Entandrophragma candoleii.—Finely ground timber (Forest Herbarium Ibadan No. 43353) 
(43 kg.), extracted as above, gave a yellow gum (70 g.). Maceration with light petroleum 
(b. p. 40—60°) gave a white solid which on recrystallisation from methanol gave “‘ 8 ’’-sitosterol 
(5 g.) as flakes, m. p. 137°, [a],”* —35-2° (in CHCl,). The acetate had m. p. 126°, {aJ,* —40-6° 
(Found: C, 81-4; H, 11-9. Calc. for C3,H,;,0,: C, 81-5; H, 11-5%), the formate m. p. 104-5°. 
Oxidation with chromic acid in acetone’ gave stigmast-4-ene-3,6-dione, m. p. 166°, [a], 
—38-9° (in CHCI,) (Found: C, 81-0; H, 10-7. Calc. for C.gH,,O,: C, 81-6; H, 109%). These 
properties are in accordance with those recorded. Chromatography of the mother-liquors on 
alumina failed to yield crystals. 

Entandrophragma cylindricum.—Finely ground heartwood (Forest Herbarium Ibadan 
No. 42085) (13-2 kg.) was extracted as above. The extract was a thick oil (220 g.) which 
crystallised when stirred with light petroleum (b. p. 60—80°) containing benzene (10%). 
Three crystallisations from aqueous methanol gave entandrophragmin (25 g.) as prisms, m. p. 
241°, {a)|,2° —4°. It was soluble in all solvents except water, and crystallised from aqueous 
methanol or cyclohexane (Found, for a specimen crystallised from cyclohexane: C, 62-1, 62-0; 
H, 6-4, 6-4; O, 31-4%; OMe, nil; M (X-ray), 561+ 4. C,,H,,0,, requires C, 62-1; H, 6-4; 
O, 31:-4%; M, 560. Found, for a specimen crystallised from aqueous methanol: C, 61-15, 
61-3; H, 6-75, 6-8; O, 31-9; OMe, 4:0; OAc, 2:1%; equiv., 198. C,,H,,0,,,CH,°OH requires 
C, 60-8; H, 6-8; O, 32-4; OMe, 5-2%; M, 592-6]. Chromatography of the mother-liquors 
gave more of the same substance and a small amount of “‘ 8 ’’-sitosterol, m. p. 132°. 

Entandrophragma utile.—Powdered heartwood (Forest Herbarium Ibadan No. 41864) 
(12 kg.) gave an extract (43 g.) which partly crystallised. The solid fraction crystallised from 
ethanol to give utilin (7 g.), m. p. 278°, [a],,2° —355-5° (in CHCl), very soluble in all solvents but 
water [Found: C, 60-1; H, 63; O, 33-25; OMe, 39%; M (X-ray), 402. Calc. for 


7 Bowers, Halsall, Jones, and Lemin, /J., 1953, 2548. 
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CopH40s,4CH OH: C, 60-3; H, 6-4; O, 33-3; OMe, 39%; M, 408], Amax, 263 my (log e 3-2) 
(in EtOH), Vmax. 1740, 1598, 1501, and 872 cm.1. The mother-liquors were chromatographed 
on alumina; 1:4 benzene—light petroleum (b. p. 60—80°) eluted entandrophragmin (4 g.) 
m. p. and mixed m. p. 241°. 

The extracted heartwood was further extracted with acetone. The extract, on chromato- 
graphy and elution with benzene, gave methyl angolensate (~ 0-05%), m. p. and mixed m. p. 

97°. 

Pyrolysis —Entandrophragmin, utilin, and gedunin, but not methyl angolensate, gave 
similar results. The substance (0-5 g.) was pyrolysed at 360°, yielding high- and low-boiling 
fractions. The latter gave a brick-red dinitrophenylhydrazone which was chromatographed 
in chloroform on alumina. The major fraction crystallised from acetic acid in crimson needles 
(200 mg. from entandrophragmin), m. p. 230—-232° (Found: C, 47-85; H, 3-0; N, 20-1. Calc. 
for C,,HsN,O;: C, 47-9; H, 2-9; N, 203%). Furan-3-aldehyde, prepared from furan-3- 
carboxylic acid kindly provided by Professor Kubota, gave a similar derivative. There was 
also obtained a small amount of acetaldehyde dinitrophenylhydrazone, m. p. and mixed m. p. 
145—147° (Found: C, 43-2; H, 3-6; O, 28-4; N, 24-2. Calc. for C,H,O,N,: C, 42-9; H, 3-6; 
O, 28-55; N, 25-0%). 

Alkaline Hydrolysis.—Similar results were obtained with entandrophragmin, utilin, and 
gedunin, but not methyl angolensate. The substance (200 mg.) was dissolved in alcohol (5 c.c.) 
and 2n-sodium hydroxide (5 ml.) was added. After steam-distillation of the solution, furan-3- 
aldehyde was isolated from the distillate as dinitrophenylhydrazone, m. p. 230—232°. 

Alkaline Hydrolysis of Methyl Angolensate.—Methy] angolensate (1 g.) was refluxed for 16 hr. 
with potassium hydroxide (2-5 g.) in ethanol (25 ml.)._ The solution was diluted with water 
(400 ml.) and extracted with ether (2 x 200 ml.). Evaporation of the ether gave a trace of 
“§”-sitosterol. Acidification of the aqueous layer gave angolensic acid, crystallising from 
aqueous methanol in needles, m. p. 272° (Found: C, 68-2, 68-0; H, 7-0, 7-1%; equiv., 360. 
CypH,,0;,4H,O requires C, 68-0; H, 7-1%; M, 353). Diazomethane gave methyl angolensate, 
m. p. and mixed m. p. 197°. 

Hydrogenation of Gedunin.—Gedunin (2-9 g.) in methanol (200 ml.) was hydrogenated at 
atmospheric pressure over palladised charcoal. The solution was filtered and evaporated, and 
the residue crystallised from methanol to give dihydrogedunin, m. p. 240°, {a],,2° —8° (in MeOH) 
[Found: C, 69-1, 69-1; H, 7-7, 7-7; O, 23-15%; M (X-ray), 481+ 6. C,,H;,0, requires 
C, 69-1; H, 7-85; O, 23:0%; M, 486. CygH 3,0, requires C, 69-4; H, 7-5; O, 23-1%], Amax. 
205 (log ¢ 3-8) and 285 my (log ¢ 1-4) (in EtOH), vaax, 1738, 1709, 1502, 875 cm. (in Nujol). 


We thank Dr. R. Mason of University College, London, and Dr. D. Crowfoot Hodgkin and 
Mr. A. O’Connor of Oxford for the X-ray molecular-weight determinations, Dr. F. M. Dean of 
Liverpool University for the analyses and spectral data for entandrophragmin, and Dr. R. 
White of University College, London, for the nuclear magnetic resonance spectrum. Other 
analyses are by Pascher and Pascher of Bonn. 


UNIVERSITY COLLEGE, IBADAN, NIGERIA. [Received, February 2nd, 1960.) 
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759. Submicro-methods for the Analysis of Organic Compounds. 
Part XII.* Determination of Carboxyl Group. 


By R. BELcHER, L. SERRANO-BERGES, and T. S. WEsT. 


A method is described for the determination of the carboxyl group by 
titration in aqueous alcohol. Direct potentiometric titration is carried out 
with a modified glass/silver-silver chloride electrode system: a back- 
titration is recommended for the visual method with phenolphthalein as 
indicator. Samples of ca. 50 wg. are titrated in a total volume not exceeding 
0-4 ml. with an accuracy of +1%. 


THE main problems to be expected in the determination of carboxyl by titration on the 
submicro-scale, were interference by atmospheric carbon dioxide and, more importantly, 
accurate location of the end-point. The former difficulty was readily overcome by 
enclosing the titration assembly in a chamber through which a stream of pure nitrogen 
passed. Several methods for end-point location were examined: direct and back-titration 
with visual indicators, and direct and back-titration potentiometrically, in which two 
different electrode systems were used. Twelve titrations of benzoic acid were done under 
each set of conditions so that the standard deviation could be calculated. The results are 
included in Table 1. 


TABLE 1. Titration of ca. 50 ug. samples of benzoic acid with 0-01N-sodium hydroxide, 
Standard deviation (%) 


Method for a single result 
Direct titration with visual indicator  ..........ccsceeeeeseeeees gtbecstccscsscesecs +13 
EEE WUE WENN MNO co cnccccsccceccncsncicsccsceAhetcscevisccetesess +1:5 
Direct potentiometric titration (glass/calomel)  ..............ssseeseeeeeeeeeeees +1-0 
Direct potentiometric titration (glass/silver chloride-silver) *.................+ +0-8 
Back potentiometric titration (glass/calomel) .............csscsseereeeeeeeeeeeees +1-2 
Back potentiometric titration (glass/silver chloride-silver) ................+ +0:8 


Uniform conditions were maintained as far as possible, but in the potentiometric 
titrations a slightly larger volume of solution was necessary to ensure immersion of the 
electrodes. 

Although phenolphthalein was satisfactory in the visual back-titration (pink to colour- 
less) it was difficult to locate its end-point in the direct titration; hence several mixed 
indicators were examined.! The best of these was «-naphtholphthalein—phenolphthalein 
(1 : 3) which changed from pale rose to pale green at pH 8-6 and to violet at pH 9. This 
indicator was used subsequently in all direct titrations. 

Several organic acids were also titrated under all these different conditions. From 
these results (complete details of which have been described elsewhere *) the following 
conclusions were reached: (1) Back-titration is to be preferred for the visual method, 
because the end-points are more easily located and lie much closer to the potentiometric 
end-point. (2) In general, indirect and direct potentiometric titrations are equally 
satisfactory, with the glass/silver-silver chloride electrode system, but if the acid is very 
weak or if there is difficulty in dissolving it the indirect method is to be preferred. (3) The 
electrode system glass/silver-silver chloride is preferable to glass—calomel; it occupies 
less space and avoids risk of contaminating the solution with the bridge liquid. There is 
little to choose as regards stability. (3) Acids which have pK, >6 cannot be titrated 
satisfactorily by the recommended procedure. (5) Benzoic acid is satisfactory as a primary 
standard, but it is essential to titrate it immediately after the weighing, because losses due 
to volatilisation can prove serious on the submicro-scale. In some early experiments poor 


* Part XI, J., 1960, 2473. 


1 Kolthoff and Stenger, ‘‘ Volumetric Analysis,”’ Part II, Interscience Publ. Inc., New York, 1947. 
* L. Serrano-Berges, M.Sc. Thesis, Birmingham, 1958. 
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TABLE 3. Potentiometric titration. 


Range Range of error 
of ae. CO,H (%) Error No. of (%) 
Compound (ug.) Calc. Found (%) detns. Max. Min, 
CRIES COI ii cciddeee ss ddncsvescees 49—51 71-42 71-09 —0-33 5 —0-40 —0-14 
SNUENET EEE /necnadocvcsscecessaes 49—64 76-25 76-32 +0-07 6 +0-82 —0-13 
Po ee Serre ae 43—63 60-00 59-25 —0-75 6 —0-90 —0-52 
GND ivccedeccccncstcccossus 41—94 64-27 64:77 +0-50 6 +0-53 +0-47 
REMIUEESS BONG once. ccccetecsscvens 54—69 25-12 24-74 —0-38 5 —0-64 —0-22 
m-Trifluoromethylbenzoic acid 38—64 23-68 23-72 + 0-04 5 + 0-25 0-0 
SAC YRS BEI ci cccccccsesiccscoses 44—59 32-59 32-45 —0-14 6 —0-43 —0-07 
a ee eee 53—69 54-19 54-48 +0-29 6 +0-52 0-0 
Potassium hydrogen tetra- 
chlorophthalate ............... 38—89 13-16 13-16 6-0 6 —0-21 +0-05 
re eee 40—59 25-99 26-04 +0-05 5 +0-42 0-0 


results were obtained when dissolution and titration were done some hours after the 
weighing; there was a loss of 22-5% of the sample after 75 hr. at room temperature. 
Potentiometric titration curves are shown in Figs. 1—4. 
Results are included in Tables 2 and 3; the typical error is approximately 1%. 


EXPERIMENTAL 


Solvent Mixture.—It was advantageous to use a 1:2 mixture of ethanol and water for 


dissolution of the acids. For visual titrations it was convenient to include the indicator in 
this solution. 











45cm. a - 
Fic. 5. Micvrochamber for titration 
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Apparatus.—An “‘ Agla’”’ micrometer syringe burette (Burroughs Wellcome Ltd.) was used. 
Borosilicate glass test tubes with hemispherical bottoms, of 11 mm. inner diameter and 30 mm. 
long, were used as titration vessels. The magnetic stirrer had a 3 mm. long rotor. To avoid 
interference by atmospheric carbon dioxide a special microchamber was used, through which 
a continuous flow of nitrogen was passed (Fig. 5). 

With this microchamber it was possible to work in an inert atmosphere without obstructing 
the top of the titration vessel. There was enough room to accommodate the electrodes and the 
syringe, and it was possible to use the same titration vessels and similar apparatus for both 
the visual and the potentiometric procedure. 

The microchamber is a cylindrical vessel with a flat bottom made of glass (diameter 2-5 cm.; 
height 4-5 cm.) with a lateral tube (diameter 0-4 cm.) for the inlet of nitrogen. The titration 
tube was maintained vertical and well centred by means of a plastic disc of the same diameter 
as the microchamber. A plastic cover with a central hole of the same diameter as the titration 
tube reduced the space available for the outlet of the nitrogen. 

The pressure of the outcoming gas was between 1 and 3 Ib./sq. in. The nitrogen was freed 
from carbon dioxide by passage through soda-asbestos. 

For visual titration, light was provided by a Daylight Blue bulb (230 v, 60 w, Mazda B.T.H. 
single coil), clamped about 20 cm. above the titration vessel. 

Reagents.—0-01n-Hydrochloric acid. Prepared by dilution with distilled water from 
“ AnalaR ”’ hydrochloric acid (d 1-19). 
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0-01N-Sodium hydroxide. Prepared by dilution with freshly boiled distilled water from 
0-1n-sodium hydroxide solution (prepared from Sérensen’s oily-lye). 

Phenolphthalein indicator solution (Solvent Mixture). A 1:2 v/v mixture of 0-:1% 
ethanolic phenolphthalein and boiled distilled water. 

a-Naphtholphthalein—phenolphthalein indicator solution. One part of 0-1% alcoholic a-naph- 
tholphthalein and three parts of 0-1% alcoholic phenolphthalein. The solvent mixture in this 
case is prepared by mixing one part of the above with three parts of freshly boiled distilled 
water. This formulation was only used for direct visual titration. 

Procedure.—Visual back-titration. The sample was weighed and transferred to the titration- 
vessel which was tapped gently to remove any particles adhering to the sides. A rotor was 
introduced and 200 yl. of the solvent mixture containing the phenolphthalein indicator (150 ul. 
if more than 100 ul. of alkali were likely to be consumed) were added. 

The vessel was placed inside the micro-chamber and nitrogen was passed through the latter. 
The mixture was stirred for 15 min. and 100 ul. of 0-01N-sodium hydroxide were added with 
the tip of the syringe about 1 mm. below the surface. The tip was then raised above the 
surface and washed with one drop of distilled water. The syringe was removed and back- 
titration done similarly with 0-01N-hydrochloric acid until the indicator became colourless. 
The same standard illumination was maintained for all determinations. The control (see 
Standardisation) was deducted from the titration value. 


Fic. 6. Titration assembly. 
A, Silver electrode. 
B, Glass electrode. 
C, Vessel and stirrer. 
D, Burette. 





Direct visual titration. This was as above except that the titration was carried out directly 
with the standard alkali and the mixed indicator was used. The end-point colour change is 
from pale rose through pale green at pH 8-6 to violet at pH 9-0. Comparison solutions were 
used to match the end-points. 

Standardisation of Sodium Hydroxide and Hydrochloric Acid.—Samples of benzoic acid (ca. 
50 ug.) were weighed and immediately dissolved in 200 ul. of solvent mixture, 100 ul. of sodium 
hydroxide were added, and the excess of alkali was back-titrated with hydrochloric acid which 
had previously been titrated against the sodium hydroxide in the same medium. 

A control value on the solvent mixture was established by titrating a mixture of 200 yl. of 
solvent mixture and 150 ul. of boiled distilled water to the first appearance of a pink colour. 
The average of 10 such titrations (~1-5 ul. of 0-01N-sodium hydroxide) was deducted from the 
volume of alkali required by the benzoic acid. 

Potentiometric Titration.—Silver-—silver chloride electrode. A special electrode was used 
(Cambridge Instrument Co. Ltd.). To give more space above the titration vessel the stem was 
extended to give a total length of 14cm. The electrode consisted of a 4 mm.-thick glass tube 
ending in a platinum wire spring (2 mm. in diameter and 8 mm. long). The platinum surface 
was silvered and covered with a film of silver chloride by anodic treatment in hydrochloric acid.* 

pH Meter. For the potentiometric titration, a Vibron electrometer (model 33-B) was used 
in conjunction with a Vibron pH measuring unit (model c-33-B; Electronic Instruments Ltd., 
Surrey, England). 


* Belcher, Berger, and West, J., 1959, 2877. 
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Titration vessels. In the potentiometric titration only 0-4 ml. of solvent is used. In order 
to allow space for a rotor, two submicro-electrodes and the tip of the syringe (Fig. 6), the 
titration vessel must be exactly as specified. 

Procedure for Direct Potentiometric Method.—The samples were weighed and transferred 
directly to the titration vessels. The dissolution was carried out, immediately after weighing, 
by stirring for 15 min. in 400 ul. of the ‘‘ solvent mixture.” The presence of the visual indicator 
served to give warning of the proximity of the end-point. Before starting the titration, the 
vessel was inserted inside a microchamber where there was a continuous flow of nitrogen. 

The glass/silver-silver chloride electrode system was lowered into the solution, the bulb of 
the glass electrode being just immersed; the tip of the microsyringe was inserted to a depth 
of about 1mm. Efficient stirring was maintained and the standard sodium hydroxide solution 
was added, near the equivalence zone, in portions of 1 wl. each at intervals of 1 min., to overcome 
variations in delivery during the titration. The variations are due to variable evaporation 
of solvent from the microchamber and irregularities in evaporation from the plunger of the 
syringe burette due to heating effects on the barrel of the syringe from the standard illumination 
lamp. 

The potentiometric end-point was determined according to the method of second increments 
against reagent volume. When the second derivative is equal to the zero-point of maximum 
slope, the volume corresponding to the equivalence point is determined. 

Standardisation of the sodium hydroxide solution. Benzoic acid (microanalytical standard, 
B.D.H.) was used as standard. Standardisation of the sodium hydroxide solution was carried 
out by the procedure previously described. 

About 50 ug. of benzoic acid were dissolved in 400 ul. of ‘‘ solvent mixture” and then 
potentiometrically titrated with 0-01N-sodium hydroxide, the system glass/silver-—silver chloride 
being used. 

The volume of reagent found experimentally was corrected by a control determined on the 
solvent mixture as in the visual titration. 


One of us (L. S.) thanks the British Council for the award of a travelling fellowship. 


CHEMISTRY DEPARTMENT, THE UNIVERSITY, 
BIRMINGHAM 15. [Received, February 19th, 1960.] 





760. The Decomposition of Nitramide in Nitrobenzene catalysed 
by Aniline Derivatives. 


By D. D. CALLANDER, W. D. FEeRGuson, G. C. FETTIS, 
and A. F. TROTMAN-DICKENSON. 


Decomposition of nitramide catalysed by primary, secondary, and tertiary 
aniline derivatives in nitrobenzene has been investigated between 10° and 
56°. Activation energies for the catalytic coefficients have been determined. 
The catalytic coefficients at 25° are not simply related to the activation 
energies, but are given by log, A, (25°) (mole? kg. min.) = —3-84 + 
0-67 logy, K, (25°) (mole 1.) where K, is the corrected dissociation constant 
of an aniline derivative. 


THE decomposition of nitramide catalysed by aniline derivatives has been studied over 
a range of temperature in several solvents.* The most detailed studies with several 
bases in anisole * and m-cresol ¢ yielded linear relations of the form E = W + X log k, and 
log A = Y + Z log k, between the Arrhenius parameters for the catalytic coefficients of 
the bases and the coefficients themselves. The values of X and Z were —0-135 and +0-90 
(m-cresol), and —0-62 and 0-55 (anisole) respectively.* When these points were plotted 

* The unit of time is incorrectly stated at several points in ref. 4; the rate constants are in mole™ 
kg. min.~! throughout. 


1 Bell and Caldin, Trans. Faraday Soc., 1951, 47, 50. 

* Caldin and Peacock, Trans. Faraday Soc., 1955, §1, 1217. 

* Fettis, Kerr, McClure, Slater, Steel, and Trotman-Dickenson, J., 1957, 2811. 
* Carnie, Duncan, Kerr, Shannon, Trotman-Dickenson, and White, J., 1959, 3231. 












as 











Te — -_ -—- 2. -— ~~ 3 o2® © 00 424 4@ @ f=, 


— a>, ona en Br 








order 
» the 


erred 
hing, 
cator 
, the 


Ib of 
lepth 
ution 
come 
ation 
f the 
ation 


Lents 
num 


lard, 
tried 


then 
ride 


| the 


ver 


ral 


; of 
90) 
ted 


le? 








heer 





a Soe all 








[1960] Nitrobenzene catalysed by Aniline Derivatives. 3835 


against the logarithms of the dielectric constant (D) of the solvents, lines were obtained 
which at unit dielectric constant gave X = —1-36 and Z=0. These are the values that 
would be expected for a series of reactions with constant A factors. Such series in which 
changes in activation energy are solely responsible for changes in rate constants are usually 
cited in support of theories that interpret free-energy relations in terms of potential-energy 
curves. The principal object of the present work was to obtain values of X and Z for a 
solvent of high dielectric constant. Nitrobenzene was selected because it had the highest 
dielectric constant of any solvent, apart from water, in which the decomposition of 
nitramide had been studied.2, Water was unsuitable because the simplest types of energy 
relation rarely hold for ionic processes in aqueous solution. 


EXPERIMENTAL 


Materials.—Nitrobenzene was dried (P,O;-KOH) and fractionated by distillation at 24 mm. 
from potassium hydroxide. Aniline derivatives were distilled over potassium hydroxide under 
reduced pressure and stored in sealed containers. Nitramide was prepared by the method of 
Marlies, La Mer, and Greenspan. Ethyl carbamate was recrystallised once from benzene to 
remove catalytic impurities of unknown composition.* Ethyl nitrate in a 60% w/w solution in 
ethanol was added during 2 hr. in the preparation of the nitrourethane. The nitramide was 
pure white at the first precipitation. It was not purified further but showed none of 
the irregular behaviour frequently encountered. 

Apparatus and Procedure.—The runs were carried out in reaction vessels similar to Bell and 
Caldin’s,’»? the faster in vessels with taps, the slower in sealed vessels. The vessels were placed 
in a glass-fronted thermostat maintained within 0-02° and were agitated by percussion. 
Reaction mixtures were made up by weight. First, a convenient quantity of catalyst (or 
catalyst solution for the stronger bases) was weighed in a weighing bottle. Nitrobenzene, 
to make approx. 2 g. of mixture, was then added. Finally, either 1 or 2 c.c. of 0-08M-nitramide 
solution was added immediately before the mixture was introduced into the reaction vessel. 

The runs were followed by observing the increase in pressure of the evolved gas. First- 
order plots were drawn, based on the pressure of gas after complete reaction. The lines 
obtained were usually good. They remained straight for about three half-lives, after which 
the points were scattered and tended to indicate too little reaction. 


RESULTS AND DISCUSSION 


The results are summarised in Table 1. The present value of k, for dimethylaniline 
at 25° fits well on the Arrhenius plot found by Caldin and Peacock.? The probable 


TABLE 1. Catalytic coefficients, 10°k, (mole+ kg. min.) (temp. in parentheses). 


Base (10-0°) (250°) (400°) (55-4°) — logyy A__——E (kcal. mole) 
p-C,H,Me'NEt, ............ 1070 3850 on 31,300 10-7 13-8 
p-C,H,Me-NMe, ............ 308 1150 a 12,300 11-0 14-9 
ta cagchasctimcesien —_ 269 — — 10-3 * 14-9 * 
NHPhMe  ..........00.00065 13-3 57-1 am 641 10-3 15-7 
_—Pmereewenzen — 22-1 81-3 239 9-6 15-3 
m-CgH,CI-NH, .....0..00. _ 314 = 118 23-4 6-4 13-3 


All values of &, are means of three or four determinations at base concentrations that differed by 
a factor of at least two and usually considerably more. No dependence of &, on concentration was 
found for any base. P 


* Result of Caldin and Peacock ? who found 1082, = 258 at 25°. 


errors for the activation energies are +0-3 kcal. mole or less. An attempt to study 
catalysis by 3,4-dichloroaniline was unsuccessful. At the lower temperature the reactions 
were very slow, possibly because all the base did not go into solution. Three concordant 


* Marlies, La Mer, and Greenspan, Inorg. Synth., 1939, 1, 68. 
* Ray and Ogg, J. Phys. Chem., 1956, 60, 1460. 
7 (a) Bell and Trotman-Dickenson, J., 1949, 1288; (b) Trotman-Dickenson, /J., 1949, 1293. 
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determinations of k, = 0-00217 mole kg. min.1 were made at 55-4°. This value is fay 
too low in comparison with the other bases, in view of their reJative dissociation constants, 

The catalytic coefficients at 25° obey the Brénsted relation, as can be seen from the Figure 
in which their logarithms are plotted against the logarithms of the dissociation constants 
of the bases in water at 25°° adjusted with the corrections suggested by Trotman. 
Dickenson.” These corrections had to be applied because no measurements of the 
strengths of some of the bases in non-aqueous solvents are recorded. The line corresponds 
to the equation: k, (mole kg. min.) = 0-000145K,°*. These values of G and a are 
compared with those in other solvents in Table 2. There is no correlation with either 
dielectric constant or catalytic coefficient. 





/ 


Plot of —log K, against log k,. 


1, Diethyl-p-toluidine. 2, Dimethyl-p-toluidine. 
3, Dimethylaniline. 4, Methylaniline. 5, Anil- 
ine. 6, m-Chloroaniline. 














-log Ko 


No simple relation exists between log &, (25°) and the log A’s or the activation energies 
for the different bases in nitrobenzene. Apart from the value for m-chloroaniline the 
values of log A are approximately constant but their scatter is too great for significance to 
be attributed to this fact. 

Nitrobenzene may behave differently from anisole and m-cresol as a solvent because 
the reactants are very strongly solvated. Marked colour changes occurred when the 
stronger bases were dissolved in nitrobenzene. The colour of nitramide solutions changed 
as the decomposition progressed. Similar effects were noted by Caldin and Peacock? 
It appears worthwhile to continue the study of the decomposition of nitramide in solvents 
that are less likely to form complexes. 


TABLE 2. Brénsted coefficients for the decomposition of nitramide in various 
solvents at 25°. 


Dielectric 10°G 10°, 
Solvent constant a (mole=! 1. sec.) 

WEE ‘cata hictucecuatdsskucdenioawstes 78-5 —0-75 36 230 
PIII sarc der udenncéandccrtnencies 34-8 — 0-67 2-9 3-6 
MINS sononicdenkni os beloadnapmnasaen 11-8 — 0-84 17 310 
Isopentyl alcohol® .................. 5-7 — 0-92 0-80 36 
BE © Dh dbeddedteledisdititiosin 4:3 — 0-64 1-1 2-3 
BE Sc SIC. sce tenatetdiediwwoseae 2-3 —0-7 1-3 4-6 


The calculation of G is based on pK, (25°) = 5-06 for dimethylaniline in water. 

k, is the catalytic coefficient for dimethylaniline. 

* Brénsted and Pedersen, Z. phys. Chem., 1924, 108, 185; Bell and Wilson, Trans. Faraday Soc., 
1950, 46, 407. * Brénsted, Nicholson, and Delbanco, Z. phys. Chem., 1934, A, 169, 379. ¢ Bronsted 
and Vance, Z. phys. Chem., 1933, A, 168, 240. The value of k, is taken as 17 times that for aniline. 
This factor is derived from the present results and the values of « for the two solvents. 


THE UNIVERSITY, EDINBURGH. [Received, March 15th, 1960.) 


® Hall and Sprinkle, J. Amer. Chem. Soc., 1932, 54, 3469. 
® Bell and Bayles, J., 1952, 1518. 
























St MER 8D 











as <4 e635 


i a ir 









1idine, 
Anil- 


Tgies 
e the 
ice to 


Sause 
1 the 
inged 
‘ock.2 
vents 





ot SIME Leo 











(1960) Benn and Jones. 3837 


761. (Glycosylureas. Part I. Preparation and Some Reactions of 
D-Glucosylureas and D-Ribosylureas. 


By M. H. Benn and A, S. JoNEs. 


N-$-p-Glucopyranosyl- and NWN’-di-8-p-glucopyranosyl-urea were pre- 
pared by the acid-catalysed condensation of D-glucose with urea; D-ribose 
gave N-p-ribopyranosyl-, N-p-ribofuranosyl-, and various NWN’-di-p- 
ribosyl-ureas. The monoglycosylureas are rapidly degraded to the sugar by 
nitrous acid in N-sulphuric acid at 0°, but hydrolysis by N-sulphuric acid 
alone is very slow. Alkaline degradation of the glycosylureas to sugar is 
effected but is complex. No evidence of Amadori or Lobry de Bruyn- 
van Eckenstein rearrangements was found. 


GLYCOSYLUREAS (ureido-sugars) are of interest as potential intermediates in the synthesis ! 
and degradation 3 of nucleosides, nucleotides, and nucleic acids. D-Glucosylurea was 
first obtained by Schoorl £ on acid-catalysed condensation of D-glucose with urea; his poor 
yield was later improved by others.® It has also been produced by the action of aqueous 
ammonia on 2,3,4,6-tetra-O-acetyl-p-glucopyranosyl isocyanate.® 

The present investigation on the condensation of D-glucose with urea under a variety of 
conditions has shown that N-8-p-glucopyranosyl- (I) and NN’-di-8-p-glucopyranosyl-urea 
(II) are formed, the former being the major product when >+1 mol. of glucose was used in 
5°, aqueous sulphuric acid, and the diglucosylurea (II) when 2 mol. were used. It has 
already been shown ? that the diglucosylurea (II) is the NN’- and not the NN-compound. 


HO-CH, HO-CH, CH,:OH 
A— ©. NH-CO-NH; ©. NH-CO-HN 
OH OH HO 
Ley, HO OH 
(I) OH OH OH (II) 


N-p-Glucosyl- (I) and NN’-di-p-glucosyl-urea (II), when oxidised with sodium meta- 
periodate in aqueous unbuffered solution at 4° in the dark, consumed 2 and 4 mols. of 
periodate respectively. Neither N-formyl- nor N-2-hydroxyethyl-urea consumed 
periodate under these conditions. These results are in accord with the reported stability 
to periodate oxidation of the -CH(OH)*CH,*NH-COR system in acylserine derivatives ® 
and the consumption of 2 mol. of periodate by N-acetyl-p-glucopyranosylamine,® and they 


"indicate that the glucosylureas are not in the acyclic form proposed by Schoorl.4 Evidence 


from synthetic studies! strongly suggests that the ring in N-p-glucosylurea is pyranose 
and that the glycosidic linkage is 8. In NN’-di-p-glucosylurea the structure appears 
to be similar.’ 

N-$-p-Glucosylurea was slowly hydrolysed by dilute sulphuric acid at 0° to D-glucose. 
Dilute nitrous acid at 0° rapidly converted the glucosylurea into D-glucose and 
similarly converted 2,3,4,6-tetra-O-acetyl-p-glucopyranosylurea to 2,3,4,6-tetra-O-acetyl- 
glucopyranose. No evidence of an Amadori rearrangement to a fructosylurea was found, 
although N-p-glucosylglycine undergoes acid-catalysed irreversible rearrangement to 


? Goodman, Adv. Carbohydrate Chem., 1958, 18, 215. 

? Cohn and Doherty, J. Amer. Chem. Soc., 1956, 78, 2863. 

* Bayley and Jones, Trans. Faraday Soc., 1959, 55, 492. 

* Schoorl, Rec. Trav. chim., 1903, 22, 31. 

5 Helferich and Kosche, Ber., 1926, 59, 69; Hynd, Biochem. j., 1926, 205; B.P. 653,775/1951. 
* Fischer, Ber., 1914, 47, 1389. 

? Johnson and Bergmann, J. Amer. Chem. Soc., 1932, 54, 3360. 

§ Posternak and Pollaczek, Helv. Chim. Acta, 1941, 24, 1190. 

® Nieman and Hays, J. Amer. Chem. Soc., 1940, 62, 2960. 
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N-p-fructosylglycine.” The failure of the glucosylurea to undergo an Amadori rearrange. 
ment may be due to the low basicity of the substituted nitrogen atom, to which, in the 
first step of the accepted mechanism for the rearrangement," a proton becomes attached— 
the very weakly basic N-acetyl-p-glucosylamine also does not undergo this rearrangement.” 

Schoorl * observed that boiling barium hydroxide solution decomposed N-$-p-gluco- 
pyranosylurea with the evolution of ammonia. At lower temperatures, however, a more 
subtle change took place in which the optical rotation of the reaction mixture fell slowly to 
a constant value; unchanged N-§-p-glucopyranosylurea, and a syrup which Schoorl 
suggested was a mixture of hexosylureas formed by a Lobry de Bruyn—van Eckenstein 
rearrangement were then recovered. We found that at 37° the optical rotation was 
unchanged at pH 9, and only very slightly changed at pH 11, but was markedly changed 
after 3 days in N-sodium hydroxide. In the last case paper chromatography showed that 
most of the glucosylurea was unaltered but that small amounts of D-glucose, urea, and 
unidentified products were present. Treatment of the reaction mixture with nitrous acid 
gave D-glucose and a small amount of an unidentified component, but no D-mannose or 
D-fructose. There was, therefore, no evidence of the occurrence of a Lobry de Bruyn- 
van Eckenstein rearrangement. The change in optical rotation may have been due to the 
production of D-glucose which is then further degraded by the alkali to acidic products. 
After 3 weeks’ treatment with N-sodium hydroxide at 37° much unchanged glucosylurea 
was still present, but an appreciable amount of glucose, some urea, and a number of un- 
identified products were also formed. 

Condensation of D-ribose with urea under the conditions used for the preparation of 
N-$-p-glucopyranosylurea gave a product which was shown by paper chromatography to 
contain, in addition to urea and p-ribose, three slow-moving (A, B, and C) and two fast- 
moving (D and E) compounds. Column chromatography on charcoal—Celite afforded 
chromatographically pure (D) and almost pure (E), but compounds (A), (B), and (C) were 
not separated from each other. Compounds (D) and (E) gave correct analyses for p- 
ribosylurea, were rapidly degraded to p-ribose by nitrous acid, and on 48 hours’ treatment 
at 4° in the dark consumed 2-2 and 1-4 mol. respectively of periodate. This indicated 
that compound (D) was N-p-ribopyranosylurea (III), and that compound (E) was probably 
N-p-ribofuranosylurea (IV). The rather high periodate uptake of the latter could be 
ascribed to over-oxidation, as observed ! with glucosylureas at 25°, or to isomerisation to 
the pyranosyl form under the acidic conditions of the oxidation. The latter explanation 
seemed probable since in dilute acid at 0° hydrolysis of these ureas to D-ribose was slow 
but some of compound (E) was converted into (D). The structural assignments are 


fe) HO-CH, oO 


H, NH:CO-NH, H, NH: CO-NH, 
HO 
HO OH (III) HO OH (IV) 


supported by the relative optical rotations and mobility on paper chromatograms, because 
in the D-ribose series furanosyl compounds have the higher rotations and travel the 
faster in certain solvent systems. It appeared that compounds (A), (B), and (C) were 
NN'-di-p-ribosylureas because the reaction of 2 mols. of p-ribose with urea gave a 
crystalline product, giving correct analyses for diribosylurea and shown by paper chrom- 
atography to contain these three compounds. This mixture consumed 3-8 mol. of 


1 Anet, Austral. J. Chem., 1957, 10, 193. 

11 Isbell, Ann. Rev. Biochem., 1948, 12, 205. 
12 Mitts and Hixon, J. Amer. Chem. Soc., 1944, 66, 483. 

18 Nef, Annalen, 1910, 376, 1. 

4 Chargaff and Davidson, “‘ Nucleic Acids,’ Vol. I, Academic Press, New York, 1955, p. 65. 
8 Isherwood and Jermyn, Biochem. J., 1951, 48, 515. 
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riodate in 48 hr. at 4° in the dark, so that when over-oxidation is taken into account 
the presence of both pyranose and furanose isomers can be assumed. . 
Both N-p-ribopyranosy]- and N-p-ribofuranosyl-urea were stable at pH 9 at 37°, but 
in 0-2N-barium hydroxide at 37° slow hydrolysis to D-ribose took place. 


EXPERIMENTAL 


Paper Chromatography.—Descending chromatograms were run on Whatman No. | paper in 
butan-l-ol-ethanol—-water (4: 1:5) for 48 hr. (system I) or in butan-l-ol-acetic acid—water 
(4:1: 5) for 60 hr. for glucose derivatives or 36 hr. for ribose derivatives (system II). The 
spots were located with silver nitrate 16 or aniline hydrogen phthalate,!” and their motion 

‘relative to glucose (Rg) measured. With silver nitrate the glycosylureas appeared first as 
a white spot which quickly developed a brown halo, and with aniline hydrogen phthalate 
glucosylurea gave a brown spot and ribosylurea a reddish spot. 

N-8-p-Glucopyranosylurea.—This compound was prepared by the four published 
procedures.*5 In all cases the product had m. p. 206—208° (decomp.), [a],** —22° (c 2 in H,O) 
and on paper chromatography (system II) gave two spots of Rg 0-14 and 0-63, the latter being the 
more intense. Fractional crystallisation failed to remove the slower component (later identified 
as a diglucosylurea). Hynd’s procedure ® gave the best yield of almost pure N-f-p-gluco- 
pyranosylurea, and chromatographically pure material was obtained from this product by 
chromatography on a charcoal—Celite column.4* The following procedure, however, has the 
advantage of requiring a shorter reaction time. : 

p-Glucose hydrate (10 g.) and urea (10 g.) in 5% aqueous sulphuric acid (5 ml.) were stirred 
at 70° for 18 hr. More 5% aqueous sulphuric acid (5 ml.) was added and reaction continued for 
a further 24 hr. The mixture was cooled and the crystals which were formed were triturated 
with methanol, filtered off, and air-dried, to give crude N-$-p-glucopyranosylurea—urea complex 
(10-2 g.), m. p. 160—170° (lit.,5 m. p. 171—172°). The ground complex (5 g.) was extracted 
six times with boiling methanol (15 ml.), to give N-8-p-glucopyranosylurea (3-5 g.), m. p. 204— 
205°. An aqueous solution (15 ml.) of this product (1-6 g.) was placed on charcoal—Celite 
(30cm. x 15-9cm.*) and the column eluted with water. Fractions of 25 ml. were collected and 
small portions (0-75 ml.) tested with Dreywood’s reagent.!® Positive tests were given by 
fractions 19—40, which were combined and freeze-dried to give chromatographically pure 
N-$-p-glucopyranosylurea (1-03 g.), Rg 0-63 (system II); when crystallised from aqueous 
ethanol this had m. p. 208—209°, [a],¥*5 —22° (c 2 in H,O). Further elution of the column 
with 6% aqueous ethanol gave a second group of fractions which were combined and freeze- 
dried to give chromatographically pure NN’-di-8-p-glucopyranosylurea (0-09 g.), Rq 0-14 
(system II), which when crystallised from aqueous methanol had m. p. >300° (decomp.), {a],,” 
— 33° (c 2 in H,O). 

NN’-Di-§-p-glucopyranosylurea.—p-Glucose hydrate (35 g.) and urea (5 g.) in 5% aqueous 
sulphuric acid (20 ml.) were stirred at 70° for 18 hr. The mixture was cooled, diluted with 
water (20 ml.), neutralised with barium carbonate, decolorised with charcoal, and concentrated 
under reduced pressure to an oil which crystallised when extracted with boiling methanol. 
The crystals (16 g.) were recrystallised twice by dissolving them in hot water and adding two 
volumes of hot methanol. On cooling, chromatographically pure NN’-di-6-p-glucopyrano- 
sylurea, m. p. 345° (decomp.), [a],!*5 —34° (c 2 in H,O), Rg 0-15 (system II), was obtained 
(Found: C, 40-7; H, 6-5; N, 7-2. Calc. for C,,H,,N,O,,: C, 40-6; H, 63; N, 7:3%). 

D-Ribosylureas.—pD-Ribose (3 g.) and urea (3 g.) in 5% aqueous sulphuric acid (2 ml.) were 
stirred at 60° for 18 hr. The cooled mixture was diluted with water (3 ml.), neutralised with 
barium carbonate, decolorised with charcoal, and concentrated under reduced pressure at <45° 
to a syrup (4-2 g.) which did not crystallise. Paper chromatography of this product (system I) 
showed the presence of five compounds in addition to ribose and urea, with the following Rg 
values and colours with the silver nitrate spray reagent: A, 0-25, brown; B, 0-34, brown; 
C, 0-46, brown; D, 0-91, white with brown halo; E, 1-26, white with brown halo. The syrup 


16 Trevelyan, Procter, and Harrison, Nature, 1950, 166, 444. 
” Partridge, Nature, 1949, 164, 443. 
Pe Whistler and Durso, J. Amer. Chem. Soc., 1950, 72, 677; Barker, Bourne, and Theander, J., 1955, 


® Morris, Science, 1948, 107, 254; Dreywood, Ind. Eng. Chem. Analyt., 1946, 18, 499. 
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(2-5 g.) was fractionated by column chromatography on charcoal—Celite as described above. 
25 ml. fractions were collected, the first 100 being of water, and the next 50 of water—cthano| 
(92:8). Fractions 41—50 contained compound D (0-351 g.), fractions 51—60 contained com. 
pound D and a little compound E (0-270 g.), fractions 61—70 contained almost pure E (0-185 8g), 
and fractions 99—150 contained A, B, and C (0-637 g.) with traces of D and E. Compound D 
was isolated as an amorphous solid (0-351 g.) which was identified as N-p-ribopyranosylureg 
(Found: C, 37-4; H, 6-3; N, 14:75. C,H,,.N,O; requires C, 37-5; H, 6-3; N, 14-6%), (a, 
—27° (c 2 in H,O). The almost pure compound E was isolated similarly and identified as 
N-p-ribofuranosylurea (Found: N, 14:2%), [a],,?* +24° (c 2 in H,O). 

Di-N-ribosylureas.—pD-Ribose (0-85 g.) and urea (0-165 g.) in 8% aqueous sulphuric acid 
(0-5 ml.) were heated at 50° for 24 hr. The cooled mixture was diluted with water (5 ml), 
neutralised with barium carbonate, decolorised with charcoal, and freeze-dried. The residue 
was dissolved in hot water (2 ml.), and hot methanol (20 ml.) was added. The crystals which 
separated (0-29 g.) were recrystallised from aqueous methanol to give prisms of di-N-ribosylurea, 
m. p. 249° (decomp. from 235°), {a],?® —35° (c 2 in H,O) (Found: C, 40-5; H, 6-25; N, 8-35. 
Calc. for Cy,HygN,O0,: C, 40-75; H, 6-2; N, 86%). Paper chromatography (systems I and II) 
showed the presence of compound A, B, and C in this mixture. 

Periodate Oxidations.—These were carried out in the dark at 4° by Fleury and Lange's 
method.” After 72 hr., N-8-p-glucopyranosyl- and NN’-di-8-p-glucopyranosyl-urea consumed 
1-98 and 4-03 mols. of periodate respectively. At 20—25° there was considerable over-oxid- 
ation. At 4° N-formyl- *! and N-2-hydroxyethyl-urea 2 did not react with periodate. N- 
Ribopyranosylurea (D), N-ribofuranosylurea (E), and diribosylureas (A, B, and C) took up 2:2, 
1-4, and 3-8 mols. of periodate respectively in 48 hr. 

Reactions with Nitrous Acid.—(a) A solution of N-f-p-glucopyranosylurea (200 mg.) in ice- 
cold n-sulphuric acid (5 ml.) was divided into two equal portions. To one was added sodium 
nitrite (100 mg.). Both portions were left at 0° and at intervals samples were removed and 
examined by paper chromatography (system II). In the solution containing sodium nitrite all 
the glucosylurea had been converted into glucose in 4 hr. In the other, hydrolysis was very 
slow and only became apparent after 24 hr. In neither case was fructose detected. Similar 
treatment of N-(2,3,4,6-tetra-O-acetyl-8-p-glucopyranosyl)urea with nitrous acid gave 2,3,4,6- 
tetra-O-acetylglucopyranose; treatment with N-sulphuric acid at 0° for 24 hr. resulted in only 
slight hydrolysis. 

(b) A solution of N-ribopyranosylurea (compound D; 50 mg.) in ice-cold 0-1N-hydrochloric 
acid (6-25 ml.) containing potassium nitrite (150 mg.) was set aside at 3°. At intervals, samples 
(1 ml.) were withdrawn, neutralised with barium carbonate, and examined by paper chrom- 
atography (system II). After 4 hr. the ribosylurea had been completely converted into ribose. 
In absence of the potassium nitrite hydrolysis was incomplete after 48 hr. Similar results were 
obtained when compound E (N-ribofuranosylurea) was examined by the same procedure, but 
a spot due to compound D also appeared on the chromatograms of both nitrite and non-nitrite 
treated solutions. 

Effect of Alkalis——(a) Aqueous 2% solutions of N-8-p-glucopyranosylurea in (i) sodium 
hydrogen carbonate (pH 9), (ii) sodium carbonate (pH 11), and (iii) N-sodium hydroxide were 
left at 37° and at intervals examined in the polarimeter. The results are tabulated. 


Hours 0 1 2 4 7 12 24 48 72 
(i), [a]}p% ......... —22° —22° ae am —23° ani —29° -—2929° —39° 
(ii), [a}p®® ...... —22° —22° —29° ~_ — ae -— -9s - 
(iii), [a]p® ...... —23° —16° ee —1 -° -10° +97 -—9s° -—6¢ 


After 72 hr., the mixtures were neutralised and examined by paper chromatography 
(system II). Mixtures (i) and (ii) contained only glucosylurea, and mixture (iii) contained in 
addition a little glucose, urea, and unidentified products. After 3 weeks at 37°, mixture (iii) 
still contained unchanged glucosylurea and some glucose, urea, and unidentified products. 
After 72 hr. at 37° a portion of mixture (iii) was acidified, cooled to 0°, and treated with sodium 
nitrite for 4 hr. On neutralisation and examination by paper chromatography (system II), 


20 Fleury and Lange, J. Pharm. Chim., 1933, 17, 107. 
#1 Maynert and Washburn, J. Org. Chem., 1950, 15, 259. 
*2 Charlton and Day, J. Org. Chem., 1937, 1, 552. 
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glucose and a small amount of an unidentified component (Rg 1:32; white spot with the silver 
nitrate spray) were detected. 

(b) Aqueous 2% solutions of N-p-ribopyranosyl- (compound D) and N-p-ribofuranosyl-urea 
(compound E) in (i) sodium hydrogen carbonate (pH 9) and (ii) 0-2N-barium hydroxide were left 
at 37°. At intervals up to 72 hr., portions were withdrawn, cooled, made faintly acidic with 
dilute sulphuric acid, neutralised with barium carbonate, and examined by paper chrom- 
atography (system I). At pH 9 there was no apparent degradation or isomerisation, but in 
0-2n-barium hydroxide slow hydrolysis to ribose took place. Some isomerisation of com- 
pound (E) to (D) was also apparent. 


The authors thank Professor M. Stacey, F.R.S., for his interest, and Mr. G. W. Ross, B.Sc., 
for experimental assistance. 
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762. A Study of the NH Stretching Bands and the Conformations 
of Some Amine Complexes of Platinum(t1). 


By L. A. DuncAnson and L. M. VENANZI. 


The NH stretching bands of trans-[L,R*NH,,PtCl,] (I; L = C,H,, PEts, 
R = Me, Et, Pri, Bu‘) have been recorded, and differences between them and 
between reported +? spectra for the analogues (I; R = p-MeC,H,) have 
been interpreted in terms of conformational changes which arise from 
restricted rotation of the amine about the Pt-N bond. The results indicate 
that the potential barriers responsible for this rotational isomerism originate 
from (i) steric repulsion between R and the chlorine atoms, (ii) intermolecular 
hydrogen-bonding, and (iii) interaction similar to an intramolecular hydrogen 
bond, or proton screening, between N-hydrogen atoms and the non-bonding 
d-electrons of the metal. A combination of factors (i) and (iii) explains 
why complexes of the type trans-[L,RR’NH,PtCl,] show little, if any, 
tendency to form intermolecular hydrogen bonds.* The frequencies of the 
NH stretching bands of monomeric (I) decrease in the order R = Me > 
primary alkyl > secondary alkyl > tertiary alkyl. 


INFRARED spectra have shown 2 that complexes ¢rans-[L,am,PtCl,] (I; L = uncharged 
ligand, am = amine) of primary amines have a strong tendency to associate through 
intermolecular hydrogen bonds, but that those of secondary aliphatic amines have little, 
if any, such tendency. This is true whether the electron-donor for hydrogen-bond 
formation is another molecule of the complex itself (7.e., giving N-H---Cl bonds) or a 
solvent molecule such as dioxan (i.e., giving N-H---O bonds). Also the relative intensities 
of the NH stretching bands of associated primary amine complexes differ characteristically 
according to whether the co-ordinated amine is aliphatic or aromatic.? For instance, 
Figs. 4 and 5 of reference 2 show that associated molecules of (I; am = primary amine) 
have three broad NH stretching bands. The relative intensity of the highest-frequency 
band of these three is greater when the amine is aliphatic than when it is aromatic. The 
gain in intensity of the highest-frequency band appears to be achieved predominantly at 
the expense of the intensity of the lowest-frequency band. A suggested explanation ? of 
this difference between aromatic and aliphatic primary amine complexes postulates 
rotational isomerism due to restricted intramolecular rotation of the amine about the 
Pt-N bond as axis, and requires that in intermoleculariy hydrogen-bonded complexes 
trans-[L,R*NH,,PtCl,] the conformation of the amine relative to the plane of the complex 
is sensitive to the size of the hydrocarbon group R. Thus when R is the comparatively 


? Chatt, Duncanson, and Venanzi, J., 1955, 4461. 
* Chatt, Duncanson, and Venanzi, J., 1956, 2712. 
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flat phenyl group the N-R bond can more easily lie in the plane of the complex (i.e., R, Cl 
eclipsed) than when R is alkyl. This implies further that the eclipsed conformation js 
stabilised by stronger intermolecular hydrogen bonds than can be formed by molecules in 


other conformations. 


This communication records new data relevant to this rotational isomerism theory 


Fic. la. 











Fic. 10. 

















8or 
60+ 
w 
» 4Or 
= 
“ 
¢ 
2 
S& 20} 
fe) — l A. 1 j 
3400 3300 3200 3400 3300 3200 
Wave number (cm”’) 
trans-[PEt,, Bu“NHy,, PtCl,] trans-[PEt,,Me-NH,,PtCl,] 
0-0978m in CCl, : 0-0928m in CCl, 
— ——-— 0-00958m in CCl, — — —— 0-00858m in CCl, 
80}- ; 
Ai 
hl 
u 
60;- 











Intensity € 
a 
°o 
1 








¢ 


\ 
° 
T 











3300 3200 
Wave number (cm=! ) 


Fie. 2. 
trans-(C,H,,Et-NH,,PtCl,] 
(0-00994m in CCl,) 

— -—--trans-[(C,H,, Bu*NH,, PtCl,] 
(0-00940m in CCl,) 
(curve displaced 13 cm.“ to higher 
frequency) 





and extends the theory to explain why secondary differ from primary aliphatic amine 
complexes by not undergoing association through intermolecular hydrogen bonds. 

The NH stretching bands of solutions of trans-[L,R*NH,,PtCl,] (L = C,H,, PEt, 
R = Me, Et, Pr’, Bu‘) in carbon tetrachloride and carbon tetrachloride-dioxan have been 


measured, and differences between them correlated with the bulkiness of R. These 
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measurements have incidentally provided data which show that the effects of different 
alkyl groups R upon the NH stretching frequencies of the complexes are dependent only 
upon the substitution pattern at the carbon atom attached directly to the nitrogen atom. 


Observations of the NH stretching bands of amine complexes of platinum which we have 
reported in this and previous papers’? can be roughly classified under two headings 
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according as they concern steric‘or electronic effects. Steric effects cause changes in the 
general form of the NH stretching bands of the complexes (i.e., the relative intensities and the 
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the bands are altered by steric effects); electronic effects only cause changes in the 
and absolute intensities of the bands. However, this classification, although 
for discussion, is somewhat arbitrary, because steric effects become intimately 
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connected with electronic effects when the réle played by non-bonding electrons of the meta] 
atom is considered. 

Steric Effects of Bulky Alkyl Growps.—One effect of increasing the bulkiness of the alky] 
group (R) in trans-[L,R-NH,,PtCl,] is to reduce the amount of association through inter- 
molecular hydrogen bonds. Fig. 1 (@ and b) for trans-[PEt,,R-NH,,PtCl,] (R = Me and But 
shows that, at comparable concentrations, the intensities of bands due to associated molecules 
(B, D, and F) are greater when R = Me than when R = Buv*, i.e., demonstrates steric hindrance 
of the amino-group by the bulky alkyl group. The same steric effect is observed in the 
presence of a large excess of dioxan. Another correlation between the bulkiness of the alky| 
group (R) and the NH stretching bands of associated amine complexes is shown in Fig. 2, where 
the spectra of trans-[(C,H,,R*NH,,PtCl,] (R = Et and But) have been superimposed. The 
spectrum of the ethylamine complex includes four bands (B, D, E, and F) due to associated 
molecules, as required by our original hypothesis,* although two of them (D and E) are only 
just resolvable. The spectrum of the t-butylamine complex has, on the other hand, only three 
bands due to associated molecules: B, F, and one other which may consist of bands D and E 
unresolved. The bands D and E for the complex trans-[PEt,,R-NH,,PtCl,] are not resolvable 
except when R = Pr! (see Table 2), but it is noteworthy that dilution of its solutions in 
carbon tetrachloride shifts the lowest-frequency bands (F) significantly to longer wavelengths 
(Fig. 1), suggesting that F is made up of two, nearly overlapping, bands. 

In none of the solutions of aliphatic amine complexes in a carbon tetrachloride—dioxan 
mixture could the bands D and E be resolved and, the case of trans-[C,H,, PriNH,,PtCl,] 
illustrated in Fig. 3a being taken as typical, it seems that this may be due to a diminution in 
intensity of band E relative to band D in this solvent mixture. It is also possible that the 
bands are closer in frequency and unresolved under these conditions. A further observation 
is pertinent to the subsequent interpretation of these spectra, namely, that changing the ligand 
(L) in trans-[L,R*-NH,,PtCl,] from PEt, to C,H, causes an increase in the intensity of band F 
relative to D, E as is shown most clearly by comparison of the dotted line curves in Figs, 
3a and 3b. 

The NH stretching bands of the primary arylamine complex trans-[PBu",,0-toluidine,PtCl,] 
are shown in Fig. 4. This compound, and its o-iodoaniline analogue, are the only two primary 
amine complexes investigated which exhibit more than two NH stretching bands due to 
monomers. Thus, in the o-toluidine complex the band (A) due to the antisymmetric NH, 
stretching mode is split into two components, at 3352 and 3339 cm.“}, and the band (C) (3273 
cm.) due to the corresponding in-phase vibration is fairly broad and may consist of two, 
unresolved components. The remaining four bands (B, D, E, and F) are due to associated 
molecules and are all easily resolvable in the carbon tetrachloride—dioxan solvent. 

The effects of changing R upon the NH stretching frequencies of the complexes trans- 
[L,R*NH,,PtCl,) (L = C,H,, PEt,; R = Me, Et, Pr®, Pr’, But, Bu", Bui, Bu’) are shown in 
Tables 1 and 2. For a given ligand (L), the NH stretching frequencies of the monomeric 
complexes decrease in the order R = Me > n-alkyl > s-alkyl > t-alkyl. It should be noted 
that this sequence is not always followed by the bands due to associated molecules in solution, 
the sequence being R = Me > n-alkyl > t-alkyl > s-alkyl, both in pure carbon tetrachloride 
and in carbon tetrachloride—dioxan. 


DISCUSSION 

To explain the above observations we assume that the complexes undergo rotational 
isomerism, the Pt-N bond being the axis of intramolecular rotation concerned. This 
presupposes that intramolecular rotation of the amine about the Pt-N axis is restricted to 
some extent, and we must now consider the possible factors which contribute to the 
hindering potential. 

Factors hindering Intramolecular Rotation of the Amine.—There appear four possibilities, 
namely, (i) steric repulsion between the groups attached to the nitrogen atom and the 
chlorine atoms in cis-positions to the amine, (ii) intermolecular hydrogen-bond formation, 
(iii) double bonding between the co-ordinated nitrogen atom and the platinum atom, and 
(iv) an intramolecular hydrogen-bond type of interaction between the N-hydrogen atoms 
and the non-bonding 5d-electrons of the platinum atom. These factors will be discussed 
for each class of amine complex. 
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The conformations of primary amine complexes have already been discussed to some 
extent 2 but we can now draw some firmer conclusions about their relative stabilities. 
So far as associated molecules are concerned, we conclude that the intermolecular hydrogen 
bonds tend to hold the molecules in the R,Cl eclipsed conformation (Fig. 5a), whereas the 


TABLE 1. NH stretching frequencies (cm.“) of the compounds 
trans-|C,H,,NH,R,PtCl,]. 


Solutions Solutions 
in CCl,- in CCl,— 
Solutions in CCl, C,H,O, Solid Solutions in CCl, C,H,O, Solid 
Bands due to: Bands due to: 
R monomer associated molecules R monomer associated molecules 
Me... 3334 3307 3307 3261 Pr'... 3313 3273 3274 3257 
ons 3230(sh) 3234 3218 3215(sh) 3213 3208 
3276 { 3010 3141 3147 3252 { 3195 3126 3114w 
3133 3120 
Et... 3322 3289 3289 3259 Bu... 3324 3294 3260 
ste 3220(sh) 3223-3221 3220(sh) ni. 3206 
3263 { 3904 3132  3135w 3267 { 3197 3127 
3124 3124 
Bu*... 3322 3290 3243 Bu‘... 3313 3274 3257 
wt 3220(sh) n.i.* 3198 3215(sh) ni. £ 3231 
3264 { 3904 3105vw 3251 { 3195 { 3218(sh) 
3124 3119 3183 
3113 
But... 3309 3284 3282 3235 
3249 3207 3211 3205 
3116 3125 3123 


(sh) = shoulder on the side of the other band contained in the long bracket. 

For the solid state w (= weak) and vw (= very weak) refer to the relative intensities. Other 
bands are of moderate to strong intensity. 

* n.i. = not investigated. 


steric repulsions oppose this effect, being at a minimum when the N-R bond lies in a plane 
at right angles to that of the complex (Fig. 5b). The resultant of these effects naturally 
depends upon their individual magnitudes. The intermolecular hydrogen bonding 
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Diagram illustrating some possible conformations of amine complexes of platinum(i). In each case the 
heavy horizontal line represents the plane of the complex, and only those configurations in which the 
PtNR or PtNH bonds lie in planes making angles of 0°, 30°, 60°, and 90° with the plane of the complex 
are drawn. a—d, primary amine complexes; e—g, secondary amine complexes; h and k, 0-toluidine 
complexes; 1, regions of high d-electron density of the metal atom available for intramolecular hydrogen- 
bond type of interaction with the N-hydrogen atoms. 


presumably exerts a predominating influence in primary aromatic amine complexes, steric 
repulsion being more important in primary aliphatic amine complexes containing bulky 
alkyl groups (R). This is indicated by the changes in the relative intensities of the bands 


due to associated molecules of trans-[L,R*-NH,,PtCl,] as the bulkiness of R increases. 
6H 
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Thus when R = phenyl there are two strong bands due to associated molecules (e.g., D and 
E in Fig. 4 of ref. 2) and only a weak third band (ibid., B). It is assumed that the two 
strong bands are largely due to associated molecules in the R,Cl eclipsed conformation 
(Fig. 5a). When R = Et, four bands due to associated molecules are apparent (Fig. 2: 
B, D, and F) and ultimately when R = t-butyl three remain (Fig. 2; B, D, and F),* these 
last being attributable to associated molecules in conformations other than the R,C] 
eclipsed one (i.e., Fig. 5, 6, c, and d). Of the latter conformations, that represented by 
Fig. 56 will suffer the least steric repulsions but those represented by Fig. 5c and d may 
be stabilised by intramolecular hydrogen bonding (factor iv, above). It is not clear how 
great is the influence of the intramolecular hydrogen-bond type of interaction in deter- 
mining the relative stabilities of conformations of these complexes but it may exert a 
deciding effect when the opposing influences of steric repulsion and intermolecular 
hydrogen bonding are closely balanced. 

The situation arising when factor (ii) above (.e., intermolecular hydrogen bonding) 
does not occur must also be considered; i.e., what are the most stable conformations of 
the monomeric primary amine complexes? It is in connection with this question that the 
spectrum of trans-[PBu®,,0-toluidine,PtCl,] (Fig. 4) is of most interest. If it is assumed 
that steric repulsions usually outweigh the effect of the intramolecular hydrogen-bond type 
of interaction between the NH group and the metal, then the configuration in which the 
N-R bond lies in a plane perpendicular to that of the complex (Fig. 50) will be the most 
stable irrespective of whether R is alkyl or aryl. This, however, will not necessarily be so 
when R is an unsymmetrical group such as o-Me*C,H,, and steric repulsion will, in this 
case, tend to decrease the stability of the conformation in which the N-R bond lies in a 
plane perpendicular to that of the complex (Fig. 5: this is because the ortho-substituent 
would find itself directly against one of the chlorine atoms bound to the platinum) relative 
to those in which an N-H bond lies respectively in planes parallel and perpendicular to 
that of the complex (Fig. 5, A and k). This means ‘that the group R = o-Me-C,H, is 
tending to stabilise the two conformations in which an N-H bond can interact most strongly 
with the non-bonding d-electrons of the metal. As these two conformations are not 
equivalent to each other (and probably even more so when L is a ligand of good x-bonding 
ability such as PBu®,) we can understand how a solution containing both of them exhibits 
more than two NH stretching bands due to monomeric molecules. The effect is even 
more apparent in the spectrum of tvans-[PBu®,,0-iodoaniline,PtCl,] (Fig. 4) where the band 
due to the antisymmetric NH, stretching mode is split into two components, 25 cm.7 
apart, of markedly different intensities. On the basis of the above arguments, the 
difference between the intensity ratios of these two components as the size of the ortho- 
substituent is altered (i.e., from Me to I) may indicate a change in the relative equilibrium 
concentrations of the two rotational isomers represented in Fig. 5, and k. The two weak 
bands in the spectrum of the o-iodoaniline complex at 3482 and 3385 cm.* are due toa 
small amount of free amine produced by dissociation in solution. We conclude that the 
energetically preferred conformations of monomeric primary amine complexes are usually 
those in which minimal steric repulsions are attained. 

The preferred conformations of secondary amine complexes of the general type érans- 
[L,RR’NH,PtCl,] (R = alkyl; R’ = alkyl or aryl) are primarily determined by steric 
repulsion between the hydrocarbon groups and the chlorine atoms. This is to be expected 
as (a) there are now two hydrocarbon groups attached to the nitrogen atom and (b) inter- 
molecular hydrogen bonding seems to play little part in the behaviour of the complexes. 


* At this point we must modify our original interpretation * of the bands due to associated molecules 
because band F does not disappear concurrently with band E but merely becomes much weaker. The 
concentration-dependence of the frequency of band F in some of these complexes (cf. Fig. 1) suggests 
that it is multiple and that its components originate from more than one conformation of associated 
molecules. Its decrease in intensity as the bulkiness of R increases is hence caused by the disappearance 
of one of its components, namely, that originating from molecules in the R,Cl eclipsed conformation. 
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When R = R’, both being alkyl, steric repulsions between them and the chlorine atoms 
will be least when projections of the two N-R bonds on to a plane through the two chlorine 
atoms, and perpendicular to the plane of the complex, make angles of approximately 60° 
with the Pt-Cl bonds (Fig. 5e). This steric effect puts the NH bond into the plane of the 
complex (i.e., in the plane of the non-bonding d,,-orbital) and interaction between the 
N-hydrogen atoms and the d-electrons can occur most favourably. The next most stable 
staggered conformation is that obtained by rotation of the amine about the Pt-N axis 
through 90° (Fig. 5f), and here the N-H bond lies in the plane of the d,,-orbital with which, 
again, a hydrogen-bond type of interaction can occur. Now in both these conformations, 
which are the most stable from the point of view of steric repulsions, conditions are 
favourable for maximal interaction between the non-bonding 5d-electrons of the metal 
atom and the N-hydrogen atom. We therefore infer that these complexes show little 
tendency to form intermolecular hydrogen bonds because the N-hydrogen atoms participate 
in an intramolecular hydrogen-bond type of interaction. In other words, factors (i) 
(steric repulsion) and (iv) (proton screening) co-operate to prevent the operation of factor 
(ii) (intermolecular hydrogen-bonding). This situation cannot, of course, arise in primary 
amine complexes because in such cases, even if the conformation is such that one N-H 
bond lies eclipsed to a non-bonding d-orbital of the platinum atom (e.g., Fig. 5, 4 and k), 
the second N-H bond must lie near one of the minima of d-electron density. 

The behaviour of trans-[PPr®,,NHPhMe,PtCl,] shows that the intramolecular hydrogen- 
bond type of interaction is in itself not sufficiently strong to prevent intermolecular 
association completely. This compound, while showing little if any tendency towards 
self-association through N-H---Cl bonds, does form intermolecular hydrogen bonds in 
the presence of a large excess of dioxan. The inference from this is that, when the 
stimulus for intermolecular hydrogen-bond formation is sufficiently strong, intramolecular 
rotation can occur so that the flat phenyl group lies eclipsed to a chlorine atom and the 
N-H bond lies staggered to the maxima of d-electron density (Fig. 5g), thereby permitting 
intermolecular hydrogen-bond formation. 

We conclude that three factors, namely, steric repulsion, intermolecular hydrogen 
bonding, and an intramolecular hydrogen-bond type of interaction between the NH 
groups and the d-electrons of the metal, are sufficient to account for most of the observed 
differences between the forms of the NH stretching bands of various types of primary and 
secondary amine complexes of platinum(II). Steric repulsion and intermolecular hydrogen 
bonding seem to be the most important factors in determining the conformations of the 
complexes, whereas the intramolecular hydrogen-bond type of interaction appears to play 


TABLE 2. NH stretching frequencies (cm.*) of the compounds 
trans-[PEt,,NH,R,PtCl,]. 


Solutions Solutions 

in CCl,- in CCl,- 
Solutions in CCl, C,H,O, Solid Solutions in CCl, C,H,O, Solid 

Bands due to: Bands due to: 

R monomer associated molecules R monomer associated molecules 
Me ... 3347 3327 3321 3323 Pri ... 3325 3285 3286 3286 
3284 3246 3252 3244 3258 { 3235(sh) 3233 3226 
3144 * 3158 3150 3221 3146 3130 

3133 

_ « ieee 3300 3303 3308 But... 3319 3292 3290 3283 
3271 3232 3242 3236 3256 3224 3231 3221 
3137 3149 3136 3125 3140 3129 


a significant part in preventing intermolecular association, particularly in the cases of 
secondary amine complexes. Other, purely electronic, effects which can be transmitted 
through the platinum atom and primarily affect the frequencies and intensities of the NH 
stretching bands of monomeric complexes without altering their character, have already 
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been fully discussed.1_ There remains for comment another effect which has been observed 
during the present work. 

The effect of the alkyl group (R) in trans-[L,R-NH,,PtCl,] upon the NH stretching 
frequencies has been discussed earlier. Our results show that for a comparative study of 
NH stretching frequencies in this type of compound (¢.g., for investigating the ¢vans-effect) ! 
it is permissible to use complexes containing different alkylamines, to suit particular 
preparative purposes or solubility criteria, provided that they all contain the same type 
of alkyl group (?.e., Me or n-alkyl, etc.). It has previously been shown! that the NH 
stretching frequencies of para-substituted aniline complexes of platinum() are not 
significantly affected by the nature of the para-substituent. 


EXPERIMENTAL 


(Microanalyses by Messrs. W. Brown and G. Olney, of these laboratories.) 

Preparations.—The complexes of type ¢vans-[PEt;,am,PtCl,] (am = amine) were prepared 
from the binuclear complex (PEt,),Pt,Cl,, and the corresponding amine by the method of 
Chatt and Venanzi* who also describe the preparations of trans-[PBu",,0-toluidine, PtCl,] and 
trans-[PEt,,NH,Et,PtCl,]. 

trans-Methylaminetriethylphosphinedichloroplatinum recrystallised from methanol as greenish- 
yellow prisms, m. p. 85—86° (approx. 60%) (Found: C, 20-2; H, 4:7; N, 3-45. C,H, )NCI,PPt 
requires C, 20-2; H, 4:85; N, 3-4%). 

trans-Isopropylaminetriethylphosphinedichloroplatinum recrystallised from light petroleum 
(b. p. 60—80°) as greenish-yellow prismatic needles, m. p. 98—100° (approx. 70%) (Found: 
C, 24-3; H, 5-4; N, 3:3. C,H,,NCI,PPt requires C, 24-4; H, 5-5; N, 3:2%). 

trans-t-Butylaminetriethylphosphinedichloroplatinum recrystallised from light petroleum 
(b. p. 40—60°) as greenish-yellow prismatic needles, m. p. 98—99° (approx. 75%) (Found: 
C, 26:35; H, 6:2; N, 3-1. C,H,,NCI,PPt requires C, 26:3; H, 5-7; N, 3-1%). 

The complexes of type trans-[(C,H,,am,PtCl,] ‘were prepared from Zeise’s salt, 
K/[C,H,,PtCl,],H,O and the corresponding amine by Chatt’s method.? The preparations of 
trans-[C,H,,Me-NH,,PtCl,] and trans-[C,H,,Et-NH,,PtCl,] have already been described.! 

Pure trans-n-propylamine-ethylenedichloroplatinum was obtained in small yield by treating 
a solution of Zeise’s salt in 0-1N-hydrochloric acid with n-propylamine, filtering off the 
precipitate, and adding further n-propylamine to the ice-cold mother-liquor. This gave 
yellow needles, m. p. 77-5—78° (Found: C, 17-1; H, 3-8; N, 4:0. C;H,,NCI,Pt requires 
C, 17-0; H, 3:7; N, 40%). 

Pure trans-isopropylamine-ethylenedichloroplatinum was obtained by recrystallisation from 
light petroleum (b. p. 60—80°) as yellow prismatic needles, m. p. 94—95° (approx. 35%) 
(Found: C, 17:3; H, 3-7; N, 435%). 

trans-n-Butylamine-ethylenedichloroplatinum was obtained in poor yield analogously to the 
n-propylamine complex and purified further by recrystallisation from light petroleum (b. p. 
40—60°); it formed yellow needles, m. p. 51—53° (Found: C, 19-8; H, 4:05; N, 40. 
C,H,,NCI,Pt requires C, 19-6; H, 4:1; N, 3-8%). 

trans-Isobutylamine-ethylenedichloroplatinum was obtained in 50% yield as yellow needles 
{from light petroleum (b. p. 60—80°)], m. p. 69—70° (Found: C, 19-75; H, 4-2; N, 3-8%). 

trans-s-Butylamine-ethylenedichloroplatinum, yellow needles obtained (approx. 50%) by 
recrystallisation from light petroleum (b. p. 60—80°), had m. p. 56—57° (Found: C, 19-6; 
H, 4:1; N, 3-9%). 

trans-t-Butylamine-ethylenedichloroplatinum was obtained in approx. 40% yield as yellow 
needles, m. p. 120—130° (decomp.), recrystallised from light petroleum (b. p. 60—80°) 
(Found: C, 20-2; H, 4:1; N, 3-8%). 

trans-o-[odoanilinetri-n-butylphosphinedichloroplatinum was prepared (67%) analogously 
to the triethylphosphine complex and purified by recrystallisation from light petroleum (pb. p. 


* Chatt, Duncanson, and Venanzi, J., 1955, 4456. 
* Chatt and Gamlen, J., 1956, 2371. 

5 Chatt, Duncanson, and Venanzi, J., 1958, 3203. 
® Chatt and Venanzi, /., 1955, 3858. 

7 Chatt, J., 1949, 3340. 
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60—80°); it formed greenish-yellow needles, m. p. 70—71° (Found: C, 31-3; H, 4-9; N, 2-2. 
CygHysNCI,1PPt requires C, 31-45; H, 4-8; N, 2-0%). : 

Infrared Spectra.—These were measured with a Grubb—Parsons S3A spectrometer fitted 
with a lithium fluoride prism. The estimated slit widths were of the order of 5 cm. and the 
frequency calibration was checked regularly by using the 34 NH band, giving an accuracy of 
+lcm.. The extinction coefficients [¢ = (cl) log (T,/T), where T, and T are the intensities 
of the incident and transmitted radiation respectively, c is the molar concentration, and / is 
the cell thickness in cm.] are plotted for certain compounds in Figs. 1—4. The values of T, 
were obtained by measuring transmitted energy as a function of frequency when the absorption 
cell contained pure solvent. A 1-cm. fused silica cell was used for the more dilute solutions 
(<0-01m) in carbon tetrachloride, and a permanent rocksalt cell of thickness 0-031 cm. 
(measured interferometrically) was used for the more concentrated solutions (0-1m) in carbon 
tetrachloride and in a carbon tetrachloride-dioxan (5:1 v/v). The carbon tetrachloride was 
distilled from phosphorus pentoxide before use, and reagent-grade dioxan was used without 
further purification. 


(1960) Kilroe and Weale. 
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763.  Liquid-phase Reactions at High Pressure. Part XII The 
Polymerisation Ceiling Temperature of «-Methylstyrene at High 


Pressures. 
By J. G. KiLrogE and K. E. WEALE. 


The ceiling temperature for polymerisation of «-methylstyrene is increased 
from 61° at 1 atm. to 171° at 6480 atm. The variation with pressure is 
linear and of the magnitude expected from the effect of pressure on the 
rates of propagation and depropagation. The polymerisation rate depends 
on catalyst concentration in the same way as that of styrene, but it reaches a 
maximum with increasing pressure and decreases at the highest pressures. 
This is attributed either to a phase separation or to a decrease in the rate of 
propagation at high viscosities. 


At low temperatures «-methylstyrene is readily converted by ionic catalysts into polymers 
of high molecular weight. Hersberger, Reid, and Heiligmann? report molecular weight 
of 84,000 (aluminium chloride in ethyl chloride at —130°), and Okamura and his co- 
workers * record molecular weights from 350,000 to 1,000,000 (boron trifluoride—ether 
complex in hexane-chloroform mixture at —78°). At room temperature polymers having 
a molecular weight from 300—400 up to 3000—4000 are usually produced, although a 
figure of 339,000 has been obtained * from the sodium-catalysed polymerisation at 10°. 

The methyl substituent impedes radical-polymerisation, which has sometimes been 
stated not to occur, but Lowry 5 has recently measured the low rates of reaction in three 
free-radical systems at 25° ahd 30°. 

The heat of polymerisation is only about 8 kcal./mole, in agreement with the theory 
that a-methylstyrene displays a ceiling-temperature phenomenon of the type recently 
reviewed by Dainton and Ivin.6 At this temperature depropagation is faster than chain 
Part X, J., 1956, 953; Part XA, Discuss. Faraday Soc., 1956, 22, 122. 

* Hersberger, Reid, and Heiligmann, Ind. Eng. Chem., 1945, 37, 1073. 
* Okamura, Higashimura, and Imanishi, J. Polymer Sci., 1958, $8, 491. 
: Jones, Friedrich, Werkema, and Zimmerman, Ind. Eng. Chem., 1956, 48, 2123. 


Lowry, J. Polymer Sci., 1958, 31, 187. 
Dainton and Ivin, Trans. Faraday Soc., 1950, 46, 331; Quart. Rev., 1958, 12, 61. 
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growth, and polymer formation is impossible. The existence of a propagation—depropag. 
ation equilibrium has been demonstrated for «-methylstyrene in the range —40° to 0° h 
Worsfold and Bywater ’ who used the sodium-naphthalene catalyst in tetrahydrofuran, so 
that termination was negligible. McCormick,® for the same system, determined the ceiling 
temperature to be 61°, and Brown and Mathieson ® estimate 60° from their experiments 
with trichloroacetic acid as catalyst in ethylene dichloride. The results of various kinetic 
studies * 1° indicate that, while the depropagation fixes the upper temperature limit, jn 
most instances other processes of termination and transfer determine the molecular weight 
and the production of very low polymer. 

The demonstration of a ceiling temperature at 61° and ordinary pressure is particularly 
interesting in connection with the results of Sapiro, Linstead, and Newitt. These 
authors, using pressures of from 2000 to 10,000 atmospheres, obtained polymers of 
a-methylstyrene (M, 1170—5800) at 100—125°, although not at 150°. This indicates 
that high pressures raise the ceiling temperature for polymerisation, an effect which is to 
be expected on theoretical grounds. A more detailed study of the polymerisation at 
pressures up to 11,800 atm. and temperatures up to 170° has therefore been made. 


EXPERIMENTAL 


Apparatus.—The vessel was a vertically mounted steel cylinder (diameter 6” outside, 0-6” 
inside), of auto-frettaged monobloc construction. It was filled with liquid paraffin in which 
pressure was developed by a hand-pump acting through a differential piston intensifier. It 
was heated electrically and the temperature controlled by a mercury contact thermometer 
between the heating-jacket and the cylinder. There was a small temperature gradient along 
the axis of the cylinder but the temperatures at the ends of the reaction tube (immersed in the 
paraffin) were within +1° of the recorded mid-point values. In preliminary experiments with 
benzoyl peroxide as initiator a glass reaction tube with a mercury seal was employed, but a 
white precipitate appeared at the mercury surface (aI8o reported by Walling and Pellon *), 
For subsequent work we used Fluon tubes (0-25” outside diameter, 0-03’ wall thickness) sealed 
with tapered plugs of the same material at each end. Pressure was transmitted through the 
flexible tube wall. 

Materials.—a-Methylstyrene. 95—99% pure material (200 ml.) was washed with 10% 
sodium hydroxide solution (3 x 100 ml.) to remove quinol inhibitor, then six times with distilled 
water, dried (CaCl,), and distilled under a vacuum. The middle 60% was retained (b. p 
54-5—55-0°/14 mm.; m,'7* 1-5384) and was kept under nitrogen. The monomer did not give 
a precipitate in methanol after 7 days, but a new batch was purified every 48 hr. 

Azodi-isobutyronitrile. Material recrystallised from chloroform, dried under a vacuum, and 
kept in the dark, had m. p. 106°. 

Benzoyl peroxide. The peroxide, precipitated from chloroform, dried under a vacuum, and 
kept in the dark, melted at 105°. 

Di-t-butyl peroxide. This peroxide, supplied 98% pure, was distilled under a vacuum 
(nitrogen) and kept in the dark under a vacuum at 0°. It had m,,?° 1-3890. 

Trichloroacetic acid. The ‘‘ AnalaR’”’ product was twice recrystallised from benzene, dried, 
and kept undera vacuum. It had m. p. 58°. 

Toluene. ‘‘ Sulphur-free ’’ toluene was distilled and the middle 60% (b. p. 110-6°) retained. 

Methanol and 1,2-epoxypropane. These were “‘ AnalaR ”’ materials. 

Separation of Solid Polymer.—The reaction product was dissolved in 1,2-epoxypropane 
(25 ml.), and the solution added dropwise, with constant stirring, to cold methanol. The 
precipitated polymer was coagulated by gentle heat, filtered on sintered glass, washed with 
solvent mixture and dried at 60° for 24 hr. 

Separation of Liquid Polymer.—The precipitation method separates pentamer and higher 


7 Worsfold and Bywater, J. Polymer Sci., 1957, 26, 299; Canad. J. Chem., 1958, 36, 1141. 
8 McCormick, J. Polymer Sci., 1957, 25, 488. 

® Brown and Mathieson, J., 1958, 3445, 3507. 

1© Worsfold and Bywater, J. Amer. Chem. Soc., 1957, 79, 4917. 

1! Sapiro, Linstead, and Newitt, J., 1937, 1784. 

12 Walling and Pellon, J. Amer. Chem. Soc., 1957, 79, 4776, 4782, 4786. 





as oo Ss +}, 


“— 4 


[1960]  Ligquid-phase Reactions at High Pressure. Part XII. 3851 


lymers. The amount of lower polymer in a few samples was determined by the frozen- 
solvent method,!* dioxan being used. The solid dioxan was sublimed at 4 mm. and the 
samples attained constant weight in 12 hr. 


RESULTS AND DISCUSSION 


A. Dependence of Polymerisation Rate on Initiator Concentration.—Sapiro et al." did 
not observe any dependence of rate on initiator concentration, so measurements with 
benzoyl peroxide initiator were carried out to establish the relationship. The results are 
shown in Table 1. Logarithmic plots of initiator concentration against mean rate were 
found to be good straight lines at each of the two pressures used so that the rate 
is proportional to [Initiator|*, where x is 0-44 and 0-45 at 8100 and 9000 atm. respectively. 


TABLE 1. Dependence of rate on initiator concentrations. 
(Each run of 4 hr. duration at 94-5°.) 
8100 atm. 9000 atm. 


Wt. % of Wt. % of Wt. % of Wt. % of 
benzoyl solid Mean rate benzoyl solid Mean rate 
peroxide polymer (%/min. x 108) peroxide polymer (%/min. x 108) 

Nil 1-06 4-4 

0-385 3-24 13-5 0-132 1-44 

1-091 4-87 20-3 0-243 3°33 

1-396 5-55 23-2 1-110 3-74 

2-181 7-14 28-9 1-641 3-82 

2-180 6-90 28-8 2-190 4-80 








Asmall error is involved in the use of mean rates, and it should be noted that the measure- 
ments were made in the region in which the rate decreases with increasing pressure 
(discussed in section C, below). The value of x, when termination results from encounters 
between two radicals should be 0-5, but Merrett and Norrish “ found that it decreased 
from 0-50 at 1 atm. to 0-40 at 3000 atm. in the benzoyl peroxide-styrene system at 60°, 
and Nicholson and Norrish ® record a decrease from 0-50 to 0-45 for the same system and 
pressure range at 30°. The relation between rate and [Initiator] is thus similar for a- 
methylstyrene and styrene. ; 

B. The Ceiling Temperature at High Pressures.—A few experiments at 4550 atm. with- 
out initiator gave results in accordance with those of Sapiro e¢ al. The yield of solid 
polymer increased from 20-8% at 95° to 61-7% at 112° (22 hr.), but only 2-1% was formed 
in 96 hr. at 141°. 

For the systematic measurement of ceiling temperatures an initiator was used, and 
di-t-butyl peroxide was selected because it does not decompose too rapidly at the experi- 
mental temperatures. The half-life of the initiator #* at 1 atm. is about 220 hr. at 100°, 
2-25 hr. at 140°, and 0-125 hr. at 170°. The values are probably at least twice as great at 
high pressure. The yield of solid polymer in runs of 4 hr. duration (occasionally longer or 
shorter) was determined over a range of temperatures at four pressures, and the results are 


TABLE 2. Polymerisation ceiling temperatures at high pressures. 


Pressure (atm.) 2200 4210 4860 6480 
Ceiling temp. (c) . 131° 143° 171° 


shown in Fig. 1. From the curves it will be seen that at each pressure the yield of solid 
polymer first increases with temperature then passes through a maximum and falls rapidly 
to zero. The ceiling temperatures (the points at which the curves cut the temperature 
axis), are given in Table 2. . 

8 Lewis and Mayo, Ind. Eng. Chem. Analyt., 1945, 17, 134. 

™ Merrett and Norrish, Proc. Roy. Soc., 1951, A, 206, 309. 


8 Nicholson and Norrish, Discuss. Faraday Soc., 1956, 22, 97, 104. 
® Offenbach and Tobolsky, J. Amer. Chem. Soc., 1957, '79, 278. 
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The relation between ceiling temperature and pressure is linear, and extrapolation to 
1 atm. gives a ceiling temperature of 60°, in good agreement with McCormick’s and Brown 
and Mathieson’s values. 

The analogy between polymerisation ceiling temperatures and physical aggregation 
processes has been pointed out.* If an equation of the same form as the Clausiys- 
Clapeyron relation, d7/dP = TAV/AH, is assumed, and a value of —8-4 kcal./mole js 
taken ” for AH, then AV, the volume change for the polymer—-monomer equilibrium js 
—14-7c.c./mole. This figure agrees with the value —14-1 c.c./mole for the overall volume 
change at 20°, which was found by comparison of the densities of pure monomer and of a 
6%, solution of polymer in monomer. It is also of the order of magnitude expected from 
the estimated volumes of activation, AV*, for propagation and depropagation. AV* for 
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propagation will probably be similar to the value for styrene,1® which is —13-4 c.c./mole. 
AV* for depropagation is more difficult to estimate, but if, as a first approximation, a 
10%, stretching of the C-C bond is assumed in the activated state, and the molecular 
cross-section is supposed constant, a value of about +4 c.c./mole is obtained. The 
estimated equilibrium AV is then about —17 c.c./mole, which is sufficiently close to the 
experimental values for the change of ceiling temperature with pressure to be ascribed to 
the differential effect on the velocity of propagation and depropagation. Propagation 
which involves bond-formation and has a negative volume of activation is accelerated, but 
depropagation, which is a process of bond-breaking and has a positive volume of activation, 
is retarded. 

The approximate molecular weights (found cryoscopically in benzene) of the solid 
polymers formed at 4860 atm. and at various temperatures are given in Table 3. The 


TABLE 3. 
eRe 107-0° 118-2° 126-8° 128-0° 133-4° 135-1° 135-3° 
WW Sus Gini ce 1120 1940 1470 1140 1110 670 580 


decrease as the ceiling temperature is approached agrees with theoretical prediction ® 
but is probably determined by the speed of transfer and termination, as well as 
by depropagation. 

The liquid polymer also produced rapidly decolorised bromine in carbon tetrachloride 
and is identified as unsaturated dimer (cryoscopic M, 240; unsaturated dimer requires 
M, 236). The amount of dimer increases with reaction temperature, as shown in Table 4. 


17 Jessup, J. Chem. Phys., 1948, 16, 661. 
18 Whalley, Discuss. Faraday Soc., 1956, 22, 146. 
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TABLE 4. Yield of dimer at 4860 atm. and various temperatures. 
(1-31 wt. % di-t-butyl peroxide.) 


Temp. (C)  .---seeeeeeeseeecereeeee 131-4° 136-0° 136-5° 150-0° 150-0° 
Dimer (wt. %) ..-cccscsecesesees 13-9 17-4 20-0 26-0 56-2 
Time (BY.) ....-ceerercecereeserees 4 + 4 4 21 


A large yield of dimer is obtained above the ceiling temperature for solid polymer 
(143° at 4860 atm.). The reason may be that the dimer has a higher ceiling temperature,® 
and there is evidence that the heat of dimerisation is greater than the heat of polymeris- 
ation to longer chains.” An alternative possibility is that at the higher temperatures 
transfer reactions with allylic hydrogen (as in the case of allyl acetate !*), involving the 
resonance-stabilised radical CH,=CPh-CH,°, become important. 

C. The Decreased Rate of Polymerisation at the Highest Pressures—Table 1 shows the 
rate of polymerisation initiated by benzoyl peroxide at 8100 atm. to be greater than that 
at 9000 atm. This unexpected finding was investigated over a wider pressure range and 
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with other initiators. The results are given in Fig. 2, in which the rates are mean rates 
calculated from the yields of solid polymer in 4 hr. runs at 94-5°. 

At first log (rate) is proportional to pressure, as for styrene,!* but at higher pressures 
it reaches a maximum and then decreases rapidly. The maximum is at a higher pressure 
when the monomer is diluted with 42 wt. % of benzene and does not occur in the experi- 
mental pressure range in the presence of 42 wt. % of toluene. The ceiling temperature is 
94-5° at 2070 atm., so that the two effects are well removed from each other. It is known 
that the first-order rate constant for the decomposition of benzoyl peroxide is 
approximately halved at 3000 atm. and that this initiator also decomposes by a radical 
chain process which is accelerated by pressure and probably does not initiate 
polymerisation.'%15 The decrease in polymerisation rate is not thought likely to arise 
from a combination of these effects as it occurs with all the initiators, including the ionic 
catalyst trichloroacetic acid. It is more probably the result of a large increase in viscosity 
or of a phase separation, both of which would be affected by dilution. The phase separ- 
ation might consist of solidification of a proportion of the monomer, or of the appearance 
of a second, polymer-rich liquid phase containing a large fraction of the initiator, but 
no experimental evidence is available on this point. The effect of increased viscosity on 
organic bimolecular reactions has been examined by Hamann,!® who calculated that they 
become diffusion-controlled and retarded if the voscosity is increased by a factor of 


19 Hamann, Trans. Faraday Soc., 1958, 54, 507. 
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~10'°, and demonstrated this experimentally at pressures in the range 10,000—40,000 atm. 
The propagation reaction in vinyl polymerisation has a considerably lower activation 
energy than ordinary bimolecular reactions (~5 kcal./mole cf. ~20 kcal.), and the propag. 
ation rate may become diffusion-controlled if the viscosity is increased by only 10° or 106 
A retardation due to increased viscosity has been observed at conversions of over 50% at 
ordinary pressure.”*1_ The conversion into polymer, near the maxima of the curves jn 
Fig. 2, ranges from 12% to 26% and probably does not increase the viscosity more than 
10-fold. The effect of pressure on the viscosity of organic liquids is very considerable, 
but varies markedly from one to another. The largest increase found * at 6000 atm. js 
for eugenol, the factor being ~10*. It is thus possible that there is a sufficient jp. 
crease in viscosity at 6000 atm. to affect the rate of polymerisation, but information about 
the influence of pressure on the viscosity of polymer solutions is needed to establish 
this. 

One of us (J. G. K.) acknowledges the grant of an Ashe Overseas Postgraduate Scholarship, 
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20 Bengough and Melville, Proc. Roy. Soc., 1955, A, 280, 429. 
21 Vaughan, Trans. Faraday Soc., 1952, 48, 576; J. Appl. Chem., 1952, 2, 422. 
22 Bridgman, Proc. Amer. Acad. Arts Sci., 1926, 61, 57. 





764. The Solubility Behaviour of Aromatic Hydrocarbons. 
Part III.* Solubilities in Cyclohexane. 


By E. McLAuGuHLin and H. A. ZAINAL. 


The solubilities of biphenyl, o-terphenyl, m-terphenyl, naphthalene, 
phenanthrene, pyrene, fluorene, fluoranthene, and acenaphthene in cyclo- 
hexane have been determined over a range of temperature. Greater 
deviations from ideality are exhibited than in benzene and carbon tetra- 
chloride. Where heats of fusion are available the excess properties of the 
solutions have been calculated. If the solubility data are plotted in the 
reduced form, log solubility against T;/T, where T; is the melting point of 
the pure solute, all the data lie on a single curve with a scatter greater than 
that for benzene and carbon tetrachloride solutions. 


In previous papers }? the solubility behaviour of two series (linked and fused rings) of 
aromatic hydrocarbons in benzene and carbon tetrachloride were reported for a range of 
temperature. The solubilities in benzene were more nearly ideal than those in carbon 
tetrachloride and, in both cases, deviations from ideality arose principally from energies 
of mixing rather than from entropies. In addition, when both sets of data were plotted as 
log mole fraction against 7;,/T all the points fell on single curves, indicating that the 
solubilities are the same at the same reduced temperature. 

The present work extends these measurements to cyclohexane, where deviations from 
ideality are greater still. 


Experimental.—Sources of materials and m. p.s of the purified products are: naphthalene 
80-1°, phenanthrene 99-2°, and m-terphenyl 85-0° (B.D.H.); 0-terpheny] 53-6° (Eastman Kodak); 
pyrene 148-0° (Rutgerswerke A.-G.); fluorene 113-5°, fluoranthene 109-8°, biphenyl 68-8", 
and acenaphthene 93-8° (Gesellschaft fiir Teerverwertung). All the compounds were purified 
by chromatography on alumina, with benzene as eluant except for o- and m-terpheny] for which 


? Part II, McLaughlin and Zainal, J., 1960, 2485. 
? McLaughlin and Zainal, J., 1959, 863. 
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light petroleum was used. Solvents were removed by sublimation at 10 mm., or, where the 

compounds did not sublime, by prolonged heating im vacuo near the m. p. : 
Apparatus and technique. The method consisted ? of rotating sealed sample tubes con- 

taining fixed mole fractions, mechanically in a thermostat. Solution temperatures were noted 


to 0-1° on N.P.L. certified thermometers. The measured solubilities are given in Table 1. 


TABLE 1. Solubilities of aromatic hydrocarbons in cyclohexane [x = mole fraction : temp. 


(T) in °c). 

Biphenyl ..........ssee+seeeeeees «4 26-3 37-2 45-1 52-0 58-0 

x 0-2013 0:3497 0-5022 0-6527 0-7814 
o-Terphenyl  ........2-2eeeee0 = 22-8 30-0 40-4 49-6 — 

x 0-3537 0-4996 0-7073 0-8955 — 
m-Terpheny] ..........sss0e00+ r 38-2 47-4 52-3 56-7 60-2 

x 0-0770 0-1632 0-2421 0-3331 0-4075 
Naphthalene ............++.++ T 27-0 38-0 45-6 52-2 56-4 

x 0-1541 0-2520 0-3479 0-4576 0-5380 
Phenanthrene _...........+++- T 27-4 40-0 55-6 60-5 67-4 

x 0-0402 0-0785 0:1753 0-2394 0:3747 
PYTEME «oss eeeeeeeeneevererers T 21-8 30-5 43-0 49-1 - 

x 0-0084 0-0129 0-0201 0-0251 -- 
IE. scconersccugpaseonvenne i 33-0 46-6 58-6 69-0 — 

x 0-0502 0-0910 0-1525 0-2435 -— 
Acenaphthene ............+++ ' 35-5 50-0 57-0 60-8 _— 

x 0-0880 0-2077 0-2812 0-3453 — 
ID on cccesceoreeess T 28-6 44-4 52-3 65-0 71-0 . 

x 0-0204 0-0400 0-0599 0-1191 0-1763 


Discussion.—Deviation from ideal solubility behaviour, as determined by replacing 
the activity a in the solubility equation 


1 AH,f1l 1 
aay to el t-7,| . . . . . . . (1) 


by the mole fraction of solute x, progressively increases as the solvent is changed from 
benzene to carbon tetrachloride to cyclohexane. This is illustrated in Table 2 by the 
average interchange energies w/k defined * by the eqn. 


f = exp [(1 — x)*0/kT] 


where for the present case f is the saturation activity coefficient of the solute. These 
values have been obtained by using the known heats of fusion AH; and neglecting their 
variation with temperature. 


TaBLw 2. Interchange energies (w/k)(°K) of cyclohexane with aromatic hydrocarbons. 





Average 
1 dw — — 
~ par CyHy. Cccl, C,H, 
Fluorene ...... T 33-0 46-6 58-6 69-0 2-6 408 133 77 
w/k 458 422 391 359 
Acenaphthene T 35-5 50-0 57-0 60-8 4:8 249 121 136 
wk 427 — 336 327 306 
Phenanthrene T 27-4 40-0 55-6 60-5 67-4 4-6 469 165 36 
w/k 580 519 457 423 366 
Naphthalene T 27-0 38-0 45-6 52-2 56-4 2-1 275 93 30 
i w/kk 310 286 273 258 248 
Diphenyl ... T 26-3 37-2 45-1 52-0 58-0 3-0 264 66 —_ 
w/k 316 281 257 238 227 


However, while values of w/k are almost temperature-independent for benzene and 
carbon tetrachloride, Fig. 1 shows that for cyclohexane w/k is linearly dependent on 


* Guggenheim, “ Mixtures,” Oxford University Press, 1952. 
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temperature with a negative coefficient. This means that in cyclohexane contributions de 
to the excess Gibbs free energy arise from entropy contributions as well as from non-zero lic 
heats of mixing. In the event of the solutions being regular at all compositions, the 

















excess entropy of mixing AS, can be calculated from the equation ” 
AS, = —(x)(1 — x)Nk dw/dT ‘ 
and the excess heat of mixing from the expression 
AH, = x(1 — x)Nk(w — Tdw/dT) be 
The maximum values of these functions at x = 0-5 are in Table 3, where the AH, values = 
are for 50°c. At present, no data from other sources involving direct measurements are in 
al 
seor | Ww 
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Fic. 2. Plot of log solubility against T;/T for 
aromatic hydrocarbons in cyclohexane. 
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available for comparison. The deviations from ideality do not seem to bear any definite 
relation to the molecular structure of the solute. Phenanthrene, which shows the largest 


a ae ae a lm 


TABLE 3. 
Naphthalene Biphenyl Fluorene Phenanthrene Acenaphthene 
AS, (cal. mole! deg."?) ...... 1-04 1-49 1-29 2-28 2-39 


AH, (cal. mole) ............... 467 . 604 622 974 948 ’ 
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deviation of the five molecules for which heat of fusion data are available, exhibits two 
liquid phases in the binary system with isobutane. For cyclohexane solutions at 27-4°, 
w/kT is 1-96, which can be compared with the value 2 required for phase separation. 

It was shown earlier +? that the ideal solubilities of these series of hydrocarbons all lie 
on the same curve when log x is plotted against T;/7. This arises, as can be seen, when 
the solubility equation (1) is transformed into: 


In La = (AS,/R)[(Ty/T)—1] 


because the entropies of fusion for the members of this series are all about 13-0 cal. deg. 
mole. This means that ideal solubilities are all the same at the same reduced temperature. 

A plot of log a against 7;/T should likewise give a single curve. However, as no 
independent activity coefficient data are available this has not been tested. For benzene 
and carbon tetrachloride as solvents, plots of (7/T;) log a show a smaller scatter compared 
with the data for cyclohexane given in Fig. 2. The large deviation in the case of cyclo- 
hexane may be due to the entropy contribution for each molecule rather than to the 
non-zero energy of mixing. 

As an approximation for estimating the solubility in cyclohexane the data in Fig. 2 
have been fitted to the equation 


log x = —; ae La 
&* = ~ 3:303R | T 
by the method of least squares, which enables the solubility to be estimated within about 
20%, on an average, for any of the molecules, from its melting point alone. 
One of us (H. A. Z.) thanks the Government of Iraq for a maintenance award. 


DEPARTMENT OF CHEMICAL ENGINEERING, 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, S. KENSINGTON, 
Lonpvon, S.W.7. (Received, March 9th, 1960.] 


4 Roof and Crawford, J. Phys. Chem., 1958, 62, 1138. 





765. Metallo-organic Compounds containing Metal—Nitrogen bonds. 
Part I. Some Dialkylamino-derivatives of Titanium and Zirconium. 


By D. C. BrRApDLEy and I. M. THomas. 


The compounds M(NR,),, where M is either Ti or Zr, and R is Me, Et, 
Pr®, or Bu', were prepared either by treating the metal chloride with 
the appropriate lithium dialkylamide or by aminolysis involving a 
tetrakisdialkylamino-metal compound and another dialkylamine. The 
latter method also gave mixed dialkylamino-derivatives of the type 
M(NR,),(NR’),_2, where R’ was Et, Pr, Pr‘, Bu‘, or of the type 
M(NR,),(N-organic),_,, where N-organic was piperidino-, 2-methylpiperid- 
ino-, or 2,6-dimethylpiperidino-. These new compounds can all be distilled 
or sublimed im vacuo, and are soluble in common organic solvents, readily 
hydrolysed and converted by alcoholysis into metal alkoxides. The 
absence of appreciable metal-nitrogen intermolecular bonding is discussed. | 


ALTHOUGH the amino-derivatives of titanium and zirconium are well known and the 
reactions involving aliphatic amines and the tetrachlorides of these metals have been 
studied,’ there were no authentic examples of metallo-organic compounds containing 
these metals exclusively bonded to alkylamino-groups. Such compounds occupy the 
position between the well-known metal alkoxides and the little known organometallic 


™ on Canad. J. Chem., 1952, 30, 835, 842; Antler and Laubengayer, J. Amer. Chem. Soc., 1955, 
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compounds containing these metals bonded to aliphatic carbon atoms. Also, it was 
difficult to predict the physicochemical properties of tetrakisdialkylamino-derivatives 
from a priori considerations because of the lack of precise knowledge of the steric ang 
electronic effects of four dialkylamino-groups centred round the metal. From similar 
principles to those deduced from the structural chemistry of metal alkoxides,? it seemed 
that the lower dialkylamines (e.g., dimethylamine) might produce polymeric derivatives 
(especially with zirconium) owing to covalency expansion of the metal causing inter. 
molecular metal-nitrogen bonding. With the higher dialkylamines it was expected that 
volatile monomeric derivatives would occur because of the pronounced steric factors 
involved. Moreover, the existence of a series of tetrakisdialkylamino-derivatives of the 
metals would facilitate the study of the nature of metal—nitrogen bonds in covalent neutral 
compounds. For these reasons we have made a detailed study of tetrakisdialkylamino- 
titanium and -zirconium compounds and have found them quite stable in the absence of 
water or other hydroxylic compounds. 

Gilman et al.3 recently prepared tetrakisdiethylaminouranium(Iv) by treating uranium 
tetrachloride with lithium diethylamide and we have applied this method to the preparation 
of the tetrakisdialkylamino-derivatives of titanium and zirconium from the metal chlorides: 
i.é., 

MCI, + 4LINRg — M(NR,), + 4LiCI 


In addition, we have prepared other tetrakisdialkylamino-derivatives by aminolysis in 
which the metal derivative of a lower secondary amine was treated with a higher secondary 
amine: 

M(NRg), + 4R’2NH —— M(NR’,), + 4R,NH 


A preliminary notification of this work appeared elsewhere.* 

The thermal stability of the metal-nitrogen bond can be judged by the fact that these 
compounds survived distillation, in some cases at a fairly high temperature. However, 
they were extremely readily hydrolysed with liberation of the amine. Also, the amine 
was liberated and a metal alkoxide formed when the dialkylamino-compound was treated 
with an alcohol: 

M(NR,), + 4ROH —— M(OR), + 4RgNH 


This reaction does not appear to be reversible since attempts to prepare dialkylamino-com- 
pounds by treatment of metal alkoxides with secondary amines under forcing conditions 
were unsuccessful. This could imply that the metal-oxygen bond is stronger than the 
metal—nitrogen bond but the situation is complicated by steric effects. The boiling points 
of the corresponding titanium and zirconium compounds are fairly close except for the 
dimethylamino-derivatives in which the zirconium compound has a considerably lower 
volatility. Molecular-weight determinations in boiling benzene show that this is due toa 
significant degree of polymerisation (1-22) in the zirconium compound, undoubtedly caused 
by intermolecular metal-nitrogen bonding. The titanium compound is practically 
monomeric. Similarly the diethylamino-derivatives of titanium and zirconium and the 
piperidino-derivative of titanium were all monomeric and it follows that the n-propylamino- 
and isobutylamino-derivatives of both metals must also be monomeric. This lack of 
polymerisation is extremely interesting because under favourable conditions it would be 
expected “that nitrogen would form a stronger intermolecular co-ordinate bond than 
oxygen (in the alkoxides). It is reasonable to suggest that the shielding effect of a dialkyl- 
amino-group is much greater than that of the corresponding secondary alkoxide group. 
For example, zirconium tetraisopropoxide is trimeric under conditions where the tetrakis- 
dimethylamino-zirconium has the degree of polymerisation of 1-22. Evidently branching 


2 Bradley, Nature, 1958, 182, 1211. 


* Jones, Karmas, Martin, and Gilman, J. Amer. Chem. Soc., 1956, 78, 4285. 
4 Bradley and Thomas, Proc. Chem. Soc., 1959, 225. 
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at the nitrogen atom in M(NR,), is more effective sterically than branching at the carbinol 
carbon atom in M(O*CHR,),. However, electronic effects must not be ignored and it 
is possible that the lower degree of polymerisation in M(NR,), is partly due to significant 


intramolecular co-ordination involving the x-bond M-NR, whereas in the alkoxides it is 


believed that the analogous x-bond structure M=O0-CHR, contributes very little. Never- 
theless, it is clear from the results of certain aminolyses that strong steric effects are 
operating in the alkylamino-compounds. Thus it was not possible to convert tetrakis- 
dimethylaminotitanium into the diethylamino-derivative in spite of prolonged fraction- 
ation with excess of diethylamine. Instead, trisdiethylamino(mono)dimethylamino- 
titanium was isolated as a pale yellow liquid which could be distilled unchanged under 
reduced pressure. The results of a number of aminolyses which produced mixed dialkyl- 
amino-derivatives are included in Table 2. In reactions involving tetrakisdimethylamino- 
titanium and dialkylamines it is noteworthy that mixed dialkylamines of the general 
formula Ti(NMe,)B, are obtained when B= NEt,, NPr®,, or NBu',, suggesting a 
similarity in steric effect of these groups in this type of molecule. Confirmation of the 
predominance of steric effects in these reactions is evident in the comparison of the 
behaviour of piperidine, 2-methylpiperidine, and 2,6-dimethylpiperidine. For example, 
piperidine, having a smaller steric effect than diethylamine, causes complete replacement 
of the dimethylamino-groups, whilst 2-methylpiperidine gives the same type of product as 
diethylamine or di-n-propylamine. Similarly, 2,6-dimethylpiperidine resembles di-iso- 
propylamine in giving a product of the type Ti(NMe,),B, where B = NPr‘,, or NC,Hy,. 
Now if electronic effects were important we should expect the stronger base to be the more 
powerful substituting agent (assuming a nucleophilic reaction at the metal atom centre) 
and this is contrary to the behaviour of piperidine and its methyl derivatives. Another 
way in which electron effects might influence the degree of substitution is through partial 


double bonding M=NR, resulting in a higher electron density on the metal with conse- 
quent resistance to nucleophilic attack. If this phenomenon were operative it would lead 
to a decrease in degree of substitution with increase in base strength of the substituting 
amine and its effect would thus be similar to that of the steric effect. The behaviour of 
tetrakisdiethylaminotitanium in resisting replacement by di-n-propylamine but allowing 
replacement by piperidine also supports the view that steric effects are very pronounced 
in these systems. Further support is evident from the behaviour of the zirconium com- 
pounds. For example, with tetrakisdimethylaminozirconium the degree of replacement 
of dimethylamino-groups by the other amines is noticeably greater than for the titanium 
compound. Another interesting feature is that the slight difference in behaviour between 
di-isopropylamine and 2,6-dimethylpiperidine in their reactions with Ti(NMe,), is very 
much amplified in reactions with Zr(NMe,),. Hence it appears that the steric effect of 
di-isopropylamine is greater than that of 2,6-dimethylpiperidine. The behaviour of 
tetrakisdiethylaminozirconium with these two amines also supports this view. 


EXPERIMENTAL 


Special precautions, e.g., carefully dried all-glass apparatus, were adopted to avoid hydrolysis, 
and all experiments were conducted under an atmosphere of dry oxygen-free nitrogen. The 
amines and solvents were all dried over sodium and distilled immediately before use. 

Analysis.—(a) For the metals. An accurately weighed sample of tetrakisdialkylamino- 
compound was hydrolysed in a platinum crucible and the hydrated oxide was then ignited to 
the dioxide. (b) For the dialkylamino-group (NR,). The sample was hydrolysed, and the 
liberated dialkylamine was steam distilled and titrated with standard acid in a modified 
Kjeldahl apparatus. 

Preparation of Tetrakisdialkylamino-compounds from the Metal Chlorides.—Since the 
technique used was essentially the same in each experiment the details are given for the 
preparation of tetrakisdiethylaminotitanium alone, and the other results are summarised in 
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Table 1. Butyl-lithium solution (300 c.c., 1-37N) was prepared in the usua! manner 5 from 
n-butyl bromide (72 g.) and lithium (8-2 g.) in ether cooled to —20°. To this solution diethy]- 
amine (30 g.) was added slowly with stirring at —10°, stirring was continued for a further 39 
min., and the products were allowed to attain room temperature. Titanium tetrachloride 
(16-2 g.) in benzene (100 c.c.) was next added during 30 min. with vigorous stirring and cooling 
to keep the temperature below about 10°. A brown intermediate product is precipitated in 
the initial stages of the reaction and the system, following completion of the addition of the 
tetrachloride, was refluxed (approx. 2 hr.) until the intermediate product disappeared and a 
pale yellow solution remained over a white precipitate of lithium salts. After removal of the 
ether by evaporation and its replacement by an equal volume of benzene, the solution was 
filtered, and the filtrate evaporated to dryness under reduced pressure. Distillation of the 
residue gave tetrakisdiethylaminotitanium as an orange liquid, b. p. 112°/0-1 mm. (19-2 g., 67%) 
[Found: Ti, 14-2; NEt,, 85-3; Cl, 0-0. Ti(NEt,), requires Ti, 14-2; NEt,, 85-8%]. 

In each of the preparations listed in Table 1, the yield is based on the distilled product. 
Each product was tested for the presence of chloride but it was invariably absent. In the 
preparation of the zirconium compounds, the zirconium tetrachloride was added to the lithium 
dialkylamide through a transfer tube under nitrogen. 


TABLE 1. 
Wt. of 
MCI, * Product Found (%) Calc. (%) 
Compound (g.) g. yield (%) B.p./mm. Colour M* NR, M* NR, 
Ti(NMe,), ... 15-0 15-1 85 50°/0-05 Yellow 21-0 77-4 21-4 78-6 
Ti(NPr*,), .. 6-7 12-0 76 150/0-1 Red 10-8 89-5 10-7 89-3 
Ti(NBu',), .. 8-5 12-1 48 170/0-1 Red 8-6 91-1 8-5 91-5 
Ti(NC,H4o),.- 13-5 12-2 45 180/0-1 Red ¢ 12-4 86-3 12-5 87-5 
Zr(NMe,), a3 34-0 23-1 59 80/0-05 White ® 33-7 66-5 34-1 65-9 
Zr(NEt,), «... 23-0 25-3 79 120/0-1 Green 24-1 76-0 24-0 76-0 


* M=Tior Zr. * M.p. 100°. ;* M. p. 70°. 


Aminolysis of Tetrakisdialkylamino-derivatives of Titanium and Zirconium.—tThe following 
experiment is typical of all the others. Diethylamine (180 c.c.) was added to tetrakisdimethyl- 
aminotitanium (10-4 g.), and the solution refluxed under a fractionating column. Dimethyl- 
amine was immediately detected in the distillate and was fractionated off as it formed. The 


TABLE 2. 
Duration Found (%) Calc. (%) 
Yield of Total Total 
Reactants * Product (%) reaction B.p.j/mm. Colour M NR, M NR, 
Ti(NMe,), + Pr®9sNH  Ti(NMe,)(NPr*,); 89 3 days 95°/0:05 Yellow 12-1 86-7 12-2 87-8 
Ti(NMe,), + Pr.NH Ti(NMe,),(NPr.)t — 6days 80/005 Orange* 193 — 17-1 82-9 
Ti(NMe,), + Bu',NH pr” al 80 3days 170/0-1 Red 10-3 89-0 10-0 90-0 
pe + C,H,.NH Ti(NC,;H,,), 85 24hr. 108/0-1* Red 12-4 87-4 12-5 87-5 


” 4. GHigNH Ti(NMe,)(NC,H,,), 78  5days 160/01 Red 12-7 85:8 12-4 876 
+ C,H,,NH TUNMey),(NG Hu) 52 3days 120/005 Red 16-0 81-5 16-4 836 


Ti(NEt,), +C "H, NH Ti(NC,Hyo), 89 36 hr. See above 12-5 87-0 12-5 87-5 
Pr,NH No reaction several days 

Zr(NMe,), ao Et,NH Zr(NEt,),4 87 16hr. 120/01 Green 24-4 76-0 24-0 76-0 
- + Pr,NH Zr(NPr*,), 80 3 days 165/0-1 Green 18-8 80-6 18-5 815 

“ + Pr',NH Zr(NMe,),(NPr',), 80 7 days subl. Green 24-1 76-2 24-0 76-0 

100/0-05 

" + a Zr(NCgHy.)4 56 2 days 190/0-1 Blue 19-1 — 189 81-1 
C,H,NH Zr(NC,H,,), 26 6 days 200/005 Red 173 — 16-9 83-1 

Zr(NEt,), + Pr,NH Zr(NEt,),(NPr',) 84 2 days 112/005 Green® 22-6 77-3 22-4 77-6 
- + Bu,NH Zr(NBu’,), 77 4 days 180/0-1*¢ Green 15-3 84-5 15-1 849 

- + CsHigNH Zr(NC,Hyo), 62 6hr. 190/024 Brown 21-3 78-0 21-3 787 


* NC,H,, = piperidino; NC,H,, = 2-methylpiperidino; and NC,H,, = 2 ,6-dimethylpiperidino. 
t This product was a mixture with Ti(NMe,),. * M. p. 40°. ® M.p. 40°. ¢ Sublimes. ¢ M. p. 80°. 
* M.p. 100° 

reaction was continued (about 5 days) until gas—liquid chromatography of the distillate proved 

that dimethylamine was absent. Removal of the diethylamine under reduced pressure followed 

by distillation of the residue afforded the pale yellow trisdiethylamino(mono)dimethylamino- 

titanium (13-45 g., 94%), b. p. 95°/0-05 mm. [Found: Ti, 15-8; Total base, 85-2. 


5 Gilman, Beel, Brannen, Dunn, and Miller, J. Amer. Chem. Soc., 1949, '71, 1499. 
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Ti(NMe,)(N Et,), requires Ti, 15-5; Total base, 845%]. The presence of both dimethylamino- 
and diethylamino-groups in the product was proved by gas-liquid chromatography of the 
volatile products of alcoholysis of asample. This technique of checking the presence of different 
dialkylamino-groups and the general method outlined above were adopted for all other reactions, 
the results of which are summarised in Table 2. 

Molecular-weight Determinations.—Some measurements were carried out in benzene by using 
the previously described ° all-glass ebulliometer and the method of internal calibration ? using 
fluorene. The results are given in Table 3. 


TABLE 3. 
Range in wt. Fluorene: M 
Compound of cpd. (g.) AT/m range in wt. (g.) AT/m Found Calc. 
Ti(NMe,), .-.--+--- 0-0575—0-2094 131° 0-0092—0-0813 194-4° 247 224-2 
Ti(NEt,), .-------- 0-0880—0-2391 50-0 0-0341—0-0896 98-2 327 336-4 
Ti(NC,Hyo)4 «+--+ 0-0152—0-1720 78-5 0-0118—0-0897 172-0 362 384-5 
Zr(NMeq), «-------- 0-0720—0-2485 88-9  0-0116—0-0710 173-9 325 267-5 
Zr(NEt,), «--+---+- 0-0730—0-2707 88-4 0-0185—0-0904 190-0 358 379-7 


The high value found for tetrakisdimethylaminotitanium suggested a small degree of 
polymerisation in this compound. However, subsequent work has shown that this compound 
is appreciably volatile in benzene and hence the molecular-weight determination is suspect. 
The volatility of this compound suggests that it is monomeric. 

Alcoholysis of Dialkylamino-metal Compounds.—Qualitative experiments showed that 
alcohols reacted vigorously with these titanium and zirconium compounds to release the amine 
and form the metal alkoxide. The quantitative aspect of this reaction was demonstrated by 
the following reaction. n-Butanol (60 c.c.) was added to tetrakisdi-n-propylaminotitanium 
(5°30 g.) dissolved in benzene (10 c.c.) and caused an exothermic reaction. Di-n-propylamine 
was separated by fractional distillation and the excess of butanol was evaporated off under 
reduced pressure. Distillation of the residue gave titanium tetra-n-butoxide (3-85 g., 95%) 
(Found: Ti, 13-9; NPr®,, ca. 1%. Calc. for Ti(OBu),: Ti, 14-1%]. 
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766. Steps towards the Synthesis of the Histidine?-hypertensin* Analogue. 
Part I. Synthesis of an Intermediate Protected Heptapeptide. 


By D. THEODOROPOULOS and J. GAZOPOULOS. 


Histidine, protected in the glyoxaline ring, has been used in the 
synthesis of the blocked heptapeptides, benzyloxycarbonyl-l(or 3)-benzyl- 
L-histidyl-L-valyl-L-tyrosyl-L-isoleucyl-l(or  3)-benzyl-L-histidyl-L-prolyl]-1- 
phenylalanine methyl and benzyl ester. The intermediate tetrapeptide, L- 
isoleucyl-l(or 3)-benzyl-t-histidyl-L-prolyl-L-phenylalanine methyl ester di- 
hydrobromide has been synthesised by two routes, and the products compared 
by optical rotation. 


A FEW years ago we applied I(or 3)-benzyl-1-histidine ! to the synthesis of histidyl- 
peptides,? finding that protection of the glyoxaline ring facilitated the incorporation of 
histidine into the chain and usually led to pure crystalline end products in high yield. 
Moreover protection of the glyoxaline ring decreases the polar character of the resulting 


? du Vigneaud and Behrens, J. Biol. Chem., 1937, 117, 27. 
* Theodoropoulos, J. Org. Chem., 1956, 21, 1550. * See footnote, p. 3862. 
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peptide and increases its solubility in organic solvents which is of practical importance jn 
synthetical work. 

In our studies of synthetic analogues of isoleucine hypertensin,® we used histidine 
protected in the glyoxaline ring for the synthesis of benzyloxycarbonyl-1(or 3)-benzyl-1- 
histidyl-1-valyl-L-tyrosyl-L-isoleucyl-1(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine 
methyl ester, which is the key intermediate for the total synthesis of the histidine’. 
hypertensin analogue * and occupies positions 3—8 in isoleucine-hypertensin except that 
its N-terminal histidyl residue has replaced the arginine residue located at position 2 in the 
hormone. 

Synthesis of the hypertensin analogue in which the arginine residue is replaced by 
histidine has been of special interest since the finding that the basicity of the side chain in 
vasopressin * influences the pressor activity of the hormone. Whether a similar result 
occurs with hypertensin seemed worthy of investigation. 

Benzyloxycarbonyl-1l(or 3)-benzyl-L-histidine 2 was condensed with L-valyl-L-tyrosine 
methyl ester by the carbodi-imide method,° to give crystalline benzyloxycarbony]-1 (or 3)- 
benzyl-t-histidyl-L-valyl-L-tyrosine methyl ester in high yield. Hydrolysis then afforded 
benzyloxycarbonyl-1 (or 3)-benzy]-1-histidyl-L-valyl-L-tyrosine in 80% yield. 

Benzyloxycarbonyl-L-isoleucyl-l(or 3)-benzyl-L-histidine (obtained by hydrolysis of 
its benzyl ester ®) was coupled with L-prolyl-L-phenylalanine methyl ester in NN-dimethyl- 
formamide by means of dicyclohexylcarbodi-imide. The oily crude product was treated 
with hydrogen bromide,’ giving L-isoleucyl-l(or 3)-benzyl-L-histidyl-L-prolyl-L-phenyl- 
alanine methyl ester dihydrobromide, a solid which appeared to be homogeneous on paper 
chromatography in two solvent systems and on hydrolysis by acid and paper chrom- 
atography gave spots corresponding to all the expected amino-acids as well as a weak spot 
corresponding to histidine. These results indicated the sequence isoleucyl-l(or 3)- 
benzylhistidylprolylphenylalanine but provided no information regarding the optical 
homogeneity. y 

The synthesis was therefore undertaken again, starting from the CO,H-terminal end, 
one amino-acid being added at a time, a procedure which is presumed to proceed with 
little or no formation of diastereoisomers.§ Benzyloxycarbonyl-1(or 3)-benzyl-.-histidine 
with L-prolyl-L-phenylalanine methyl ester gave, by the carbodi-imide method, oily 
benzyloxycarbonyl-l(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine methyl] ester which 
with hydrogen bromide in acetic acid afforded 1(or 3)-benzyl-t-histidyl-L-prolyl-L-phenyl- 
alanine methyl ester dihydrobromide f in crystalline form. The tripeptide ester was 
set free by triethylamine and then coupled with benzyloxycarbonyl-t-isoleucine ® by the 
carbonic mixed anhydride procedure ® in tetrahydrofuran. This tetrapeptide also was 
an oi], but with hydrogen bromide gave L-isoleucyl-l(or 3)-benzyl-L-histidyl-L-prolyl-1- 
phenylalanine methyl ester dihydrobromide identical in optical rotation with that obtained 
by the earlier route. 

Attempts to saponify the protected tetrapeptide methyl ester with the equivalent 
amount of sodium hydroxide at room temperature did not give satisfactory results. At 
higher temperature (e.g., at 60—65° for 2 min.) an appreciable amount of the acid, benzyl- 
oxycarbonyl-t-isoleucyl-l(or 3)-benzyl-.-histidyl-L-prolyl-t-phenylalanine, was obtained 

* This terminology denotes that a histidine residue replaces the amino-acid residue normally present 
at position 2 of hypertensin [Schwyzer, Chimia (Switz.), 1957, 11, 335). 


+ The sequence His.Pro.Phe. occurs also in valine-hypertensin isolated by Peart (Biochem. J., 1956, 
62, 520). 


Skeggs, Lentz, Kahn, Shumway, and Woods, J. Exp. Med., 1956, 104, 193. 

Katsoyannis and du Vigneaud, Arch. Biochem. Biophys., 1958, 78, 555. 

Sheehan and Hess, J. Amer. Chem. Soc., 1955, 75, 1068. 

Theodoropoulos and Félsch, Acta Chem. Scand., 1958, 12, 1955. 

Ben-Ishai and Berger, J. Org. Chem., 1952, 17, 1564. 

Schwarz and Bumpus, J. Amer. Chem. Soc., 1959, 81, 890. 

Theodoropoulos and Craig, J. Org. Chem., 1955, 20, 1169. 

Boissonnas, Helv. Chim. Acta, 1951, 34, 874; Vaughan, J. Amer. Chem. Soc., 1951, 78, 3547. 
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and hydrogenolysis “ then afforded L-isoleucyl-1 (or 3)-benzyl-L-histidyl-L-prolyl-L-phenyl- 
alanine which was isolated as the dihydrate. This tetrapeptide was readily converted into 
its benzyl ester on azeotropic distillation with benzyl alcohol and toluene-p-sulphonic acid 
in carbon tetrachloride; this esterification process, successfully used with amino-acids, 
is well suited also for peptides also—a lysyl-tripeptide thus synthesised was completely 
digestible by trypsin. 

The free tetrapeptide benzyl ester was condensed with benzyloxycarbonyl-l(or 3) - 
benzyl-L-histidyl-L-valyl-t-tyrosine by the carbodi-imide method in NN-dimethyl- 
formamide, giving crystalline benzyloxycarbonyl-l(or 3)-benzyl-1-histidyl-1-valyl-1- 
tyrosyl-L-isoleucyl-1(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine benzyl ester. 

In a similar manner the free tetrapeptide methy] ester, condensed with the tripeptide 
derivative, afforded the crystalline protected heptapeptide, benzyloxycarbonyl-l(or 3)- 
benzyl-L-histidyl-L-valyl-L-tyrosyl-L-isoleucyl-l(or 3)-benzyl-L-histidyl-L-prolyl-L-pheny]- 
alanine methyl ester in 60—65% yield. The elementary composition was correct and 
paper chromatography of a hydrolysed sample revealed the presence of valine, tyrosine, 
isoleucine, proline, phenylalanine, and l(or 3)-benzylhistidine. The last acid gave a more 
intense spot and appeared to be stable under the usual conditions of hydrolysis with acid, 
since only a faint spot at the position of histidine could be detected. A sample of l(or 3)- 
benzyl--histidine, hydrolysed under the same conditions, gave a weak spot at the position 
of histidine. 


EXPERIMENTAL 


All peptides tested were shown to contain the appropriate amino-acids by hydrolysis in 
6n-hydrochloric acid at 105° for 24 hr. followed by paper chromatography. The solvent 
systems used were (a) butan-l-ol-acetic acid—water (4: 1: 5), (6) butan-2-ol-formic acid—water 
(1:3: 2), and (c) butan-l-ol-acetic acid—pyridine-water (15:3:10:12). Whatman no. 1 
paper was used and development was with 0-1% ninhydrin solution in ethanol. Tetrahydro- 
furan and ether were freshly distilled over sodium. 

Benzyloxycarbonyl-L-isoleucyl-1(or 3)-benzyl-L-histidine.—A suspension of benzyloxycarbonyl- 
L-isoleucyl-1(or 3)-benzyl-L-histidine benzyl ester * (11-64 g.) in ethanol (30 ml.) was treated at 
room temperature with 2N-sodium hydroxide (11 ml.; 10% excess) in portions, with shaking, 
during 15 min. The ester, which at the beginning was partly in solution, dissolved as the 
hydrolysis proceeded. After 45 min. the solution was diluted with water (300 ml.), and the 
precipitate was acidified with acetic acid. The product, after cooling, was filtered off, washed 
with 1% acetic acid and water, and dried. Recrystallisation was effected by dissolving the 
product (7-8 g., 80%) in 96% ethanol and precipitating it with ether; it then had m. p. 173— 
174°, [a),,2* —23-5° (c 1-1 in acetic acid) (Found: C, 65-4; H, 6-3; N, 11-0. C,,H3,N,O, requires 
C, 65°8; H, 6-5; N, 11-3%). 

L-Prolyl-L-phenylalanine Methyl Ester Hydrochloride.—Benzyloxycarbonyl]-L-proline (2-49 g.) 
was condensed with L-phenylalanine methyl ester hydrochloride (2-12 g.) by the carbonic mixed 
anhydride procedure in tetrahydrofuran. The solvent was removed under reduced pressure 
and the oily residue was taken up in ether and washed with dilute hydrochloric acid, sodium 
hydrogen carbonate solution, and water. After being dried (Na,SO,) the solvent was removed 
and the oily residue (2-9 g., 70%) was dissolved in absolute methanol (20 ml.) containing 0-23 g. 
of hydrogen chloride. It was hydrogenated in the presence of palladium black (0-5 g. of oxide) 
and then treated as previoysly described."5 The product (1-8 g., 80%) had m. p. 158—159° 
(lit., 157—158°,15 162—164° 16). 

Benzyloxycarbonyl-1(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine Methyl Ester.—A suspen- 
sion of benzyloxycarbonyl-I(or 3)-benzyl-L-histidine (1-89 g.) in methylene chloride (20 ml.) 
was almost dissolved by addition of triethylamine (0-55 g.) and to this solution were added 

1! Bergmann and Zervas, Ber., 14932, 65, 1192. 

12 Cipera and Nicholls, Chem. and Ind., 1955, 16. 

18 Theodoropoulos, Bennick, Félsch, and Mellander, Nature, 1959, 184, 187. 

™ Theodoropoalos, Nature, 1959, 184, 1634. 

8 Rittel, Iselin, Kappeler, Rinniker, and Schwyzer, Helv. Chim. Acta, 1957, 40, 614. 

** Schwarz, Bumpus, and Page, J. Amer. Chem. Soc., 1957, 79, 5697. 
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successively L-prolyl-L-phenylalanine methyl ester hydrochloride (1-56 g.) and NN-dicyelo. 
hexylcarbodi-imide (1 g.). The mixture was stirred at room temperature for 18 hr. and then 
dicyclohexylurea was removed. The filtrate was evaporated at 50°/1 mm. and the syrup 
was dissolved in ethyl acetate (100 ml.). This solution was washed with 10% aqueous lithium 
carbonate and water and dried (Na,SO,). The solvent was removed under reduced pressure, 
leaving an oil (2-1 g., 80%) which was used without purification. 

l(or 3)-Benzyl-L-histidyl-L-prolyl-L-phenylalanine Methyl Ester Dihydrobromide.—The preced- 
ing oily product was dissolved in glacial acetic acid (5 ml.) saturated with hydrogen bromide 
and set aside for $ hr. Addition of dry ether precipitated the product, which was quickly 
filtered off, washed with ether, and placed immediately in a desiccator (P,O;). After two days 
the product (2-1 g., 80%) was purified from tetrahydrofuran-ether and had m. p. 208—209° 
(decomp.). A sample for analysis was dried in a high vacuum at 75° for 12 hr. (Found: N, 
10-5; Br, 24-0. C,,H,,N,O,,2HBr requires N, 10-5; Br, 240%). 

Benzyloxycarbonyl-L-isoleucyl-\(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine Methyl Ester, 
—(a) Benzyloxycarbonyl-.-isoleucine (0-7 g.) and dried triethylamine (0-25 g.) were dissolved in 
dry tetrahydrofuran (5 ml.) at —10°. Ethyl chloroformate (0-27 g.) was added and after 5 min. a 
cooled solution of 1(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine methyl] ester dihydrobromide 
(1-66 g.) and triethylamine (0-5 g.) in tetrahydrofuran (10 ml.) wasadded. The temperature was 
allowed to rise and the mixture left for $ hr. at room temperature. Then it was filtered and 
the filtrate evaporated to dryness. The oily residue was taken up in ethyl acetate (100 ml.) 
and washed with dilute sodium hydrogen carbonate solution and water and dried (Na,SO)). 
Evaporation under reduced pressure gave the tetrapeptide derivative (1-1 g., 60%) as an oil. 

(b) Benzyloxycarbonyl-L-isoleucyl-l(or 3)-benzyl-L-histidine (2-46 g.) was dissolved in NN- 
dimethylformamide (20 ml.) by addition of triethylamine (0-7 ml.). To this solution L-prolyl- 
L-phenylalanine methyl ester hydrochloride (1-5 g.) and dicyclohexylcarbodi-imide (1 g.) were 
successively added and the mixture was stirred for 18 hr. Dicyclohexylurea was filtered off and 
the solvent was removed at 50°/1 mm. The residual oil was taken up in ethyl acetate (150 ml.) 
and treated as above. The tetrapeptide methyl ester (2-9 g., 79%) was again oily. 

L-Isoleucyl-l(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine Methyl Ester Dihydrobromide.— 
A solution of benzyloxycarbonyl-L-isoleucyl-l(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine 
methyl ester (3-65 g.) in acetic acid (10 ml.) was saturated with hydrogen bromide and set aside 
for } hr. Addition of dry ether precipitated the product which was dissolved in hot isopropyl 
alcohol and reprecipitated by ether. This process was repeated and the product (2-6 g.) placed 
in a desiccator (P,O,). A sample for analysis was dried under a high vacuum at 75° for 3 hr. 
(Found: N, 10-1; Br, 20-4. C,,H,,N,O,;,2HBr requires N, 10-4; Br, 20-5%); it had al,™ 
+ 24° (c 1 in acetic acid), Rp 0-85 in solvent (a), 0-77 in solvent (0). 

Benzyloxycarbonyl-L-valyl-L-tyrosine Methyl Ester.—Benzyloxycarbonyl-t-valine 1” was con- 
densed with L-tyrosine methyl ester by the mixed anhydride procedure in tetrahydrofuran; the 
dipeptide derivative, which was precipitated by addition of water, had m. p. 143—145° and 
after recrystallisation from ethyl acetate-light petroleum ether, m. p. 146—148° (lit., 144— 
147°, 155-5—156-5° #*) (Found: C, 64-45; H, 6-5; N, 6-6. Calc. for C,,H,,N,O,: C, 645; 
H, 6-5; N, 6-5%). 

L-Valyl-t-tyrosine Methyl Ester Hydrochloride.—Benzyloxycarbonyl-.-valyl-.-tyrosine 
methyl ester (4-5 g.) in absolute ethanol (10 ml.) containing 0-3 g. of hydrogen chloride was 
hydrogenated in the presence of 0-3 g. of palladium oxide. When evolution of carbon dioxide 
ceased hydrogenation was discontinued, the catalyst filtered off, and the solution evaporated 
in vacuo at 35°. The remaining oil was dissolved in the minimum amount of acetone and by 
addition of dry ether a wax was precipitated. This wax was washed with more ether and on 
trituration under ether solidified. The hygroscopic product (3-3 g.) had [aJ,,** +32-5° (c 1 in 
MeOH), Ry 0-91 in solvent (c). 

Benzyloxycarbonyl-\(or 3)-benzyl-.-histidyl-L-valyl-L-tyrosine Methyl Ester.—Benzyloxycar- 
bonyl-l(or 3)-benzyl-t-histidine (3-79 g.) was almost dissolved in NN-dimethylformamide 
(20 ml.) by addition of triethylamine (1-01 g.) and then were added t-valyl-L-tyrosine methyl 
ester hydrochloride (2-58 g.) and dicyclohexylcarbodi-imide (2 g.). The mixture was stirred 
for 18 hr., then dicyclohexylurea was removed. The filtrate was diluted with water (800 ml). 
The precipitate was filtered off, washed with water, and dried. Purification was by dissolution 
in ethanol and precipitation with ether-light petroleum (1:1). The product (4-4 g., 73%) 
17 Synge, Biochem. J., 1948, 42, 99. 
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had m. p. 193—195°, [a],** —8-2° (c 2 in acetic acid) (Found: C, 65-8; H, 6-25; N, 10-6. 
CsHa N50, requires C, 65-9; H, 6-3; N, 10-7%). ’ 

Benzyloxycarbonyl-\(or 3)-benzyl-L-histidyl-L-valyl-L-tyrosine.—To a suspension of the above 
ester (1°63 g.) in 96% ethanol (10 ml.) was added n-sodium hydroxide (3 ml.) and the mixture 
was stirred at room temperature for 1 hr. The ester dissolved. On addition of water (200 ml.) 
a gelatinous precipitate was deposited. After acidification with acetic acid the precipitate 
was filtered off, washed with 1% acetic acid and water, dried (P,O,), dissolved in boiling ethanol- 
ethyl acetate (1: 2), and reprecipitated with light petroleum. The product (1-28 g., 80%), m. p. 
185—187°, was a white solid (Found: C, 65-45; H, 6-1; N, 11-0. C,;H3gN,O requires C, 65-5; 
H, 6:1; N, 10-9%). 

Benzyloxycarbonyl-L-isoleucyl-\(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine.—To a solu- 
tion of benzyloxycarbonyl-L-isoleucyl-1(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine methyl 
ester (4 g.) in methanol (10 ml.) was added sodium hydroxide (0-3 g.). The solution was heated 
to 60° for 1 min. and vet aside for 4 hr. This was repeated and finally the solution was diluted 
with water (100 ml.) and acidified with acetic acid. A sticky compound was produced which 
slowly solidified. After recrystallisation from the minimum amount of ethanol, it (1-9 g.) had 
m. p. 192—193°, [a},*4 —24-2° (c 0-9 in acetic acid) (Found: C, 66-7; H, 65; N, 11-2. 
CyHysN,0, requires C, 66-8; H, 6-6; N, 11-4%). 

t-Isoleucyl-\(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine.—A solution of benzyloxy- 
carbonyl-L-isoleucyl-l(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine (1-83 g.) in absolute 
ethanol (20 ml.) was hydrogenated in the presence of palladium (0-3 g. of oxide). When the 
evolution of carbon dioxide ceased, the catalyst was removed and the filtrate evaporated under 
reduced pressure. The remaining oil was dissolved in acetone and by addition of dry ether the 
product (1-3 g.) was precipitated. It was at once filtered off and placed in a desiccator (P,O,). 
A sample for analysis, dried under a high vacuum at 60° for 1 hr. (Found: C, 62-0; H, 7-3; N, 
13:2. C3,HyN,O;,2H,O requires C, 62-0; H, 7-3; N, 13-15%), had fa],** + 19° (c 1 in acetic 
acid), Ry 0-76 in solvent (0). 

L-Isoleucyl-\(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine Benzyl Ester Ditoluene-p-sul- 
phonate.—The above tetrapeptide (0-5 g.), toluene-p-sulphonic acid monohydrate (0-33 g., 10% 
excess), and benzyl alcohol (5 ml.) were heated on a steam bath, the liberated water being 
removed azeotropically with carbon tetrachloride. After } hr. no more water was removed and 
addition of ether precipitated the product. This was washed with ether (yield, 0-9 g.) and used 
without purification in the next step (Found: N, 7-85. CsgHg,N,O,,S,,H,O requires N, 8-2%); 
it had Rp 0-95 in solvent (c). 

Benzyloxycarbonyl-l(or 3) -benzyl-L-histidyl-L-valyl-L-tyrosyl-L-isoleucyl-l(or 3)-benzyl-L- 
histidyl-L-prolyl-L-phenylalanine Methyl Ester.—A solution of benzyloxycarbonyl-1(or 3)-benzyl- 
L-histidyl-L-valyl-L-tyrosine (0-9 g.) in NN-dimethylformamide (5 ml.) was mixed with L-iso- 
leucyl-l(or 3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine methyl ester dihydrobromide (1-09 g.) 
in NN-dimethylformamide (10 ml.) and triethylamine (0-4 ml.). Then dicyclohexylcarbodi- 
imide (0-3 g.) was added and the mixture was stirred at room temperature for 18 hr. Next ethyl 
acetate (100 ml.) was added and, after cooling to 0°, dicyclohexylurea was removed. The 
solvent was evaporated under reduced pressure and the residue was taken up in ethyl acetate 
(100 ml.). This solution was washed with 10% aqueous lithium carbonate and water, dried 
(Na,SO,), and evaporated under reduced pressure. Addition of ether started crystallisation. 
On cooling and filtration 1-25 g. of product were obtained. The material was dissolved in 
absolute ethanol (30 ml.), decolorised with charcoal, and precipitated with ether-light 
petroleum (2:1); it (1 g.) had m. p. 158—160°, [a),,** —28-6° (c 1 in acetic acid) (Found: C, 
66-45; H, 6-7; N, 12-3. C,ygH,,N,,0,, requires C, 66-8; H, 6-6; N 12-4%). 

Benzyloxycarbonyl-\(or - 3)-benzyl-t-histidyl-L-valyl-L-tyrosyl-L-isoleucyl-l(or  3)-benzyl-L- 
histidyl-L-prolyl-.-phenylalanine Benzyl Ester.—The benzyl ester, prepared similarly in 60% 
yield from benzyloxycarbonyl-l(or 3)-benzyl-t-histidyl-t-valyl-L-tyrosine and L-isoleucyl-1(or 
3)-benzyl-L-histidyl-L-prolyl-L-phenylalanine benzyl ester di-toluene-p-sulphonate, had m. p. 
145—147°, {a),** —27° (c 1 in acetic acid) (Found: C, 68-2; H, 6-35; N, 116. C)HyN),O, 
requires C, 68:5; H, 6-5; N, 127%). 


This investigation was partly supported from the Royal Hellenic Research Foundation. 
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767. Photochemical Decomposition of Water by Ferrous Ions. 
By E. Hayon and J. WEIss. 


Re-investigation of the photochemistry of ferrous ions in aqueous 
solutions, with particular regard to the dependence of the initial quantum 
yields on the hydrogen-ion and ferrous sulphate concentrations, gave results 
in agreement with the mechanism previously proposed. This is confirmed by 
irradiation in the presence of a second solute (acrylic acid). 

It is assumed that the primary process gives an excited ferrous ion which 
can lead to formation of a hydrogen atom. The pH-dependence is discussed 
from the point of view of the participation of H,* in the reaction and inter- 
action of the excited ferrous ions with hydrogen ions. 


IRRADIATION of aqueous solutions of ferrous sulphate with light of the quartz ultraviolet 
region, in the absence of oxygen, leads to molecular hydrogen and ferric salt. Rigg and 
Weiss ? found that the quantum yield of oxidation of ferrous ions under these conditions 
depends on the hydrogen-ion concentration. 

The present re-investigation had as objects to obtain more accurate data, particularly 
on the initial quantum yields, and to investigate the reaction over a wider range of ferrous 
sulphate and sulphuric acid concentrations. 

The results confirm the pH-dependence of the quantum yields of the photochemical 
decomposition of water by ferrous ions. 


RESULTS 


To obtain as nearly as possible the initial yields it:is important to use the smallest practical 
amounts of radiation and to reduce to a minimum the traces of ferric salt present in solution 
before irradiation. : 

Fig. 1 shows the change in the yield of ferric salt with time of irradiation at different pH’s, 
in de-aerated 0-1M-ferrous sulphate. Fig. 2 (circles) is a plot of the initial yields of photo- 
chemically produced ferric salt against pH, as obtained from the yield—dose curves (Fig. 1). 
Fig. 2 (top curve) shows also a corresponding plot of the initial yields in solutions after removal 
of the traces of ferric salt by reduction with spectroscopically pure iron before irradiation. In 
every case, a marked dependence of the initial quantum yields on pH was observed. The 
initial yields decreased with increasing pH, especially above pH 1-5, seemingly approaching 
zero. Elimination of the initial traces of ferric iron increases the initial quantum yield. 

The quantum yields were found to depend also on the concentration of the ferrous sulphate, 
particularly at low pH’s. Fig. 3 shows this dependence of the yields on the time of irradiation 
at pH 0-5 in the concentration range 0-1—1m-ferrous sulphate. The dependence of the initial 
yields on the ferrous sulphate concentration at different pH is more clearly shown again in 
Fig. 4. 

The quantum yields also show some increase with increasing concentration of sulphuric acid. 
Fig. 5 gives the dependence of the initial quantum yields in solutions up to 10N-sulphuric acid, 
over the range of 0-1—1-0m-ferrous sulphate. In >4Nn-acid, experiments could only be carried 
out at the lower ferrous sulphate concentrations owing to the limited solubility of ferrous 
sulphate. 

Some experiments were also carried out in the presence of a second solute, acrylic acid, which 
is known to be a good acceptor for hydrogen atoms. Above a certain concentration, acrylic 
acid might be expected to compete for the hydrogen atoms produced in the primary photo- 
chemical process, apart from other possible reactions which will be discussed below. 

Fig. 6 shows the dependence of the quantum yield on time of irradiation, at different pH’s in 
0-1m-ferrous sulphate in the presence of 0-1m-acrylic acid. Fig. 7 shows the pH-dependence of 
the initial yields of ferric salt in the presence of acrylic acid: the yield of ferric iron is here 
appreciably reduced and decreases very rapidly with increasing pH. 

1 Weiss, Nature, 1935, 186, 794; (b) Potterill, Walker, and Weiss, Proc. Roy. Soc., 1936, A, 156, 


561; (c) Weiss, Trans. Faraday Soc., 1941, 37, 463. 
* Rigg and Weiss, J. Chem. Phys., 1952, 20, 1194. 









Violet 
g and 
litions 


ularly 
eTTOUS 


-mical 


1ctical 
lution 


pH's, 
photo- 
ig. 1). 
moval 
1. In 
The 
ching 


phate, 
‘iation 
initial 
ain in 
> acid. 
> acid, 
arried 
eTTOUS 


which 
crylic 
yhoto- 
H’s in 
nce of 
s here 


1, 156, 


iS 
& 
3 







4 
” 











[1960] Photochemical Decomposition of Water by Ferrous Ions. 3867 






Fic. 1. Photo-oxidation of de-aevated ferrous 
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DISCUSSION 
. ° e 
The present work confirms the previous results, that the quantum yield of photo- b 
chemical oxidation of ferrous ions in de-aerated aqueous solutions is strongly dependent fi 
on the hydrogen-ion concentration, contrary to the recent report by Lefort and Douzou.3 t 
Fic. 6. Photo-oxidation of de-aevated ferrous f 
sulphate solutions (0-1m) in the presence of 
acrylic acid (0-1m). Dependence of the relative 
yields of ferric salt on time of irradiation at 
Fic. 5. Photo-oxidation of de-aerated ferrous different pH’s, at constant absorbed light 
sulphate solution. Dependence of the relative intensity. pH for the curves, reading down- 
initial yields of ferric salt on the concentration wards, 0-2, 0-5, 0-65, 1-25, 1-4, 1-9, and 2-2. 
of sulphuric acid at constant absorbed light 10 
intensity. (Initial Fe™! removed by metallic | 
iron.) C 
6 - 
8 
a 
> = 
2 - ; 
&§ > 6 
? g 
2 - , 
.~ & : | 
oS ad 
8 he im 
N re 
hg (@) 1 rl 4 - ; 
. 
oO 4 ; 8 /? & 2 k 
Sulphuric acid (equiv, 1.) . 
(— 0-Im-FeSO,. © 1-0m-FeSO,. : ( 
(@) 1 j y : 
O 60 120 180 : 
Time or irradiation(sec) 
' 
a Fic. 9. Absorption spectra of (1) ferric 
Fic. 7. Photo-oxidation of de- sulphate (3 x 10-‘m in 0-01N-H,SO,), 
aerated ferrous sulphate solutions (2) ferrous sulphate (3 x 10M in 
(O-1m) im the presence of acrylic 4 PY ae : 
; 0-1N-H,SO,), (3) acrylic acid 
acid (0-1mM). pH-Dependence of Fic. 8. Silica (1-5 x 10-4). 
the relative initial yields of ferric dwadiation coll 
salt at constant absorbed light : 3 
intensity. j 
15} ' 
D2 A 
“> 4h = / 
re) 4 
§ 8 $ ‘Or 
‘o D b 
Na = f 
= ZL 8 2 E 
S ~ fs 
~ gOS} : 
8 c ° ; 
“Yo ‘ : - 
o / 2 ~ 
pH 200 250 300 350 
Wavelength (mp ) 


Increase of pH up to 3-5 causes a continuous fall in the ferric yield, particularly above 


pH 1-5, tending towards zero (Fig. 2). The yield of molecular hydrogen measured under 
the same conditions follows a similar trend over the same pH range. 


* Lefort and Douzou, J. Chim. Phys., 1956, 58, 536. ' 
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The primary absorption of a light quantum has been stated to result in the formation of 
excited ferrous ion (Fe**,H,O~). The assumption of a photoexcited complex, made first 
by Farkas and Farkas,‘ appears to be in general agreement with the results. Moreover, 
for positive ions, the existence of an excited state of finite life is also to be expected on 
theoretical grounds. The following primary processes * have been put forward to account 
for the results obtained: 


Excitation: (Fe®*,H,O) + hv —» (Fe**,H,O-)---(J,). . . . . (I) 
(Excited state) 

Deactivation: (Fe*+,H,O-) —» (Fe?*,H,O) + Energy---(k,). . (2) 

Dissociation: (Fe*,H,O-) —» Fe** + OH~ + H---(hs). . . (3) 


It has been assumed previously that reaction (3) is followed by formation of H,* and 
oxidation of the ferrous ion: 


eS OY | (nm 
H,? + Bet ep Meh ssf ks oie 


The simple scheme (l1—5) accounts formally and adequately for the experimental facts, 
at least qualitatively. It has now become apparent that the H,* equilibrium is normally 
very much on the right-hand side, 7.e., that the spontaneous dissociation is relatively slow. 
The recent work by Eigen ® on the rate of ionic dissociation would be in keeping with this. 
However, this may not be the only pH-dependent process involved. The excited ferrous 
ion may react with hydrogen ions: 


Dissociation (acid-catalysed) : 
(Fe**,H,O-) + H+ —» Fe**+,HO0O+H .... . (8) 


Our experiments show that the back-reaction involving ferric ions must be taken into 
account. This is essential, not only under the conditions of the experiments of, e.g., Rigg 
and Weiss,” where irradiation covered a period of time, but also for the so-called initial 
yields, because even under the present conditions the ferric-ion concentration is sufficiently 
high for reactions such as: 


H + Fe®+ —» Ht + Fe**.--(R) 2. 2. 2... . (8 
and, at higher pH’s: 
H + FeOH?* —» H,O + Fe**.--(k,) . 2. . . . (7) 
The species FeOH?* is present in the equilibrium: 
Fe+ + H,O [> FeOH** + H*.--(K,) . . . . . (8) 


According to Fig. 5, increase in the sulphuric acid concentration from N to 10N increases 
the photochemical yield, probably owing to the increase in the hydrogen-ion concen- 
tration although in the concentrated solutions very little is known about the ionic species 
present. There is also some increase in the quantum yields in going from 0-1N to 
M-ferrous sulphate solution (Fig. 4). This is more marked at low pH’s, although even 
under the most favourable conditions the dependence is relatively very weak which suggests 
that it may not be a first-order effect. It is significant that under the conditions where 
there is an appreciable concentration effect, the ferric yield, even at the lower ferrous 
sulphate concentrations, is relatively high. Calculation shows that under these conditions 
the “inner filter effect ” of thé ferric salt must have an appreciable influence, since the 
molar extinction coefficient of ferric is about 100 times greater than of the ferrous ions. 


‘ Farkas and Farkas, Trans. Faraday Soc., 1938, $4, 1113. 
5 Eigen, Z. Elektrochem., in the press. 
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At the lowest ferrous sulphate concentration (0-1) the first measurement corresponds to a 
ferric concentration of about 3 x 10 mole per 1. of Fe™ which, under the conditions jn 
question, would absorb about 30% of the incident radiation. When the ferrous sulphate 
concentration is finally increased to M, 1.e., by a factor of 10, the amount of light absorbed 
by the ferric relative to the ferrous is correspondingly decreased. In addition, there wil] 
be a second effect which varies with the ferrous sulphate concentration, namely, that the 
actual “ reaction zone,” in which the photochemical process takes place, “ contracts” 
with increase in ferrous su]phate concentration, when light absorption occurs in an increas- 
ingly thinner layer at the frontal wall of the cell. This again must tend to minimise 
the “ inner filter effect ’’ of the ferric iron. It would be difficult to make an exact calcul- 
ation of this effect which must depend upon the rate of diffusion and convection of the 
ferric salt formed in the reaction zone. There can, however, be no doubt that both these 
effects will operate and this should give an increased quantum yield with increasing ferrous 
sulphate concentration; the size of this concentration-dependence is fully compatible 
with the effect found experimentally. 

Dependence on the ferrous-ion concentration appears directly in the kinetic equations 
if the reverse process of reaction (4) is taken into account. This has been done already 
in the previous work. There the ferrous-ion concentration enters directly into the 
expression for the yield. In view of the “ inner filter effect,” it is difficult to decide the 
relative importance of these different contributions. Increase of the ferrous sulphate 
concentration may manifest itself also by a kinetic “ salt effect.” 

In the presence of acrylic acid, the following type of reactions may have to be taken 
into account (A = acrylic acid): 


ea a er 
AH + Fe+—»A+Fet+Ht. . 2... . (10) 


The net result would be that the ferric yield is reduced and again tends to zero at high pH. 
Fig. 7 indicates the competitive nature of the reactions leading to the photochemical 
oxidation of ferrous sulphate in the presence of acrylic acid. 

Other reactions may also play a part in the mechanism but under the conditions of 
stationary irradiation cannot be distinguished. Such are the reaction of the excited ferrous 
ion with any ferric present in solution: 


(Fe*+,H,O-) + Fe*+ —» Fe**,H,O + Fe?*. . . . . (Il) 


which essentially is an additional deactivation process. 
In the presence of acrylic acid, the latter may possibly react with hydrogen atoms, 
reaction (9), and/or with excited ferrous ions: 


(Fe*+,H,O-) + A—» Fe*"|HO+A- . . . . . (12) 


and possibly according to: 
At ae A+ «aw ts te 


Inclusion of any or all of these processes in the mechanism would not change the 
qualitative picture, but would, of course, have an effect on the more detailed interpretation 
of the quantum yields. 

The equation for the differential quantum yield of ferric salt in the photostationary 
state, according to reactions (1) to (9), is as follows: (J,, light intensity absorbed per unit 
of volume) 


= SE — of A.) Sere ae lS (14) 
, ky + hy) (hq(H*)? + Re(Fe**)(H*) + &,Ka(Fe**) + 2(A)(H*)} 
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If the reactions (3’) and (11) of the excited ferrous ions with H* and Fe** respectively are 
taken into account, the first parenthetical term in equation (14) changes to: 


{hg + hy'(H*)} as 
{fig Fy + Ay (H*) + haley} 


In the presence of acrylic acid an additional term corresponding to reaction (12) might 
also enter into the denominator. 

According to Fig. 2 the quantum yield shows a pH-dependence with a point of inflexion 
in the region of pH 2-5. This can be deduced from the mechanism given above: an 
equation corresponding to equation (14), of the general form (H*)?/{A(H*)? + B(H*) + C} 
should give a point of inflexion in the pH diagram as it leads to a cubic equation which will 
have at least one real root. In the presence of acrylic acid the numerator remains un- 
changed, but in the denominator one or possibly more terms dependent on the acrylic acid 
concentration will appear: this means, in the first instance, a decrease of the quantum 
yields. Further analysis shows that, apart from this, the point of inflexion in the pH 
diagram moves towards lower pH values, as a direct consequence of additional terms in the 
denominator due to the presence of the acrylic acid, which again is in agreement with 
experiment (Fig. 7). 





EXPERIMENTAL 


The solutions were irradiated by a full-wave low-pressure mercury-discharge tube of 
~500 w, used in conjunction with a Ferranti voltage-stabiliser. Unfiltered radiation was used 
under conditions of complete absorption. A spherical silica flask containing triply distilled 
water acted as a condenser and heat-filter. At the relatively short exposures used in this work 
the reaction vessel was always easily kept at 20° + 1°. 

Some experiments were carried out with a light-filter which transmitted only light below 
3200 A. The filter * consisted of an aqueous solution containing, per I., 240 g. of nickel sulphate 
hexahydrate and 45 g. of cobalt sulphate heptahydrate. 5 cm. thickness of this transmits 
~50% of the incident light between 2400 and 3200 A. The (initial) quantum yields of the 
photochemical oxidation of ferrous sulphate were the same as those obtained with unfiltered 
radiation; in all later experiments unfiltered-radiation was used. 

Water used was triply distilled—ordinary distilled water redistilled from permanganate and 
from dilute sulphuric acid. 

The reaction vessel used was a Thunberg-type silica vessel incorporating a 1 cm. optical 
cell C (Fig. 8). The ferrous sulphate solution was +0-1M in order to ensure complete absorption 
of the incident radiation within the cell. To avoid autoxidation of ferrous sulphate, the 
appropriate amount was placed in compartment A (Fig. 8), 5 ml. of acidified water were placed 
in C, and the vessel evacuated (through B). After evacuation to 10°—10™“ mm. the ferrous 
salt was brought into solution by tilting and slight shaking. In this way, the initial con- 
centration of ferric ions was considerably reduced, though it was still not less than 
about 0-5 x 104 mole/I. in a 0-1m-solution at pH 1-0. 

Further to reduce the initial concentration of ferric salt, spectroscopically pure metallic iron 
pellets (Johnson, Matthey Ltd.) were added to A (Fig. 8) with the ferrous sulphate. After 
evacuation and mixing, the solutions were set aside for a few hours during which the ferric 
ions were reduced by the iron. Then the pellets were removed by lifting them into compart- 
ment A by asmall magnet. The solution was re-evacuated to remove any hydrogen formed by 
reaction with the iron: the cell was then ready for irradiation. The rate of reduction of ferric 
by the iron pellets was very slow in solutions of pH >2. 

Acrylic acid, supplied by Goodrich Chemical Co., was redistilled three times before use. All 
other reagents used were of ‘‘ AnalaR ” grade. 

In all the experiments, ferrjc iron was determined spectrophotometrically at 304 my by 
placing the silica cell, after irradiation, inside a ‘‘ Unicam ” Spectrophotometer S.P. 500 (cf. 
Fig. 9). Absorption by acrylic acid is negligible above 220 my. Identical yields were obtained 
on irradiation of ferrous sulphate solutions in the presence of acrylic acid with and without the 
* Kasha, J. Opt. Soc. Amer., 1948, 38, 929. 
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light filter, showing that, under the conditions, the photochemical primary process was not 
affected by the absorption of light by acrylic acid in the wavelength region below 230 my. The 
molar extinction coefficient of Fe! in 0-Ly-sulphuric acid at 304 my was taken as 2100 at 20°. 
In 6N-acid it was 2285, in 8nN 2570, and in 10N 2835. 

All pH’s were adjusted with sulphuric acid and measured on a Pye pH-meter. The pH 
measurements were carried out after dissolution of the ferrous sulphate in the acidified solutions, 

Actinometry.—The light output for the low-pressure mercury-discharge tube was measured 
actinometrically by means of 0-5M-monochloroacetic acid, with 0-62 + 0-04 as the quantum 
yield 7 of photolysis of monochloroacetic acid. The radiation absorbed was 2-5 + 0:3 x 109% 
einstein min.“ in 5 ml. of solution in the silica cell used for these experiments. 


Kinc’s COLLEGE, UNIVERSITY OF DURHAM, 
NEWCASTLE UPON TYNE, l. [Received, February 3rd, 1960.} 


7 Kuechler and Pick, Z. phys. Chem., 1939, B, 45, 116. 





768. Modified Steroid Hormones. Part XVIII.* The Microbiological 
Hydroxylation of 4-Methyltestosterone with Rhizopus nigricans. 


By D. N. Kirk, V. Petrow, and (Mrs.) M. H. WILLIAMSON. 


Microbiological hydroxylation of 4-methyltestosterone with Rhizopus 
nigricans yields 7$-hydroxy- (IIb) as main product and 1la-hydroxy-4- 
methyltestosterone (III) as subsidiary product. Smaller quantities of the 
7a- (Ila) and 68-hydroxy-derivatives (Ib; R = H) are also formed. 


For studies on 4-methylated steroid hormones we, required 11e-hydroxy-4-methyltesto- 
sterone (III). In seeking a route to this compound we examined, inter alia, the micro- 
biological hydroxylation of 4-methyltestosterone with Rhizopus nigricans. The oxygen- 
ation of testosterone by Rhizopus species had previously been studied by Eppstein et al 
who had shown that 1l«- and 68-hydroxytestosterone respectively form the major and the 
the minor product of oxidation. In the case of 4-methyltestosterone, however, it was hoped 


OR OH OH 
re) fe) OH re) 
OH Me Me 


Me 
(la) 6a@-OH (Ila) 7a@-OH (LIT) 
(Ib) 64-OH (Ilb) 7A -OH 
OAc OR OAc 
Me dv) Me (V) Me 6 (VI) 


that the presence of the 4-methyl substituent might interfere with hydroxylation at the 
adjacent Cj). This expectation was fulfilled in that 66-hydroxy-4-methyltestosterone 
* Part XVII, J., 1960, 2828. 


1 Eppstein, Meister, Leigh, Peterson, Murray, Reineke, and Weintraub, J. Amer. Chem. Soc., 1954, 
76, 3174. 
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formed only a minute fraction of the fermentation products. These consisted, however, 
of 78-hydroxy-4-methyltestosterone (IIb) and smaller quantities of the required 1la- 
hydroxy-derivative (III), together with subsidiary products as detailed below. 76- 
Hydroxylation by Rhizopus nigricans has not been reported previously for the androgen 
series, but has been shown to occur with 38-hydroxypregn-5-en-20-one.? 

Chromatography on alumina separated the neutral hydroxylation products of 4-methyl- 
testosterone into 6 fractions (see p. 3875). Fraction 1 consisted of a small quantity of 
starting material. Fractions 2—5 had mobilities on paper chromatograms indicating 
the presence of an additional hydroxy-group in the molecule (cf. Table). The small final 
fraction 6 behaved in a manner consistent with di- or poly-hydroxylated material and was 
not investigated further. 

The presence of a 6-hydroxyl group in product A (see Table) was indicated by its 
ultraviolet absorption at a wavelength slightly below that for the parent compound.3 Its 
constitution as 68-hydroxy-4-methyltestosterone (Ib; R = H) was unequivocally estab- 
lished by its alternative preparation from 4-methyltestosterone. Enol acetylation of 
the last compound, followed by treatment of the product with monoperphthalic acid,‘ 
yielded, after chromatography, 17$-acetoxy-68- (Ib; R= Ac) and 17$-acetoxy-6a- 
hydroxy-4-methylandrost-4-en-3-one (Ia; R= Ac), which were differentiated on the 
basis of their optical rotations * and ultraviolet absorption, including the R-band regions * 
(see p. 3875). Careful alkaline hydrolysis of the 6-hydroxy-isomer furnished 68-hydroxy- 
4-methyltestosterone (Ib; R = H), identical with product A. 


4-Methyl- Amax. in 

Fraction testosterone EtOH Vans: Found (%)* Yield 

no. Product’ derivative M. p.* [o]p?* (my) Ry® = (cm.~4) Cc H (%) 

2 A 6B-Hydroxy- 218— +10° 247 0-57 3250, 1643, 75-4 9-2 0-2 
220° (CHCl) (€ 11,655) 1600 

3 B 7B-Hydroxy- 189— +106° 251-5 0-48 3451, 1649, 75-2 964 12-2 
190-5 (CHCIl,) (e 15,090) 1608 

4 Cc 7a-Hydroxy- 190— + 105° 252 0-48 3370, 1658, 75-8 9-7 2-0 
192 (dioxan) (e 14,520) 1604 

5 D lla-Hydroxy- 179-5— +72° 252 0-40 3416, 1643, 75:3 9-5¢ 7-5 
180-5 (CHE€I,) (e 14,200) 1594 


* After crystallisation from acetone-hexane. ° Determined in the Bush B65 solvent system (Bush, 
Biochem. J., 1952, 50, 370). © CygH3 90, requires C, 75-4; H, 9-5%. 4 After drying at 115° in vacuo. 


Methanolic hydrochloric acid converted 68-hydroxy-4-methyltestosterone (Ib; R = H) 
into a mixture from which 17$-hydroxy-4-methylandrosta-4,6-dien-3-one (V; R = H) 
was isolated by chromatography. The identity of this was established by its alternative 
preparation from 4-methyltestosterone by dehydrogenation with chloranil. The more 
polar fractions resisted purification. Their infrared spectra, however, showed the presence 
in them of a small proportion of saturated ketonic material (vmx, ca. 1700 cm.). The 
4-methylated hydroxy-ketone (Ib; R =H) consequently differs from unsubstituted 
6$-hydroxy-3-oxo-A*-steroids, which are smoothly converted by acid into the corresponding 
5a-3,6-diones.16 

Oxidation of the dihydroxy-ketone (Ib; R = H) with chromic acid furnished 4-methyl- 
androst-4-ene-3,6,17-trione, Its ultraviolet absorption spectrum (in ethanol) which was 
similar to that reported for 4-methylcholest-4-ene-3,6-dione 7 was unaffected by the 


* Eppstein, Meister, Murray, and Peterson, ‘‘ Vitamins and Hormones,” Vol. XIV, Academic Press 
tee. New York, 1956, p. 359; see also Dodson, Nicholson, and Muir, J. Amer. Chem. Soc., 1959, 81, 
* Bush, Biochem. J., 1952, 50, 370. 

* Bird, Cookson, and Dandegaonker, J., 1956, 3675. 

* Romo, Rosenkranz, Djerassi, and Sondheimer, J. Org. Chem., 1954, 19, 1509. 

® Chas. Pfizer & Co. Inc., B.P. 794,392. 

* Herzig and Ehrenstein, J. Org. Chem., 1951, 16, 1050. 

* Fieser, J. Amer. Chem. Soc., 1953, 75, 4386. 
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presence of potassium hydroxide or hydrogen chloride. As 4-unsubstituted 4-ene-36. 
diones pass readily into enolic structures,* the 4-methyl group must be regarded as inhibiting 
the enolisation of this particular system. 

Products B and C (see Table) were converted into the same unsaturated trione on 
oxidation. This, coupled with their ready conversion into 17$-hydroxy-4-methyl. 
androsta-4,6-dien-3-one (V; R =H) on treatment with acid or alkali, permits their 
formulation as epimeric 7-hydroxy-derivatives (II). 

Their stereochemistry about Cj) was established by direct comparison. with the 
authentic 7«-hydroxy-isomer (IIb), which was prepared by an alternative route from 
178-acetoxy-4-methylandrosta-4,6-dien-3-one (V; R= Ac). The last compound was 
treated with monoperphthalic acid to give the corresponding 6,7«-epoxide (VI). Its 
reduction with lithium aluminium hydride gave the 3,7«,17$-trihydroxy-derivative? 
converted directly by 2,3-dichloro-5,6-dicyanobenzoquinone ” into the 7a-hydroxy- 
derivative (Ila), which was identical with product C. Had the above 6,7-epoxide possessed 
the 6-configuration, its reduction with lithium aluminium hydride would have furnished, 
by diaxial opening, the 6$-hydroxy- and not a 7-hydroxy-derivative. Product B is 
consequently regarded as the 76-hydroxy-isomer (IIb). 

The inhibiting effect of the 4-methyl substituent on the enolisation of neighbouring 
oxo-groups (see above) was again apparent in the behaviour of 4-methylandrost-4-ene- 
3,7,17-trione [obtained by oxidation of (II)]. This compound appeared to exist normally 
in the triketo-form, which passed into an enol only in the presence of alkali. The 4-de- 
methyl] analogues, in contrast, exist wholly in the enolic forms, probably as the 3-hydroxy- 
A3.5-7-ones.1 

Product D (see Table) was identified as 1la-hydroxy-4-methyltestosterone (III) by 
comparison with authentic material which had become available through the development 
of a new 4-methylation technique and its application to 1la-hydroxytestosterone (forth- 
coming publication). Its oxidation gave 4-methyladrenosterone. 


EXPERIMENTAL 


Ultraviolet (in EtOH) and infrared spectra were kindly determined by Mr. M. T. Davies, 
B.Sc., and Miss D. F. Dobson, B.Sc. Optical rotations refer to CHCl, solutions in a 1 dm. tube 
unless otherwise stated. 

Oxidation of 4-Methyltestosterone with Rhizopus nigricans (with Mrs. A. S. CARMICHAEL, B.Sc.). 
—100 1. of a medium containing malt extract 5%, peptone 0-5%, and glucose 2% in tap-water 
were brought to pH 5-54 by the addition of 50% sodium hydroxide solution and sterilised at its 
b. p. at 15 lb. in.* for 20 min., then cooled to 26° and inoculated with an 18 hr. vegetative 
mycelium of Rhizopus nigricans (B.D.H. culture No. 153) (0-6% v/v). The fermentation was 
carried out at 26° at a pressure of 10 lb. in. in a vessel equipped with a paddle and baffles, and 
air was introduced at 50 1./min., with stirring at 250 r.p.m. and addition of silicone ‘‘ B’’ anti- 
foam (Midland Silicones, Ltd.) (15% in water) as required. After 24 hours’ growth 4-methyl- 
testosterone (100 g.) in absolute alcohol (600 ml.) was added, and the fermentation was continued 
for a further 48 hr. 

The solids were collected, washed with water (15 1.), and sucked dry. Extraction of the 
solids with boiling 4:1 chloroform-ethanol (4 x 20 1.) and evaporation gave a total of 
ca. 70 g. of material which was treated with boiling light petroleum (b. p. 60—80°) (300 ml). 
The mixture was cooled and filtered and the filtrate rejected. The residual solids (23 g.) were 
purified from acetone—hexane (charcoal), to give 4-methyltestosterone (12 g.; m. p. 164—170"). 
The acetone-hexane filtrates were added to the extracts from the filtered fermentation liquors 
(see below). 

The filtered fermentation liquors were extracted with ethyl acetate in a continuous liquid- 
liquid extractor, and afforded 67 g. of gum on evaporation of the solvent. This material, 


* Windaus, Ber., 1907, 40, 257; Meyer, J. Org. Chem., 1955, 20, 1240. 

* Cf. Nussbaum, Brabazon, Popper, and Oliveto, J]. Amer. Chem. Soc., 1958, 80, 2722. 

1 Burn, Petrow, and Weston, Tetrahedron Letters, 1960, No. 9, 14. 

+t Barnett, Ryman, and Smith, J., 1946,.526; Greenhalgh, Henbest, and Jones, J., 1952, 2375. 
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combined with the residual material extracted from the mycelium, was dissolved in benzene 
(2'1.) and ether (11.), and acidic substances were removed by shaking with potassium hydroxide 
(20 g.) in water (1 1.). Evaporation of the benzene gave 49 g. of brown gum. 

This gum (30 g.) in benzene (270 ml.) was chromatographed on alumina (840 g.; Grade III, 
Brockmann classification). 

The eluted fractions were: (1) benzene-ether (1:1) and ether, 4-4 g. (recryst. 3-2 g.), 
4-methyltestosterone; (2) ether, 0-8 g. (recryst. 0-12 g.) (Ib); (3) ether and ether—acetone (4: 1), 
10-7 g. (recryst. 7-5 g.), (IIb); (4) ether—acetone (1 : 2) and acetone, 3-8 g. (recryst. 1-2 g.), (IIa); 
(5) acetone-methanol (4: 1), 7-5 g. (recryst. 4-6 g.), (III); (6) acetone—methanol (1: 1), 1-0 g. 
The properties of the purified products are recorded in the Table on p. 3873. 

Enol Acetylation of 4-Methyltestosterone Acetate (by Dr. B. ELtis).—4-Methyltestosterone 
acetate (10 g.) was suspended in acetic anhydride (50 ml.), and toluene-p-sulphonic acid (5 g.) 
was added. The mixture, on stirring (10 min.), became homogeneous and thereafter deposited 
crystals. After 16 hr. these were collected, washed with methanol, and purified from methanol, 
to give 3,178-diacetoxy-4-methylandrosta-3,5-diene (IV), m. p. 174—175°, [a],,** —139° (c 0-99) 
Amax, 236 my (¢ 19,930) in EtOH (Found: C, 75-0; H, 8-7. C,,4H,,O, requires C, 74-6; H, 8-9%). 

6a- and 68-Hydroxy-4-methyltestosterone 17-Acetates (la andb; R = Ac).—The foregoing enol 
acetate (8-46 g.) in chloroform (20 ml.) was treated with ethereal monoperphthalic acid (6-4 g. 
in 60 ml.) for 4 hr. at room temperature, then the solution was poured into excess of sodium 
hydrogen carbonate solution and the products were extracted with chloroform and chromato- 
graphed on alumina. Benzene eluates gave 68-hydroxy-4-methyltestosterone 17-acetate which 
separated from aqueous methanol in needles, m. p. 207—209°, {a],,°* +21° (c 0-31 in dioxan), 
Amax, 248°5 mu (¢ 13,555), Vmax. (in CCl,) 3601, 1735, 1676, 1602, and (in CS,) 1245 cm. (Found: 
C, 73:3; H, 8:7. CygH 0,4 requires C, 73-3; H, 8-95%). Further elution with benzene—ether 
(19: l and 5: 1) gave 6a-hydroxy-4-methyltestosterone 17-acetate which crystallised from aqueous 
methanol as needles, m. p. 182—185°, [a],,?* +86° (c 0-27 in dioxan), Amay, 252-5 my (e 13,770), 
Vmax, (in Nujol) 3463, 1740, 1651, 1595, and 1244 cm.1 (Found: C, 73-6; H, 8-7. C,H 3,0, 
requires C, 73-3; H, 8-95%). 

68-Hydroxy-4-methyltestosterone (Ib; R = H).—6$-Hydroxy-4-methyltestosterone 17- 
acetate (3-1 g.) in methanol (120 ml.) was treated with potassium carbonate (1-5 g.) in water 
(20 ml.) overnight at room temperature, then at 50° for 1 hr.; the product was precipitated 
with water. Purification from acetone gave 68-hydroxy-4-methyltestosterone, m. p. 218—220°, 
not depressed in admixture with the material obtained from the fermentation. The identity 
of the samples was confirmed by comparison of their infrared spectra [Vmax (in Nujol) 3250, 
1643, and 1600 cm.1; identical “ fingerprint ’’). 

6a-Hydroxy-4-methyltestosterone (Ia; R = H).—Similar hydrolysis of the 178-acetate 
(Ia; R= Ac) gave 6a-hydroxy-4-methyltestosterone, prisms (from acetone), m. p. 224—227°, 
[a],?7 +98° (c 0-5€), Amex. 252-5 my (€ 12,545), vmax (in Nujol) 3380, 3245, 1641, and 1595 cm. 
(Found: C, 75-9; H, 9-6. Cy 9H 90, requires C, 75-4; H, 9-5%). 

Treatment of 68-hydroxy-4-methyltestosterone with Methanol—Hydrochloric Acid.—68-Hydroxy- 
4-methyltestosterone (560 mg.) was heated under reflux in methanol (20 ml.) and concentrated 
hydrochloric acid (6 drops) for 3 hr. Evaporation of the solvents in vacuo left a gum which was 
chromatographed on alumina (17 g.; Brockmann Grade III). Elution with benzene gave 
178-hydroxy-4-methylandrosta-4,6-dien-3-one, which separated from aqueous methanol in 
solvated plates, m. p. 132—134° raised by drying at 100° for 24 hr. in vacuo to 154—155°, 
(a],** +117° (c 0-64), Amax, 289-5 my (ec 29,440) (Found: C, 79-8; H, 9-4. C,,H,,O, requires 
C, 79-95; H, 94%). 

4-Methylandrost-4-ene-3,6,17-trione.—68-Hydroxy-4-methyltestosterone (250 mg.) in 
“ AnalaR ’’ acetone (20 ml.) was treated with the chromic acid—sulphuric acid reagent (1-3 ml. 
of a solution containing 240 g. of chromium trioxide and 230 ml. of concentrated sulphuric acid, 
diluted to 1 1.), and the mixture was poured into water (200 ml.). The acetone was removed 
under reduced pressure and the precipitated solids were collected and purified from acetone— 
hexane. 4-Methylandrost-4-ene-3,6,17-trione formed prisms, m. p. 171—-173°, [@),,™ +128° 
(¢ 0-45), Amax. 257 my (€ 10,970),* Vinay. (in CCl,) 1746 and 1688 cm." (Found: C, 76-4; H, 8-1. 
CyoHy,O, requires C, 76-4; H, 8-3%). 

Dehydration of 1-Hydroxy-4-methyltestosterones (Ila and b).—The 7-hydroxy-compound 
(250 mg. of Ila or b) in methanol (10 ml.) containing concentrated hydrochloric acid (3 drops) 
or potassium hydroxide (50 mg.) was heated under reflux for 3 hr., and the solvent was removed 
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under reduced pressure. Purification from acetone-hexane gave 176-hydroxy-4-methy}. 
androsta-4,6-dien-3-one in each case. 

Acetylation of 78-Hydroxy-4-methyltestosterone.—Acetylation in acetic anhydride—pyridine 
(1: 1) at 90° for 30 min. gave an amorphous product which was chromatographed on alumina 
(Brockmann Grade II). Elution with benzene and benzene-ether gave 178-acetoxy-4-methyl. 
androsta-4,6-dien-3-one which separated from aqueous methanol in prisms, m. p. 154—155° 
[aJ,2* +87° (c 0-11), Amax. 289 my (e 29,180) (Found: C, 76-8; H, 8-85. CysHy 0, requires 
C, 77:15; H, 8-8%). 

Preparation of  17$-Acetoxy-4-methylandrosta-4,6-dien-3-one from  4-methyltestosteron 
Acetate.—(a) Dehydrogenation with chloranil. 4-Methyltestosterone acetate (50 g.) and chloranij 
(40 g.) in isobutyl alcohol (500 ml.) were heated under reflux in nitrogen for 8 hr. The dark 
solution was poured into water (2 1.) containing potassium hydroxide (50 g.), and the product 
was extracted with ether—benzene (1:1) which was washed, dried (Na,SO,), and evaporated, 
The residual gum was treated with acetic anhydride (50 ml.) and pyridine (50 ml.) for } hr, at 
90°, then the mixture was poured into water. The product was isolated with benzene, dissolved 
in hexane (charcoal), and after concentration of the solution obtained as pale yellow prisms, 
m. p. 146—150°. Recrystallisation from aqueous methanol gave pure 17$-acetoxy-4-methyl- 
androsta-4,6-dien-3-one, identical with the sample described above. 

(b) Dehydrogenation by bromosuccinimide (by Dr. B. Etxis). 4-Methyltestosterone acetate 
(5 g.) and N-bromosuccinimide (2-7 g.) in freshly distilled carbon tetrachloride (50 ml.) were 
heated under reflux for 40 min. The mixture was cooled and filtered, and the solvent removed 
in vacuo. Trituration of the residue with hexane gave the 6-bromo-compound [4-4 g.; m. p. 
149—150° (decomp.)] which was treated directly with boiling collidine (10 ml.) for 5 min. The 
cooled mixture was poured into water and the product was isolated with ether and purified from 
aqueous ethanol. 

(c) Dehydrogenation by bromine. 3,178-Diacetoxy-4-methylandrosta-3,5-diene (IV) (20 g,) 
in acetic acid (150 ml.) containing anhydrous sodium acetate (5 g.) was treated dropwise with 
bromine in acetic acid (50 ml.; 1-09m-solution; 1-04 mol.). Decolorisation was almost 
instantaneous. The solution was diluted with water, to precipitate the 6-bromo-compound 
which was collected, washed, and dried at 30° in vacuo. Dehydrobromination of this material 
as in (b) above gave an identical product. 

Oxidation of 7x and 718-Hydroxy-4-methyltestosterone (Ila and b).— a) Oxidation of either 
isomer with chromic acid-sulphuric acid in acetone according to the procedure used for 66- 
hydroxy-4-methyltestosterone (above) gave a product which was purified from acetone and 
formed needles, m. p. 213—214°, [a]! +12° (c 0-34) Amax 244 my (E}%, 292), Ainn, 269 my 
(Ei%,, 94), Vmax. (in Nujol) 1746, 1695, 1669, and 1587 cm.!. A satisfactory analysis could not 
be obtained, but the physical data suggest that the product is 4-methylandrost-4-ene-3,7,17- 
trione. 

(b) The 7-hydroxy-compound (either isomer) (1 part) in anhydrous pyridine (10 parts) was 
oxidised with chromium trioxide (1 part) in pyridine (10 parts) for 24 hr. at room temperature. 
The mixture was diluted with warm benzene and filtered, the filtrate was washed with dilute 
sulphuric acid and water and stirred with charcoal, and the solvent was evaporated. Purific- 
ation from acetone gave a product identical with that obtained as under (a) (mixed m. p. and 
infrared spectra). 

Preparation of 7a-Hydroxy-4-methyltestosterone (Ila).—17f-Acetoxy-4-methylandrosta-4,+ 
dien-3-one (5 g.) in chloroform (25 ml.) was left with monoperphthalic acid (8-5 g.) in ether 
(80 ml.) at 20—25° for 48 hr., then poured into dilute sodium hydrogen carbonate solution, the 
organic layer was washed until neutral and dried, and the solvents were evaporated. Purific- 
ation of the residue from methanol gave 178-acetoxy-6a,7a-epoxymethylandrost-4-en-3-one, needles, 
m. p. 182—84°, or plates, m. p. 152—154° [a],,* +85° (c 0°41), Amax. 248 my (e 13,766), Your 
(in CCl,) 1742, 1678, 1617, and 1422 cm.~, (in CS,) 1243, 898, and 818 cm. (Found: C, 13-6; 
H, 8-4. C,,H 4,0, requires C, 73-7; H, 8-4%). 

The 6,7«-epoxide (2-46 g.) in tetrahydrofuran (50 ml.); (freshly distilled over sodium) was 
treated with lithium aluminium hydride (2 g.) under reflux with stirring for 4 hr. After 
decomposition of excess of reagent with ethyl acetate (10 ml.) in ether (100 ml.) the mixture 
was poured into a saturated solution of potassium sodium tartrate, and the product was extracted 
with chloroform. The crude 3,7«,176-triol was stirred with 2,3-dichloro-5,6-dicyanobenm 
quinone (2 g.) in anhydrous dioxan (25 ml.) for 1 hr., then left overnight. The resulting mixture 
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was poured into saturated sodium hydrogen carbonate solution, and the steroid extracted 
with methylene chloride and purified from acetone-hexane, to give 7a-hydroxy-4-methyl- 
testosterone, identical with fermentation product C. 

Oxidation of lla-Hydroxy-4-methyltestosterone (I1I).—The oxidation was carried out with 
chromium trioxide-pyridine as described for the 7-hydroxy-compounds. The crude product 
(m. p. 146—180°) was shown by paper chromatography to be a mixture. Chromatography on 
alumina (Brockmann Grade III), and elution with benzene and benzene-ether (3:1) gave 
4-methylandrost-4-ene-3,11,17-tvione (4-methyladrenosterone), needles (from acetone—hexane), 
m. p. 166—168°, [oi], +311° (c 0°66), Amax. 247 my (€ 13,645), Vmax. (in CCl,) 1749, 1714, 1673, 
and 1610 cm. (Found: C, 76-0; H, 8-4. Cy H,,O; requires C, 76-4; H, 8-4%). Elution with 
benzene-ether (1: 1) gave a small quantity of a compound believed to be 178-hydroxy-4-methyl- 
androst-4-ene-3,11-dione. It separated from acetone—hexane as prisms, m. p. 228—230°, [a], 
4-241° (c 0-64), Amax. 248 my (¢ 16,650), Vmax. (in Nujol) 3390, 1699, 1649, and 1608 cm.” (deter- 
mined on a Perkin-Elmer “ Infracord ’’) (Found: C, 75-7; H, 8-9. CygH,,0, requires C, 75-9; 
H, 8-9%). 

The authors thank the Directors of The British Drug Houses Ltd. for permission to publish 
this work. 


Tue British DruGc Houses LTp., 
GRAHAM STREET, Lonpon, N.1. (Received, March 25th, 1960.) 





769. The Constitution of a Xylan from Cocksfoot Grass (Dactylis 
glomerata). 


By G. O. AsPINALL and I. M. CAIRNCROss. 


Alkaline extraction of cocksfoot grass gave a polysaccharide of the xylan 
group. Hydrolysis of the methylated xylan afforded 2,3,5-tri-O-methyl-t- 
arabinose, 2,3,4-tri-, 2,3-di-, 2- and 3-O-methyl-p-xylose, and (3-O-methyl- 
2-p-xylose 2,3,4-tri-O-methyl-p-glucopyranosid)uronic acid in the approxim- 
ate molar ratio of 8:3: 54:12:1:3. Itis concluded from these and other 
experiments that the polysaccharide is composed of chains of 1,4-linked 
8-p-xylopyranose residues to which are attached side-chains of L-arabino- 
furanose and 4-O-methyl]-p-glucuronic acid residues through positions 3 and 2 
respectively. A small degree of branching in the backbone of D-xylose 
residues is indicated. 


ANALYTICAL studies ! have shown that grasses, like other lignified tissues, contain sub- 
stantial proportions of xylose residues. In order to understand more fully the complex 
biochemical changes which occur during the wilting and ensilage of grasses and may 
involve structural polysaccharides in addition to the fructans and soluble sugars," a 
knowledge of the detailed chemistry of the cell wall polysaccharides is important, and this 
paper describes the structure of the major polysaccharide component of the hemicellulose 
fraction. 

Cocksfoot grass was extracted successively with boiling ethanol—water (4: 1) to remove 
colouring matter and soluble sugars, and with cold water to remove water-soluble poly- 
saccharides, and the residue was delignified with acidified sodium chlorite solution. The 
hemicellulose component of the grass was isolated by alkaline extraction of the holo- 
cellulose and after reprecipitation the isolated polysaccharide had 8-5% of uronic anhydride, 
and gave on hydrolysis xylose (50°), arabinose (22%), glucose (8%), and galactose (7%). 
Attempts to fractionate the polysaccharide by precipitation from aqueous solution with 
cetyltrimethylammonium bromide failed to give a polysaccharide devoid of glucose and 


. — and Wylam, J. Sci. Food Agric., 1957, 8, 38. 
I 
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galactose residues. However, since subsequent hydrolysis of the methylated poly. 
saccharide afforded no methyl ethers of glucose or galactose, it is probable that these 
sugars were present as constituents of contaminating polysaccharides. 

Mild acid-hydrolysis of the polysaccharide resulted in the preferential removal of 
arabinose with only traces of xylose, glucose, and galactose, suggesting that the arabinog 
residues were probably present in the furanose form. Since no arabinose-containj 
oligosaccharides could be detected under these conditions, it appeared likely that the 
arabinose units were present mainly as single-unit non-reducing end groups in the poly. 
saccharide. Under more drastic conditions of hydrolysis two acidic components (probably 
aldobiouronic acids) were isolated and separated chromatographically. The major 
component, after reduction of the methyl ester methyl glycosides with potassium boro. 
hydride and hydrolysis, gave 4-O-methylglucose and xylose. The minor component 
similarly afforded glucose and xylose. It follows that the glucuronic acid residues in the 
polysaccharide were mainly present as the 4-methyl ether. 

The polysaccharide was converted into its fully methylated derivative, which on 
hydrolysis gave 2,3,5-tri-O-methyl-L-arabinose, 2,3,4-tri-, 2,3-di-, 2- and 3-O-methyl-p- 
xylose, and a partially methylated aldobiouronic acid in the approximate molar ratio of 
8:3:54:12:1:3. The following experiments showed the acidic disaccharide to be 
(3-O-methyl-2-D-xylose 2,3,4-tri-O-methyl-p-glucopyranosid)uronic acid. The methylated 
aldobiouronic acid was converted into the methyl ester methyl glycosides which were 
reduced with potassium borohydride. Hydrolysis of a portion of the partially methylated 
neutral disaccharide gave 2,3,4-tri-O-methylglucose and 3-O-methylxylose, identified by 
chromatography and ionophoresis. The remaining material was remethylated, and 
hydrolysis of the fully methylated disaccharide furnished 2,3,4,6-tetra-O-methyl-p-glucose 
and 3,4,-di-O-methyl-p-xylose. 

These results show that the polysaccharide contains main chains of 1,4-linked -p- 
xylopyranose residues to which are attached as side-chains end groups of L-arabinofuranose 
and 4-O-methyl-p-glucuronic acid residues. The isolation from the methylated poly- 
saccharide of 2-O-methyl-D-xylose, which represents the main branching point in the 
molecule, shows that the arabinose units are joined to xylose units in the main chains by 
1,3-linkages. Evidence that these L-arabinofuranose end groups in the polysaccharides 
are present as single-unit side-chains and are attached directly to the main chains is 
provided by the isolation of the trisaccharide, O-L-arabinofuranosyl-(1 —» 3)-0-6-p- 
xylopyranosyl-(1 —» 4)-p-xylose, as a product of partial enzymic hydrolysis of the 
polysaccharide.* The isolation of the partially etherified aldobiouronic acid, (3-O-methyl- 
2-p-xylose 2,3,4-tri-O-methyl-p-glucopyranosid)uronic acid, from the methylated poly- 
saccharide shows that the 4-O-methyl-p-glucuronic acid end groups are present as single- 
unit side-chains joined to xylose residues in the main chain by 1,2-linkages. 

Determination of molecular weight by isothermal distillation (by courtesy of Dr. 
C. T. Greenwood) gave a value of 22,100 + 1000 (degree of polymerisation, 138 + 6) for 
the methylated polysaccharide. Since the methylation analysis indicated the presence 
of approximately five non-reducing xylose end groups for a molecule of this size there 
will be on the average four branches in the main chain of xylose residues per molecule. 
The majority of such branch points must be through position 3, but the possibility of some 
branching through position 2 also cannot be excluded. In this connection it may be noted 
that the small amount of 3-O-methyl-p-xylose isolated from the methylated polysaccharide 
could arise from (a) branching in the main chain, (5) partial hydrolysis of the partially 
methylated aldobiouronic acid, or (c) incomplete methylation, or demethylation during 
the hydrolysis of the methylated polysaccharide. 

On the basis of these results the annexed partial structure for the xylan from cocksfoot 
grass indicates the main features of the molecule. Although the proportions of the 


* Aspinall, Cairncross, Sturgeon, and Wilkie, J., 1960, following paper. 
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constituent sugar residues in the methylated polysaccharide were different from those in the 
original polysaccharide, it is probable that the methylated xylan which was obtained is a 
genuine subfraction resulting from inadvertent fractionation of a series of structurally 
related polysaccharides containing the same sugar units linked in the same way but in 
different proportions. The xylan is clearly very similar to other xylans from lignified 
tissues,? and most closely resembles the xylans from cereal straws in the proportions of 
arabinose and glucuronic acid and/or 4-O-methylglucuronic acid side-chains present. The 
modes of attachment of these side-chains to positions 3 and 2 of xylose residues res- 
pectively are those most commonly encountered amongst polysaccharides of this group. 


p-Xylp 1....4 D-Xylp 1....4 D-Xylp 1....4 p-Xylp 1....4 v-Xylp 1.... 
3 3 2 


ae ES te 


L-Araf p-Xylp D-GpA 
[p-Xylp = p-xylopyranose, L-Araf = L-arabinofuranose, D-GpA = p-glucuronic acid (mainly as 
the 4-methy] ether).] 
EXPERIMENTAL 


Paper partition chromatography was carried out on Whatman Nos. 1 and 3MM filter papers 
with the following solvent systems (v/v): (A) ethyl acetate—acetic acid—water (3: 1: 3, upper 
layer); (B) butan-1-ol-benzene-pyridine-water (5:1:3:3, upper layer); (C) butan-l-ol- 
ethanol-water (4: 1:5, upper layer); (D) benzene-ethanol—water (169: 47: 15, upper layer); 
(E) butan-2-one, half saturated with water; (F) ethyl acetate-pyridine-water (10: 4: 3). 
Methylated sugars were demethylated with hydrobromic acid.‘ Optical rotations were 
observed at 18° + 2°. Extractions and reactions involving the use of alkali were performed, 
as far as possible, under nitrogen. Paper ionophoresis was in borate buffer at pH 10. 

Isolation of Cocksfoot Xylan.—Cocksfoot grass was extracted with boiling ethanol—water 
(4: 1) to remove colouring material and soluble sugars. The residual grass was delignified 
with acidified sodium chlorite solution according to the procedure of Wise et al.5 The resulting 
holocellulose (200 g.) was extracted twice with N-sodium hydroxide (2-5 1.) for periods of 48 hr. 
The extracts were acidified with glacial acetic acid to pH 4—5 and the crude polysaccharide 
(20 g.; ash, 7°7%) was precipitated by the addition of acetone (1-5 vol.). The polysaccharide 
was dissolved in water at 60°, and the solution was centrifuged to remove a small amount of 
insoluble material and poured into acetone (2 vol.) to give cocksfoot xylan (18 g.). The xylan 
had [a],, —66-5° (c 0-5 in 0-5N-sodium hydroxide), and chromatographic examination of the 
hydrolysate in solvents A and B followed by quantitative estimation * showed the presence of 
xylose (50%), arabinose (22%), glucose (8%), and galactose (7%) [Found: ash, 1-5%; uronic 
anhydride (by decarboxylation), 8%]. Attempts to fractionate the polysaccharide by 
precipitation from aqueous solution with cetyltrimethylammonium bromide in the absence 
and the presence of borate buffer? failed to give fractions differing significantly in composition. 

Xylan (25 mg.) was heated in 0-02N-oxalic acid (25 ml.) at 100°. At hourly intervals 
samples were withdrawn for chromatographic examination in solvents A and B. The results 
indicated that arabinose was rapidly released together with traces of xylose, glucose, and 
galactose, but that no arabinose-containing oligosaccharides could be detected. 

Xylan (5 g.) was heated with n-sulphuric acid (250 ml.) at 100° for 4 hr. The cooled 
solution was neutralised with barium carbonate, and the filtrate was concentrated to ca. 50 ml., 
treated with Amberlite resin IR-120(H) to remove barium ions, and poured on a column of 
charcoal-Celite (1:1; 100°g.). Elution with water gave monosaccharides with traces of 
aldobiouronic acids, and elution with water containing 5% of butan-2-one gave aldobiouronic 
acids together with some monosaccharide. Chromatographic separation of the second fraction 
on filter sheets with solvent F gave two chromatographically pure aldobiouronic acids I (200 
mg.) and II (25 mg.). Aldobiouronic acid I had Ryyicge 0-083 in solvent F, and reduction of 


* Aspinall, Adv. Carbohydrate Chem., 1959, 14, 429. 
* Hough, Jones, and Wadman, J., 1950, 1705. 

5 Wise, Murphy, and D’Addieco, Paper Trade J., 1946, 122, 35. 
* Flood, Hirst, and Jones, J., 1948, 1679. 

” Barker, Stacey, and Zweifel, Chem. and Ind., 1957, 330. 
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the methyl ester methyl glycosides with potassium borohydride followed by hydrolysis gaye 
xylose and 4-O-methylglucose (identified by chromatography of the sugar and of its periodate 
oxidation products *). Aldobiouronic acid II had Ryyiog, 0-05 in solvent F, and reduction of 
the methyl ester methyl glycosides followed by hydrolysis gave xylose and glucose. 

Preparation and Hydrolysis of Methylated Xylan.—The xylan (10 g.) was methylated 
successive additions of methyl sulphate and sodium hydroxide, and then with methyl iodide 
and silver oxide. The product (3 g.) had [a], —70° (c 0-49 in CHCl,) (Found: OMe, 38-7, 
Calc. for C;H,,0,: OMe, 38-7%). 

The methylated xylan (2 g.) was shaken overnight with methanolic 4% hydrogen chloride 
(500 ml.), and the resulting solution was refluxed for 5 hr. (to constant rotation). After removal 
of methanol under reduced pressure, the resulting syrup was heated with N-hydrochloric aciq 
(350 ml.) at 100° for 5 hr. (to constant rotation). Evaporation after neutralisation with 
silver carbonate yielded a syrup (1-7 g.), which was treated (in aqueous solution) with barium 
carbonate. The mixture (1-6 g.) of methylated sugars was extracted with butan-2-one, and 
the insoluble residue (0-161 g.) was separated. The soluble sugars were fractionated op 
cellulose (70 x 3 cm.) with solvent E to give five fractions, and a further fraction was obtained 
by elution of the cellulose with water. Chromatography showed the fractions to contain the 
following sugars: fraction 1 (180 mg.), tri-O-methylarabinose and tri-O-methylxylose; fraction 
2 (210 mg.), tri-O-methylarabinose and tri- and di-O-methylxylose; fraction 3 (740 mg), 
di-O-methylxylose; fraction 4 (15 mg.), 3-O-methylxylose; fraction 5 (182 mg.), 2-O-methyl- 
xylose; and fraction 6 (47 mg.), barium salts of methylated aldobiouronic acids. Chromato- 
graphy of the residue, insoluble in butan-2-one, showed methylated aldobiouronic acids with 
traces of tri-O-methylarabinose and di-O-methylxylose. This material was combined with 
fraction 2, and the mixture was separated on cellulose (50 x 1-5 cm.) with light petroleum 
(b. p. 100—120°)—butan-1-ol (7 : 3) saturated with water, as eluant, to give fractions 7 (16 mg) 
and 8 (130 mg.), and elution of the cellulose with water gave fraction 9 (56 mg.). Fractions 
containing the same sugars were combined for further identification. 

Fractions 1 and 7. Chromatography of the syrup (196 mg.) in solvent D showed 2,3,5-tri-0- 
methylarabinose and 2,3,4-tri-O-methylxylose, and -the optical rotation, [a], —23-4° (c 05 
in H,O), corresponded to that of a mixture of 2,3,5-tri-O-methyl-L-arabinose and 2,3,4-tri-0- 
methyl-pD-xylose in the proportion of 73:27. Separation on filter sheets with solvent D gave 
two fractions. Fraction la gave only arabinose on demethylation and was characterised as 
2,3,5-tri-O-methyl-L-arabinose by conversion into 2,3,5-tri-O-methyl-L-arabonamide, m. p, 
and mixed m. p. 135°. Fraction 1b gave only xylose on demethylation and was identified 
as 2,3,4-tri-O-methyl-p-xylose by conversion into the aniline derivative, m. p. and mixed 
m. p. 99°. 

Fractions 3 and 8. The sugar (870 mg.) crystallised when seeded with 2,3-di-O-methyl- 
B-D-xylose and had m. p. and mixed m. p. 80°, and [a], —21° —» + 23° (c 0-65 in H,O). The 
sugar was further identified by conversion into the aniline derivative, m. p. and mixed m. p. 
122°, and into 2,3-di-O-methyl-p-xylonamide, m. p. and mixed m. p. 132°. 

Fraction 4. The sugar (16 mg.) was indistinguishable from 3-O-methyl-p-xylose on 
chromatography in solvents C and E, and on paper ionophoresis, and was characterised as the 
phenylosazone, m. p. and mixed m. p. 170°. 

Fraction 5. The sugar (182 mg.), [a], +34-5° (c 0-5 in H,O), was chromatographically and 
ionophoretically indistinguishable from 2-O-methyl-p-xylose, and was characterised as the 
aniline derivative, m. p. and mixed m. p. 125°. 

Fractions 6 and 9. The barium salt was converted into the corresponding methylated 
aldobiouronic acid by treatment with Amberlite resin IR-120(H), and the resulting syrup was 
refluxed with boiling 5% methanolic hydrogen chloride for 4 hr. The product, after neutralis- 
ation with silver carbonate, was reduced with potassium borohydride (100 mg.) in water (5 ml) 
at room temperature for 3 hr. Excess of hydride was destroyed by the addition of dilute 
sulphuric acid and extraction with chloroform afforded the partially methylated disaccharide 
(33 mg.). A portion (5 mg.) of the syrup was hydrolysed with n-hydrochloric acid, and 
chromatography and ionophoresis showed 2,3,4-tri-O-methylglucose and 3-O-methylxylose. 
The remainder of the syrup was further methylated with methyl iodide and silver oxide to give 
a fully methylated disaccharide, hydrolysis of which with 0-8N-hydrochloric acid at 100° for 


® Lemieux and Bauer, Canad. J]. Chem., 1953, 31, 814. 
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6 hr. afforded a mixture of sugars, which were separated on filter sheets with solvent C to give 
two fractions a and 6. Fraction a was characterised as 2,3,4,6-tetra-O-methyl-p-glucose by 
conversion into the aniline derivative, identified by m. p. and mixed m. p. 114° and by X-ray 
powder photograph. Fraction b was identified as 3,4-di-O-methyl-p-xylose by conversion into 
3,4-di-O-methyl-p-xylonolactone, m. p. and mixed m. p. 65-—67°. 


The authors thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest and advice, and 
Imperial Chemical Industries Limited, Central Agricultural Control, for financial support. 
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770. <A Trisaccharide from the Enzymic Degradation of Two 
Arabinoxylans. 


By G. O. AspInaLL, I. M. Carrncross, R. J. SturcEon, and K. C. B. WILKIE. 


The hydrolysis of arabinoxylans from rye flour and cocksfoot grass by a 
commercial enzyme preparation in the presence of arabonolactone furnishes 
a series of oligosaccharides, one of which has been identified as O-L-arabino- 
furanosyl-(1 —» 3)-O-8-p-xylopyranosyl-(1 — 4)-p-xylose. The charac- 
terisation of this trisaccharide establishes the mode of attachment of arabinose 
to xylose residues in the polysaccharides. 


Many polysaccharides of the xylan group contain terminal non-reducing L-arabino- 
furanosy] residues.1_ Where evidence is available it has been shown that these residues 
are attached directly as single-unit side-chains to xylose residues in the 1,4-linked main 
chain by 1,3-linkages (A), rather than by 1,4-linkages to xylose residues in the side-chains 
(B). In the majority of such cases, however, the evidence is indirect and is based on a 
comparison of the original polysaccharide and a degraded polysaccharide from which some 
of the acid-labile arabinofuranosy] residues have been removed by controlled acid- 
hydrolysis. In the case of wheat-straw arabinoxylan, Bishop and Whitaker? have 
isolated a series of oligosaccharides containing both arabinose and xyiose residues as 
partial hydrolysis products using an enzyme preparation from the mould Myrothecium 
verrucaria. One of the components was shown to be O-L-arabinofuranosyl-(1 —» 3)- 
0-$-p-xylopyranosyl-(1 —» 4)-p-xylose,3 and proof of its structure provided direct 
evidence in favour of (A) as a partial structure for the parent polysaccharide. This paper 
describes the isolation and characterisation of the same trisaccharide from the enzymic 
degradation of the arabinoxylans from rye flour * and cocksfoot grass.5 


os ve Dre's. i 4 ....4D-Xylpl.... 
3 3 
L-Araf 1 
(D-Xylp). 
4 
(A) t-Araf1 _ (B) 


The preliminary examination of a number of enzyme preparations® showed that 
arabinoxylans were degraded by them to the constituent sugars, and that only xylobiose 


‘ For a review see Aspinall, Adé. Carbohydrate Chem., 1959, 14, 429. 
* Bishop and Whitaker, Chem. and Ind., 1955, 119. 

* Bishop, J. Amer. Chem. Soc., 1956, 78, 2840. 

* Aspinall and Sturgeon, J., 1957, 4469. 

* Aspinall and Cairncross, preceding paper. 

* Wilkie, Ph.D. Thesis, Edinburgh, 1955. 
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and its polymer homologues could be detected as products of incomplete hydrolysis: 
Conchie and Levvy’ have shown that the glycosidase activities of certain enzymes are 
inhibited in the presence of aldonolactones of the corresponding configuration. When 
the arabinoxylans from rye flour and cocksfoot grass were degraded by a commercial 
enzyme preparation in the presence of 0-1M-L-arabonolactone a second series of oligo- 
saccharides, containing both xylose and arabinose residues, was detected chromato- 
graphically amongst the products of partial acid-hydrolysis. When the enzyme digests 
were performed on a larger scale sufficient of a trisaccharide containing both arabinose 
and xylose residues was isolated from each of the polysaccharide hydrolysates for structural 
investigation. 

The trisaccharide on acid-hydrolysis gave xylose and arabinose in the proportion 
of 2:1. From a knowledge of the structural units in the two polysaccharides, based on 
earlier investigations,** the following possible structures (I—IV) may be considered for 
the trisaccharide. 


X1——-4X X1——>-4X x x (X = D-Xylp and 
3 3 3 4 A = L-Araf) 
1 t t 1 
A A x X 
4 4 
A t 
(I) (II) (IIT) (IV) 
Periodate Residues 
Partial hydrol. Degradn. !' consumed unattacked by 
Trisaccharide product by alkali (mol.) periodate 
I Xylobiose isoS. i 3 Xylose (1 mol.) 
Il Xylobiose Unknown acid + None 
Ill Rhodymenabiose metaS. 3—4 None 
IV Xylobiose isoS. 4 None 
Trisaccharide from : : 
‘eabiniieen Xylobiose isoS. 3 Xylose (1 mol.) 


(isoS. = isosaccharinolactone and metaS. = metasaccharinolactone) 


The above results (with both samples of trisaccharide) may be compared with those 
to be expected from trisaccharides with structures (I—IV) (see Table) and clearly indicate 
structure (I) for the isolated trisaccharide. Mild acid-hydrolysis furnished arabinose and 
xylobiose (4-O-8-D-xylopyranosy]-D-xylose), which is readily distinguished from rhodymena- 
biose (3-O-8-D-xylopyranosyl-D-xylose).6 Treatment of the trisaccharide with alkali 
afforded isosaccharinolactone,® and only on prolonged degradation was a metasaccharino- 
lactone detected. On reaction with periodate the trisaccharide consumed 3 mol. of 
reagent, and hydrolysis of the oxidised trisaccharide showed that one xylose residue had 
been unattacked by the reagent. Further evidence that the terminal arabinose residue 
in the trisaccharide is joined to the adjacent xylose residue by a 1,3-linkage came from 
methylation studies. The trisaccharide was reduced to the corresponding glycitol with 
potassium borohydride, and hydrolysis of the methylated glycitol afforded 2,3,5-tri-O- 
methyl-L-arabinose and 2,4-di-O-methyl-p-xylose as the only reducing sugars. 

The possibility that the trisaccharide was an artefact of enzymic synthesis seems 
unlikely in view of the short period of incubation and of the low carbohydrate concen- 
tration in the digest. The latter factor would favour hydrolysis rather than enzymic 
transfer of arabinofuranosyl residues to a xylobiose acceptor. In the absence of a suitable 
arabinofuranosyl donor as substrate, it was not possible to rule out this type of reaction. 

7 Conchie and Levvy, Biochem. J., 1957, 65, 389. 


8 Howard, Biochem. ]., 1957, 67, 643. 
* Aspinall, Carter, and Los, J., 1956, 4807. 
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However, a control experiment showed that, in the conditions employed during the enzymic 
hydrolysis of the polysaccharides, free arabinose was not transferred to xylobiose or 
xylotriose. These results, taken together with a previous knowledge of the main structural 
features of the two parent polysaccharides, show that the trisaccharide, isolated as a 
product of partial enzymic hydrolysis, is O-L-arabinofuranosyl-(1 —» 3)-O-6-p-xylo- 
pyranosyl-(1 —»> 4)-p-xylose. It follows that the majority, at least, of arabinofuranosyl 
end groups in both polysaccharides are attached as in (A) as single-unit side-chains to the 
basal xylan chains. 


EXPERIMENTAL 


Paper chromatography was carried out on Whatman Nos. 1 and 3MM papers with the 
following solvent systems (v/v): (A) ethyl acetate—pyridine—water (10: 4:3); (B) butan-1l-ol- 
ethanol—-water (4: 1:5, upperlayer). Enzymic digests were carried out using ‘‘ Hemicellulase "’ 
(L. Light and Co. Ltd.). 

Enzymic Degradation of Cocksfoot Grass Xylan.—Digests containing xylan (ca. 20 mg.) in 
water (5 ml.), enzyme (10 mg.) in water (3 ml.), acetate buffer (0-05m; 10 ml.; pH 5), and 
toluene (2 ml.) were prepared in (a) water (25 ml.), (b) 0-01M-L-arabonolactone (25 ml.), and (c) 
0-1m-L-arabonolactone (25 ml.), and where necessary the pH was brought to 5 by the addition 
of aqueous sodium hydroxide. The digests were incubated at 37°, and samples (3 ml.) were 
withdrawn at intervals. Samples were heated on a boiling-water bath for 3 min. to inactivate 
th enzyme, the cooled solutions were poured on columns (3 x 1 cm.) of charcoal-Celite, and the 
columns were eluted with water to remove most of the monosaccharides, inorganic material, 
and where present arabonolactone, and with water containing 5% and 15% of ethanol to 
remove the last traces of monosaccharides together with oligosaccharides. The eluates with 
water containing 5% and 15% of ethanol were examined chromatographically in solvent 
A. 

(a) Samples withdrawn after 2, 4, 6, 8, and 10 hr. all showed xylose, arabinose, glucose, and 
galactose, and a series of oligosaccharides with similar chromatographic mobilities to those of 
xylobiose (Rxylose 0°60), xylotriose (Rxyiose 0-30) and xylotetraose (Rxyjose 0-14). 

(b) A sample withdrawn after 16 hr. showed traces of two oligosaccharides (Rxyiose 0-66 and 
0-40) in addition to monosaccharides and xylobiose and its polymer homologues. These 
oligosaccharides were no longer present in the sample withdrawn after 24 hr. 

(c) Samples withdrawn after 2, 4, 6, 8, and 10 hr. showed monosaccharides, xylobiose, and 
its polymer homologues, and a second series of oligosaccharides (Fxyjose 0-66, 0-40, and 0-18), 
which was present in greatest amount after 4 hr. 

Xylan (5 g.) was dispersed in water (500 ml.) by shaking overnight, and 3N-sodium hydroxide 
(10 ml.) was added to ensure complete dissolution. After 1 hr. the solution was neutralised to 
pH 5 by the addition of glacial acetic acid, and L-arabonolactone (25 g.) in water (250 ml.) and 
acetate buffer (0-05M; 500 ml.; pH 5) were added. The solution was heated to 35°, enzyme 
(500 mg.) was added, and the solution was incubated at 35° for 4 hr. The solution was heated 
on the boiling-water bath to inactivate the enzyme, and the cooled solution was poured into 
acetone (1 vol.). Precipitated polysaccharide was removed at the centrifuge, and the super- 
natant liquid was evaporated under reduced pressure to remove acetone. The remaining 
solution was poured on charcoal—Celite (1:1; 50 g.), and elution of the column with water 
removed arabonolactone, monosaccharides, and inorganic ions. Elution of the column with 
water containing varying amounts of ethanol failed to afford any satisfactory resolution of 
oligosaccharides, and the column was eluted with water containing 25% of ethanol to remove 
remaining oligosaccharides. ‘Fractions containing oligosaccharides were evaporated under 
reduced pressure to remove ethanol, electrodialysed to remove inorganic ions, and concen- 
trated. The residual syrup was separated on filter sheets with solvent A, to give oligosaccharides 
(Rxyiose 9°60, 0-30, and 0-14), which gave only xylose on hydrolysis, and oligosaccharides 
(Rxyiose 0-66, 0-40, and 0-18) which gave arabinose and xylose on hydrolysis. The trisaccharide 
(70 mg.) (Rxyiose 0-40) was isolated ‘in sufficient amount for more detailed investigation. 

Examination of Trisaccharide——The chromatographically pure sugar had [aj, —14-9° 
(c 0-5 in H,O), and chromatographic examination of the hydrolysate in solvent A followed by 
quantitative estimation } showed the presence of xylose (66%) and arabinose (33%). The 

1% Flood, Hirst, and Jones, J., 1948, 1679. 
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sugar (5 mg.) was heated in 0-01N-oxalic acid (2 ml.) at 100° and samples were withdrawn at 
intervals for chromatographic examination in solvent A. After 1 hr. arabinose, xylobiose, and 
unchanged trisaccharide were found, and after longer periods the trisaccharide disappeared 
and small amounts of xylose appeared. The sugar (5 mg.) was oxidised with 0-143M-sodium 
metaperiodate (10 ml.) for 4 days at room temperature (in a parallel experiment the consumption 
of periodate, measured spectrophotometrically," corresponded to 2-9 moles per mole of tri- 
saccharide). Sodium ions were removed with Amberlite resin IR-120(H), and iodate ang 
periodate ions with an excess of barium hydroxide. Excess of barium hydroxide was 
precipitated as carbonate by passage of carbon dioxide through the solution. The oxidised 
trisaccharide was hydrolysed and quantitative chromatography with L-rhamnose as 
reference sugar showed the presence of xylose (0-92 mole per mole of trisaccharide). The sugar 
(5 ml.) was dissolved in oxygen-free N-sodium hydroxide (5 ml.). Withdrawal of a sample 
after 56 hr., followed by passage through a column of Amberlite resin IR-120(H) and chromato- 
graphy in solvent B, showed xyloisosaccharinolactone.® 

Enzymic Degradation of Rye Flour Xylan and Examination of a Trisaccharide.—Rye-flour 
xylan (2 g.) was dissolved in water (150 ml.) by shaking overnight; 0-05m-acetate buffer (100 
ml.; pH 4-5), L-arabonolactone (20 g.), and enzyme (700 mg.) in water (50 ml.) were added and 
the solution was incubated at 35° for 3 hr. The solution was heated at 100° for 5 min. to 
inactivate the enzyme, and after cooling was poured into ethanol (1 vol.). The mixture of 
protein and degraded polysaccharide was removed at the centrifuge, and the supernatant 
liquid was concentrated under reduced pressure to remove ethanol and poured on a column of 
charcoal—Celite (1:1; 20 g.). The column was washed with water until free from mono- 
saccharides and then with water containing increasing amounts of ethanol to remove oligo- 
saccharides. The fraction eluted with water containing 10% of ethanol contained a chromato- 
graphically pure trisaccharide (70 mg.), Rxyiose 0-40 in solvent A, which was present in sufficient 
amount for more detailed investigation. Other fractions contained oligosaccharides with 
chromatographic mobilities similar to those of xylobiose (Rxyiose 0-60) and xylotriose (Ryyios 
0-30), and a disaccharide (Fxyiose 0-66) which gave arabinose and xylose on hydrolysis. 

The trisaccharide had [a],, —15-3° (c 0-67 in H,O), and chromatographic examination of the 
hydrolysate in solvent A followed by quantitative estimation 1° showed the presence of xylose 
(65%) and arabinose (32%). Hydrolysis of the trisaccharide with 0-01N-oxalic acid at 100° 
resulted in the rapid release of arabinose with the formation of xylobiose. The sugar (5 mg.) 
was oxidised with 0-143m-sodium metaperiodate (10 ml.) at room temperature (in a parallel 
experiment the consumption of periodate, measured spectrophotometrically,4 corresponded 
to 3-1 moles per mole of trisaccharide). Sodium ions were removed with Amberlite resin 
IR-120(H), and iodate and periodate ions with an excess of barium hydroxide. Excess of 
barium hydroxide was precipitated as carbonate by passage of carbon dioxide through the 
solution. The oxidised trisaccharide was hydrolysed and quantitative chromatography,” 
with L-rhamnose as reference sugar, showed the presence of xylose (0-90 mole per mole of 
trisaccharide). The sugar (5 mg.) was dissolved in oxygen-free 0-95N-sodium hydroxide (5 ml.) 
and kept at room temperature. Withdrawal of a sample after 48 hr., followed by passage 
through a column of Amberlite resin IR-120(H) and chromatography showed xyloisosaccharino- 
lactone. After 96 hr. a trace of a xylometasaccharinolactone was also found. 

Rye-flour xylan (100 mg.) in water (5 ml.) and 0-05m-acetate buffer (5 ml.; pH 4-5) was 
added to enzyme (30 mg.) in water (30 ml.), and the solution was incubated at 35° for 3 hr. 
The solution was heated at 100° for 5 min. to inactivate the enzyme, and after cooling was 
poured on charcoal—Celite (1:1; 10g.). The column was eluted with water to remove mono- 
saccharides and inorganic ions, and with water containing increasing amounts of ethanol to 
remove oligosaccharides. Chromatography of the eluates showed xylose, arabinose, xylobiose, 
and xylotriose, but no arabinose-containing oligosaccharides. 

Methylation of the Trisaccharide Alcohol.—The trisaccharide (70 mg.) was treated with 
potassium borohydride (30 mg.) in water (2 ml.) for 3 hr. at room temperature, and excess of 
hydride was destroyed and potassium ions removed by shaking with Amberlite resin IR-120(H). 
The resulting solution was treated twice with methyl sulphate and sodium hydroxide, and 
the methylated glycitol (ca. 70 mg.) was isolated by extraction of the reaction mixture with 
chloroform. Hydrolysis of the methylated glycitol with N-sulphuric acid at 100° for 3 hr., 


Aspinall and Ferrier, Chem. and Ind., 1957, 1216. 
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followed by neutralisation with barium carbonate and chromatographic separation of the 
hydrolysate with solvent B, gave two fractions containing reducing sugars. Fraction 1 (17 mg.) 
had Rg 0-96 in solvent B and was characterised as 2,3,5-tri-O-methyl-L-arabinose by conversion 
into 2,3,5-tri-O-methyl-L-arabonamide, m. p. and mixed m. p. 135°. Fraction 2 (15 mg.), Rg 
0-70 in solvent B, crystallised and had m. p. and mixed m. p. (with 2,4-di-O-methyl-p- 
xylose) 114°. 

Test for the Formation of the Trisaccharide as a Product of Enzymic Synthesis.—Enzyme 
(40 mg.) in water (2 ml.) was added to a solution of L-arabinose (50 mg.), xylobiose (100 mg.), 
and xylotriose (100 mg.) in water (5 ml.) and 0-05m-acetate buffer (5 ml.; pH 4-5) containing 
t-arabonolactone (2 g.), and the solution was incubated at 35° for 3 hr. The products were 
worked up in the usual way and chromatography showed xylose and those sugars originally 
present but no arabinose-containing oligosaccharides. 


The authors thank Professor E. L. Hirst, C.B.E., F.R.S., for his interest and advice, the 
Department of Scientific and Industrial Research for the award of maintenance allowances 
(to R. J. S. and K. C. B. W.), and the Rockefeller Foundation and Imperial Chemical Industries 
Limited, Central Agricultural Control, for grants. 
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771. Ribose and its Derivatives. Part I1X.* The Use of 
Carbonyl Esters in Synthesis of «-Derivatives. 


By G. &. Barker, I. C. GILvam, (the late) P. A. Lorn, 
THELMA Douc Las, and J. W. Spoors. 


Chloroformic esters condense with methyl ribofuranoside and with ribose, 
yielding products containing both cyclic and acyclic carbonyl residues, the 
uses of which in preparing «-derivatives of the sugar are discussed. Methyl 
and benzyl ribopyranosides, on condensation with chloroformic esters, yield 
acyclic or mixed cyclic and acyclic carbonyl derivatives according to the 
conditions under which the condensation is carried out. 


WE have reported briefly ! attempts to use carbonate esters of ribose as intermediates in 
synthesis. While these investigations were in progress, similar experiments were 
communicated to us privately by Khorana and have since been reported in full.244 We 
have used methods for the synthesis of carbonyl esters of ribose which differ from those 
employed by Khorana and his co-workers, and we now report the potential uses of both 
furanose and pyranose carbonyl derivatives of ribose. 

Zemplén and Laszlo ® first prepared alkoxycarbonyl derivatives of carbohydrates by 
condensation with chloroformic esters; then Allpress and Haworth ® carried out similar 
condensations in presence of pyridine, but they obtained both acyclic and cyclic carbonate 
esters if the reaction was carried out in presence of aqueous alkali. It seemed to us that 
the latter method might yield useful derivatives of ribose. Chloroformic esters are to be 
preferred to carbonyl chloride for the preparation of carbonyl esters, since, in the latter 
case, isolated hydroxy] residues must be protected (e.g., with a benzyl residue *) to avoid 
the formation of polymeric products and we found this to be unnecessary if a chloroformic 
ester is used. 


* Part VIII, J., 1959, 584. 


? Barker, Gillam, and Spoors, Chem. and Ind., 1956, 1312. 

* Tener, Wright, and Khorana, ]. Amer. Chem. Soc., 1956, 78, 506. 
* Tener and Khorana, J. Amer. Chem. Soc., 1957, 79, 437. 

* Tener, Wright, and Khorana, J. Amer. Chem. Soc., 1957, 79, 441. 
5 Zemplén and Laszlo, Ber., 1915, 48, 915. 

* Allpress and Haworth, J., 1924, 1223. 











3886 Barker, Gillam, Lord, Douglas, and Spoors: 


Condensing methyl «$-p-ribofuranoside with methyl chloroformate in presence of 
either pyridine or aqueous sodium hydroxide yielded what we presume to be methyl 
5-O-methoxycarbonyl-«8-D-ribofuranoside 2,3-carbonate. D-Ribose with methyl chloro. 
formate in presence of aqueous sodium hydroxide was then found to yield what are assumed 
to be 1,5-di-O-methoxycarbonyl-a- and -f-p-ribofuranose 2,3-carbonates. In an attempt 
to establish the general course of this type of reaction, ribose was condensed with benzyl 
chloroformate, but no crystalline product could be obtained. Methyl chloroformate with 
methyl «f-p-ribopyranoside in pyridine gave crystalline methyl 2,3,4-tri-O-methoxy- 
carbonyl-a$-D-ribopyranoside. On the other hand, methyl or benzyl «$-p-ribopyranoside, 
in presence of aqueous sodium hydroxide, yielded what, for reasons outlined below, we 
believe to be methyl and benzyl 2-O-methoxycarbonyl-«8-D-ribopyranoside 3,4-carbonate 
respectively. Benzyl 6-p-ribopyranoside with benzyl chloroformate in presence of aqueous 
sodium hydroxide yielded benzyl 2-O-benzyloxycarbonyl-8-D-ribopyranoside 3,4-carbonate. 
Hydrogenation of this material in dioxan with palladised charcoal yielded crystalline 
benzyl $-p-ribopyranoside 3,4-carbonate, and this was hydrogenated in ethanol with the 
same catalyst to D-ribose 3,4-carbonate, an oil which was converted into the crystalline 
toluene-p-sulphonylhydrazone. The structure of the ribose carbonate was proved when 
it consumed one mol. of sodium metaperiodate and released one mol. of titratable acid. 
It follows that the structures of the two intermediates from which the ribose carbonate 
was obtained are as specified above. It is also considered likely that condensation of 
methyl and benzyl ribopyranoside with methyl chloroformate introduces a cyclic carbonyl 
residue at positions 3 and 4. We believe that the formation of a cyclic carbonate from 
methyl ribofuranoside in presence of aqueous alkali or pyridine is due to the favourable 
disposition of the 2- and the 3-hydroxyl group and find it highly likely that the cyclic 
carbony] group is at these positions in the 1ibofuranosy]l residue. 

In the above compounds the presence of cyclic or acyclic carbonyl residues can 
readily be detected by infrared spectroscopy. The C=O stretching frequency of the 
cyclic carbonyl residue lay between 1810 and 1820 cm., whereas that of the acyclic 
residue occurred at 1750 cm.!. This distinction has been confirmed in a large number of 
cases.” 

The object of the present investigations was to facilitate the production of «-ribosyl 
derivatives by introducing a 2-acyl group that cannot participate in reactions at position 1. 
The above results do not do this in the ribopyranose series. To test the possibility in the 
ribofuranose series, the «- and the 8-form of 1,5-di-O-methoxycarbonyl-p-ribofuranose 
2,3-carbonate were separately converted into the 1-chloro-derivatives. These, on treat- 
ment with methanol and silver carbonate followed by removal of ester residues, yielded 
methyl ribofuranosides; chromatography of the crude products showed that the 6-ester 
gives rise entirely to methyl «-p-ribofuranoside, whereas the «-ester yields largely the 
a-glycoside. Syrupy 5-O-methoxycarbonyl-«$-p-ribofuranosyl bromide 2,3-carbonate 
prepared from the anomeric mixture of esters also yielded a mixture of «- and 6-glycosides, 
approximately in the proportion 3:1. Experiments were then carried out by Wright 
and Khorana’s method § to test the potentialities of carbonate esters in preparing «-ribo- 
furanose 1-phosphate. Speed of operation is essential in this method of phosphorylation 
and it was found that the 1-chloro-derivatives described above did not react rapidly 
enough to make their use profitable. Interaction of 5-O-methoxycarbonyl-«$-p-ribo- 
furanosyl bromide 2,3-carbonate with diethylammonium dibenzyl phosphate gave, after 
removal of protecting groups, D-ribofuranose 1-phosphate (isolated as its dicyclohexyl- 
ammonium salt). This material was shown by the method of Khorana, Tener, Wright, 
and Moffatt ® to contain some $-isomer, the proportion of which was determined by using 
the enzyme nucleoside phosphorylase. Unreliable results were obtained with the enzyme 


7 Hough, Priddle, Theobald, Barker, Douglas, and Spoors, Chem. and Ind., 1960, 148. 
§ Wright and Khorana, J. Amer. Chem. Soc., 1955, 77, 3423. 
* Khorana, Tener, Wright, and Moffatt, J]. Amer. Chem. Soc., 1957, 79, 430. 
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from pig liver © owing to the presence in the preparation of xanthine oxidase, and it has 
been pointed out that falsely high estimates of the proportion of «-p-ribofuranose 
1-phosphate may be obtained with enzyme preparations which have not been thoroughly 
tested for the presence of xanthine oxidase. It was found that the nucleoside phos- 
phorylase of calf spleen is free from xanthine oxidase and, using this enzyme, we 
estimated that the crude ribose 1-phosphate contained approximately 25% of the «-isomer. 
A similar conclusion was reached by measurement of the specific rotation of the dicyclo- 
hexylammonium salt of the product. 

These results were unexpected for two reasons. First, it had been found that 5-O- 
methoxycarbony]-«8-D-ribofuranosyl bromide 2,3-carbonate gave predominantly the 
a-glycoside on reaction with methanol. Secondly, Khorana and his co-workers had 
reported obtaining predominantly the a-phosphate from their 5-O-acetyl-p-ribofuranosyl 
bromide 2,3-carbonate. As has been previously emphasised,** the formation of the 
g-isomer in reactions involving 2-O-acetylpentafuranosyl halides is attributable to 
shielding of the «-side of Cg) by the neighbouring acetoxy-residue, resulting in Walden 
inversion when an a-halogeno-derivative is concerned. Khorana and his co-workers 
believe that their halogeno-sugar derivative has the @-configuration because the product 
consists mainly of the «-phosphate. However, it is considered inadmissible to assume an 
inversion of configuration during a reaction in which the shielding effect of a 2-acetoxy- 
residue is absent. The difference between our results and those of Khorana and his 
co-workers may be due to the fact that, whereas in our experiments the bromine atom 
was introduced at position 1 under mild conditions, the replacement of the glycosidic 
methoxyl group by bromine, in Khorana’s experiments, required much more vigorous 
conditions and the composition of the anomeric mixture of bromides may have been 
different. It is concluded that, under certain conditions, cyclic carbonates of ribo- 
furanose, but not ribopyranose, are useful intermediates in the synthesis of «-derivatives 
of the sugar. It is believed that the absence of a participating group at position 2 results 
in a less uniform steric course in reactions at position 1 and that the proportions of «- and 
8-isomers produced by replacement of halogen at this position depend to a large extent 
on such factors as the configuration at position 1 in the starting material, the nature of 
the incoming residue, and the conditions under which the reaction is carried out. 


EXPERIMENTAL 


Methyl 5-O-Methoxycarbonyl-aB-pD-ribofuranoside 2,3-Carbonate.—(a) Methyl «§-p-ribo- 
furanoside (3-6 g.), water (10 c.c.), and methyl chloroformate (7 c.c.) were vigorously stirred 
together at 0° and 2N-sodium hydroxide was added at such a rate that the temperature did not 
rise above 3°. Addition of sodium hydroxide was stopped when the solution became per- 
manently alkaline to litmus. The gum which was formed was washed twice with water at 0° 
(100 c.c.) and distilled under reduced pressure to yield a product having b. p. 140°/0-05 mm., 
n,* 1-4590 (Found: C, 43-3; H, 4:7; OMe, 24-8. C,H,,O, requires C, 43:5; H, 4:9; OMe, 
250%), Vmax. (C=O) 1750, 1810 cm.7}. 

(b) A mixture of methyl «$-p-ribofuranoside (2 g.), methyl chloroformate (7 c.c.), and 
pyridine (15 c.c.) was left at room temperature with the exclusion of moisture for 4 hr. The 
solvent was removed under reduced pressure and the residue was shaken with water (40 c.c.) 
and extracted three times with chloroform (25 c.c.). The combined extracts were washed with 
water, then dried (MgSO,), and the solvent was removed under reduced pressure. The residue 
had b. p. 140°/0-05 mm., m,,*° 1-4586 (Found: OMe, 24-9%). 

1,5-Di-O-methoxycarbonyl-p-ribose 2,3-Carbonate-——To a cooled and stirred mixture of 
D-ribose (3 g.), water (25 c.c.) and methyl chloroformate (10 c.c.), 2N-sodium hydroxide (approx. 


% Kalckar, J. Biol. Chem., 1947, 167, 477. 

™ Barker and Gillam, Biochim. Biophys. Acta, 1960, 40, 163. 

% Price, Otey, and Plesner in Colowick and Kaplan’s “‘ Methods in Enzymology,” Academic Press 
Inc., New York, 1957, Vol. II, p. 448. 

%* Haynes and Newth, Adv. Carbohydrate Chem., 1955, 10, 207. 
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45 c.c.) was added at such a rate that the temperature did not rise above 1°. Addition was 
stopped when the solution became permanently alkaline to litmus. The precipitate was 
dissolved in hot ethyl acetate (25 c.c.) and the solution, after filtration, was kept at room 
temperature overnight. Fractional crystallisation from ethyl acetate of the anomeric mixture 
obtained (5 g.) yielded the less soluble 1,5-di-O-methoxycarbonyl-B-p-ribofuranose 2,3-carbonate 
as prisms, m. p. 180°, [aJ,,"* —152° (c 1-03 in CHCI,) (Found: C, 41-3; H, 4:3; OMe, 21:5, 
CygH,019 requires C, 41-1; H, 4-1; OMe, 21-2%), vmax (C—O) 1750, 1810 cm., and 1,5-di-O- 
methoxycarbonyl-a-p-ribofuranose 2,3-carbonate as needles, m. p. 162°, [a], —76° (c 1-0 in CHCI,) 
(Found: C, 41-3; H, 4-4; OMe, 21-5%), vmax. (C=O) 1750, 1810 cm. 

Conversion of 1,5-Di-O-methoxycarbonyl-p-ribofuranose 2,3-Carbonate into Methyl Ribo- 
furanosides.—(a) The material (0-6 g.) was boiled in a mixture of chloroform (15 c.c.) and 
titanium tetrachloride (1-5 c.c.) with exclusion of moisture for 1 hr., then poured into 
water at 0°. The chloroform layer was washed with water (6 x 50 c.c.), dried (MgSO,), and 
evaporated under reduced pressure. The residual crystals (0-3 g.) were dissolved in dioxan 
(6 c.c.) and shaken for 3 hr. at room temperature with methanol (60 c.c.), freshly prepared 
silver carbonate (3-0 g.), and anhydrous calcium sulphate (1-5 g.). Solids were removed and 
the filtrate was evaporated to a syrup under reduced pressure. The syrup was warmed in 
methanol (30 c.c.) on the steam-bath for 0-5 hr. with 5% (w/v) aqueous barium hydroxide 
(30 c.c.). The solution was cooled, saturated with carbon dioxide, filtered, and evaporated 
under reduced pressure, yielding syrupy methyl p-ribofuranoside (0-15 g.). A portion of the 
material obtained from  1,5-di-O-methoxycarbonyl-«-p-ribofuranose 2,3-carbonate, when 
oxidised by sodium metaperiodate, consumed 1-05 mol. Another portion of this syrup was 
chromatographed on paper in butan-l-ol-water and gave a strong spot (Ry 0-33) corresponding 
to methyl a-p-ribofuranoside and a faint spot (Ry, 0-42) corresponding to methyl £-p-ribo- 
furanoside.* A portion of the syrup obtained from 1,5-di-O-methoxycarbonyl-f-p-ribo- 
furanose 2,3-carbonate was oxidised in the same way and consumed 1-03 mol. of sodium meta- 
periodate. On chromatography in the solvent system named above it gave a single spot 
(Rp 0-33). 

(b) 1,5-Di-O-methoxycarbonyl-aB-p-ribofuranose 2,3-carbopnate was converted into the 
anomeric syrupy mixture of bromides * and was shaken for 2 hr. at room temperature with 
benzene (10 c.c.), methanol (40 c.c.), silver carbonate (8 g.), and anhydrous calcium sulphate 
(3 g.) in presence of a few glass beads. Solids were removed and the filtrate was evaporated 
under reduced pressure. The remaining syrup was dissolved in methanol (5 c.c.) and warmed 
on the steam-bath for 30 min. with barium hydroxide octahydrate (2-7 g.) in water (20 c.c.), 
Carbon dioxide was passed through the solution and, after filtration, the filtrate was evaporated 
under reduced pressure toa syrup. Chromatography of a portion of this material in butan-1-ol- 
water gave two spots corresponding to methyl «-p-ribofuranoside and methyl #-p-ribo- 
furanoside. A portion of the crude syrup was sublimed at 0-01 mm. (bath-temp. 100°). The 
sublimed syrup had [uj,,"* + 95° (c 1-04 in MeOH), corresponding to 75% of the a-isomer in the 
mixture. 

Conversion of 1,5-Di-O-methoxycarbonyl-p-ribose 2,3-Carbonates into a- and £-pD-Ribo- 
furanose 1-Phosphate-—The anomeric mixture of the starting material (1 g.) was converted 
into the syrupy bromides which were treated in benzene (5 c.c.) with dibenzyl phosphate (1-37 g.) 
and triethylamine (0-5 g.) in benzene (7 c.c.). Dicyclohexylammonium af-p-ribofuranose 
1-phosphate was isolated as described by Tener, Wright, and Khorana ‘4 and had m. p. 150— 
158°, {aJ,,** +18-0° (c 1-78 in H,O) (Found: N, 6-3; P, 7-27. Calc. for C,,H;,O,N,P: N, 6-54; 
P, 7-23%). After conversion of a portion of this material into the pyridinium salt and treat- 
ment with dicyclohexylcarbodi-imide,*® chromatography indicated that some of the phosphorus- 
containing material was converted into cyclic phosphate (Ry 0-49) and phosphorylurea 
derivative (Ry 0-9), but some of the the material remained unchanged and had Ry, 0-1. A 
portion of the dicyclohexylammonium salt was incubated with calf-spleen nucleoside phos- 
phorylase as described by Barker and Gillam." The following values for AE,., were obtained: 
0-46 (0-23) (5 min.), 0-40 (0-15) (10 min.), 0-40 (0-04) (20 min.): figures in parentheses are values 
obtained under comparable conditions with natural p-ribose 1-phosphate. 

Methyl 2,3,4-Tri-O-methoxycarbonyl-aB-p-ribopyranoside.—Methyl chloroformate (10 c.c.) 


“ Barker and Smith, J., 1954, 2151. 
18 Howard, Lythgoe, and Todd, J., 1947, 1052. 
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in chloroform (10 c.c.) was added slowly to methyl «$-p-ribopyranoside (1-62 g.) in pyridine 
(10 c.c.) and chloroform (25 c.c.) at 0—3°. The mixture was left at room temperature with 
exclusion of moisture for 4 hr., then evaporated under reduced pressure. The residue was 
shaken with water (40 c.c.) and extracted with chloroform (3 x 25 c.c.), and the combined 
extracts were washed with water and dried (MgSO,). Removal of solvent under reduced 
pressure gave methyl 2,3,4-tri-O-methoxycarbonyl-a8-D-ribopyranoside which crystallised in 
needles (from methanol), m. p. 120—123°, {a],,2° —74° (c 1-12 in CHCI,) (Found: C, 42-3; H, 5-4; 
OMe, 36°4. C,,H,,0,, requires C, 42-6; H, 5-3; OMe, 36-7%), vax (C=O) 1750 cm.*. 

Methyl  2-O-Methoxycarbonyl-af-D-ribopyranoside 3,4-Carbonate-——Methyl «-p-ribo- 
pyranoside (2-1 g.), water (10 c.c.) and methyl chloroformate (7 c.c.) were stirred at 0° and 
2n-sodium hydroxide was added slowly, at <3°, until the solution became permanently alkaline 
to litmus. The solvent was decanted from the gum, which was washed twice with water 
(100 c.c.) and crystallised from ethanol, yielding the product as needles, m. p. 140—141°, [aJ,1° 
—158° (c 1-27 in CHCI,) (Found: C, 43-75; H, 5-0; OMe, 25-2. C,H,,O, requires C, 43-5; 
H, 4:85; OMe, 25-0%), vmax, (C=O) 1750, 1810 cm.*}. 

Benzyl 2-O-Methoxycarbonyl-B-pD-ribopyranoside 3,4-Carbonate.—Benzyl (-p-ribopyranoside 
(2 g.) was treated with methyl chloroformate (7 c.c.) as described above. The product separated 
in needles from ethanol (1 g.), m. p. 157-5—158-5°, [a],2% —159° (¢ 5-75 in CHCI,) (Found: 
C, 55:3; H, 5-0; OMe, 9-6. C,;H,,O, requires C, 55-5; H, 4-9; OMe, 9°6%), vmax. (C=O) 1750, 
1810 cm.. 

Benzyl 2-O-Benzyloxycarbonyl-8-p-ribopyranoside 3,4-Carbonate.—Benzy] 8-p-ribopyranoside 
(2 g.) with benzyl chloroformate (10 c.c.), as described above, yielded a product (2 g.) as needles 
(from ethanol), m. p. 168-5—169-5°, {aJ,° —151° (c 2-0 in CHCl,) (Found: C, 62:5; H, 5-5. 
C,,H.»,O, requires C, 62-8; H, 5-0%), vmax, (C=O) 1750, 1810 cm.*. 

Benzyl §-D-Ribopyranoside 3,4-Carbonate-——Benzyl 2-O-benzyloxycarbonyl-{§-p-ribo- 
pyranoside 3,4-carbonate (0-59 g.) was hydrogenated under slight positive pressure in presence 
of dioxan (25 c.c.) and 10% palladium-charcoal (0-5 g.). Uptake of hydrogen was complete 
in 1 hr. and, after removal of solvent and catalyst, the product crystallised as needles and, 
recrystallised from water, had m. p. 119—120°, {a],,2° —175° (c 2-5 in CHCI,) (Found: C, 58-5; 
H, 5-2. C,3H,,O, requires C, 58-7; H, 5-26%), vmax. (C=O) (evaporated film) 1810 cm.". 

Benzyl 2-O-Toluene-p-sulphonyl-8-D-ribopyranoside 3,4-Carbonate.—Benzyl (-p-ribo- 
pyranoside 3,4-carbonate (0-1 g.), pyridine (1 c.c.), and toluene-p-sulphonyl chloride (0-8 g.) 
were mixed at 0° and left overnight at room temperature with exclusion of moisture. Water 
(1 c.c.) was added and the product which separated was collected; crystallised from ethanol, 
it had m. p. 171° (Found: C, 57-3; H, 5-3. Cy 9H .,O,S requires C, 57:2; H, 48%). The 
material did not react with sodium iodide when heated in acetone at 100° for 2 hr. 

p-Ribose 3,4-Carbonate.—Benzy] 8-pD-ribopyranoside 3,4-carbonate (0-5 g.) was hydrogenated 
under slight positive pressure in presence of ethanol (25 c.c.) and 10% palladium-charcoal 
(0-5 g.). Removal of catalyst and solvent gave p-ribose 3,4-carbonate as a hygroscopic gum. 
A portion of the gum (0-0245 g.) was diluted to 10 c.c. with 0-0638N-sodium metaperiodate. 
At various intervals samples (1 c.c.) were withdrawn and excess of periodate was determined 
by the arsenite method. The following mols. of periodate were consumed: 0-727 (10 min.), 
0-770 (40 min.), 0-913 (100 min.), 0-955 (160 min.), 1-005 (240 min.), 1-079 (340 min.). The 
remaining syrupy D-ribose 3,4-carbonate was converted by the method of Easterby, Hough, 
and Jones '* into p-ribose 3,4-carbonate toluene-p-sulphonylhydrazone, m. p. 197—198° (decomp.), 
{a],,2° —129-5° (c 2-0 in pyridine) (Found: C, 45-5; H, 48; N, 83. C,3;H,,0,N,S requires 
C, 45-5; H, 4-7; N, 8-1%). 


Financial assistance from the British Empire Cancer Campaign is gratefully acknowledged. 


THE UNIVERSITY, MANCHESTER, 13. [Received, February 25th, 1960.) 


16 Easterby, Hough, and Jones, J., 1951, 3416. 
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772. Alkyl- and Aryl-thio-iron Tricarbonyls. 
By S. F. A. KETTLE and L. E. OrcEL. 


It is shown that the compound Fe(CO),°SPh, previously reported to be a 
monomer, is dimeric. The nature of the bridging group is briefly discussed. 


THE report that cryoscopic determination of the molecular weight in benzene indicates 
that the compound [Fe(CO),*SPh], is a monomer! is remarkable in view of the unusual 
stability, for that implies the presence of an unpaired electron. Re-examining the sub- 
stance by modern physical methods, we found that: (1) The substance is diamagnetic in 
acetone. (2) The proton resonance spectrum consists of a single broad peak displaced 
1-95 p.p.m. to low field of the water resonance. This is characteristic of a variety of 
diamagnetic phenyl compounds. If an unpaired electron were present, large chemical 
shifts of the proton resonance frequencies would be expected. (3) The ebullioscopic 
molecular weight in chloroform is 476 (calc. for the dimer: 498). (4) The infrared spectrum 
in the carbonyl region of a solution in carbon tetrachloride or chloroform is very similar 
to that of the ethylthio-compound (Table), which is known to be a dimer,” [Fe(CO),°SEt},. 
(5) The infrared spectrum is almost the same in benzene, carbon tetrachloride, and chloro- 
form (Table). 


Infrared spectra in the carbonyl region (numbers in parentheses refer to the Figure). 


CCl, soln. C,H, soln. 
[Fe(CO), °SPh], .............2. (1) 2078, 2041, 2009, 2001 (3) 2077, 2041, 2003 
[Fe(CO),‘SEt], ...........+++- (2) 2073, 2037, 2000, 1991 | (4) 2073, 2036, 2000, 1990 


Infrared spectra in the carbonyl region of 
[Fe(CO),"SPh], (nos. 1 and 3) and 
[Fe(CO),*SEt], (nos. 2 and 4). For 
details see the Table. [The right- 
hand peak in (4) is due to solvent.) 


























NW 


(”) (2) (3) (4) 


We conclude that the correct formula, in solution in carbon tetrachloride, chloroform, 
and benzene, is [Fe(CO),‘SPh],. The absence of absorption in the bridging carbonyl 
region indicates that the structure is (I), which is similar to that of the isoelectronic nitrosyl 
sulphide * [Fe(NO),*SEt],. The details of the carbonyl absorption are not sufficient to 
establish the structure unambiguously. The slight splitting of one of the C=O stretching 
frequencies is yet another indication that safe conclusions about structure cannot be 
drawn from the number of frequencies observed in low-dispersion infrared studies; we 
observed three rather than four when using a rock-salt prism. If the number of carbonyl 
frequencies is taken at its face value, we may deduce that the molecule does not have a 
centre of symmetry, but again such deductions are unreliable. 


1 Hieber and Spacu, Z. anorg. Chem., 1937, 288, 353. 
2 Reihlen, Friedolsheim, and Oswald, Annalen, 1928, 465, 72. 
* Hofmann and Wiede, Z. anorg. Chem., 1895, 9, 300. 
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The electronic structure of the molecule is not particularly clear. If we apply the usual 
“ inert-gas structure ”’ rules we deduce either that each phenylthio-group contributes four 
electrons or, more plausibly, that there is a metal-metal bond and that each phenylthio- 
group contributes three electrons. The best “ classical” structure is (II), but should not 





SPh *S$Ph 
(COO,F \Fecor, oFeL Feco), 
(1) SPh *$Ph (II) 


be considered as a satisfactory representation of the electronic structure. It should be 
noted that neither the infrared spectrum nor theoretical considerations about the electronic 
structure require the iron and sulphur atoms to be co-planar. 

Dr. L. E. Sutton has kindly measured the dipole moment of this compound and finds 
a value of 2-1 -+ 0-1 p. He informs us that this evidence is inconclusive but that there 
may be some departure from planarity. 


EXPERIMENTAL 


(a) [Fe(CO),°SPh],.—Thiophenol (5 ml.) was refluxed with iron tetracarbonyl (4 g.) under 
nitrogen on a water-bath. When the green colour was discharged, the flask was cooled, and 
acetone (40 ml.) added. The solution was filtered and poured into dilute aqueous sodium 
hydroxide (100 ml.). After being boiled and stored for 1 hr. the product was filtered off, dried 
under high vacuum, and recrystallised from xylene (Found: C, 43-6; H, 2-1. Calc. for 
CisHypFe,0,S2: C, 43-4; H, 20%; it had m. p. 135° (lit.,1 140°). 

(b) [Fe(CO),°SEt],.—Ethanethiol (8 ml.) was refluxed with iron tetracarbonyl (4 g.) under 
nitrogen. Separation of the product was as described above except that much passed through 
the final filtration. This was recovered by ether-extraction. The product, recrystallised from 
xylene (Found: C, 30-1; H, 2-75. Calc. for C,gH,)Fe,0,5,: C, 29-9; H, 25%), had m. p. 
74° (lit.,2 67°). 

Physical Measurements.—The magnetic susceptibility was determined by the Gouy method 
at room temperature: 0-949 g. of compound, dissolved in acetone to 20 ml., deflected —0-001 + 
0-002 gauss in the field; 1-179 g. of ““AnalaR ”’ nickel ammonium sulphate, dissolved in water to 
20 ml., deflected —0-035 + 0-002 gauss in the field. The compound is probably diamagnetic 
although it may be very weakly paramagnetic. 

The compound (0-0882 g.) in chloroform (7-445 g.) (K ~42-20°) gave a b. p. elevation of 
0-105°, corresponding to a molecular weight of 476. 

The proton magnetic resonance spectrum of a solution in acetone was recorded on a Varian 
Associates high-resolution nuclear magnetic resonance spectrometer, model no. V-4300 B. 

Infrared spectra were recorded with a Perkin-Elmer Model 21 infrared spectrometer, with 
a 0-1 mm. sodium chloride cell and fluorite prism. 


We are indebted to the Mond Nickel Co. Ltd. for a gift of iron pentacarbonyl, and to the 
Nuffield Foundation for financial support. 
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773. Conformationally Fixed Olefins. Part I. The Epimeric 
1-Methyl-4-t-butylcyclohexanols and 1-Methylene-4-t-butylcyclohexane. 


By B. Cross and G. H. WHITHAM. 


Configurations have been assigned to the two epimeric 1-methyl-4-t-butyl- 
cyclohexanols, and their dehydration by phosphorus oxychloride in pyridine 
has been studied. 

1-Methylene-4-t-butylcyclohexane has been prepared by the Wittig 
reaction. 


A SIMPLE, conformationally homogeneous system containing an exocyclic methylene group 
was required for projected experiments on the stereochemistry of olefin reactions, 
Winstein and Holness,! and others,? have used the t-butyl group as a means of fixing the 
conformation of simple cyclohexane derivatives, the free-energy difference between the 
two possible chair conformations of t-butylcyclohexane being 5-4—5-8 kcal./mole in favour 
of the form with the t-butyl group equatorial. Thus l-methylene-4-t-butylcyclohexane 
(I) appeared to be a suitable compound since it should exist almost exclusively in conform- 
ation (Ia). In the cyclohexylidene system * the distance between the axial 4-hydrogen 
atom and the axial 2- and 6-hydrogen atoms is 2-37 A, i.e., an appreciable decrease with 
respect to the diaxial 1,3-hydrogen distance in cyclohexane (2-53 A). Thus there should 
be an even greater destabilisation of that conformation of hydrocarbon (I) with the t-butyl 
group axial than in the t-butylcyclohexane case.* 


5 

iW > <— 

' ~, oF OH Me 
(Ia) (I) {1I) (IIT) (IV) 


Dehydration of cis-1-methyl-4-t-butylcyclohexanol (II) (t-butyl cis to methyl) was 
first investigated as a means of preparing the methylene hydrocarbon (I). Such dehydr- 
ations of six-membered ring tertiary alcohols, by phosphorus oxychloride in pyridine, have 
been fairly extensively studied for fused polycyclic systems.5 Tertiary alcohols with an 
equatorial hydroxyl group give mainly the exocyclic olefin, whereas those with an axial 
hydroxyl group give the endocyclic olefin: the preferred trams-diaxial transition state for 
elimination cannot be achieved in formation of endocyclic olefin from the compound with 
an equatorial hydroxyl group. 

The two epimeric tertiary alcohols obtained by reaction of methylmagnesium iodide on 
4-t-butylcyclohexanone were separated by chromatography into one isomer, more readily 
eluted, m. p. 66—67°, and the other, m. p. 89—90°. Configurations (IV; axial OH) and 
(Il; equatorial OH) respectively, were assigned initially, on the basis of the chromato- 
graphic behaviour ® and the reactions with phosphorus oxychloride in pyridine described 
below. However, since these alcohols were required as reference compounds (see following 


* The contribution of boat forms is considered to be negligible in the absence of any special effect 
destabilising the more stable chair conformation.‘ 


1 Winstein and Holness, /. Amer. Chem. Soc., 1955, '77, 5562. 

2 Eliel and Ro, Chem. and Ind., 1956, 251; J. Amer. Chem. Soc., 1957, 79, 5992, 5995; Eliel and 
Lukach, ibid., 1957, 79, 5986; Lau and Hart, ibid., 1959, 81, 4897; Curtin, Stolow, and Maya, ibid., 
1959, 81, 3330; Stolow, ibid., 1959, 81, 5806. 

* Corey and Sneen, J. Amer. Chem. Soc., 1955, '77, 2505. 

* Barton, Lewis, and McGhie, J., 1957, 2907; Djerassi, Finch, and Mauli, J. Amer. Chem. Soc., 1959, 
81, 4997. 
® (a) Barton, Campos-Neves, and Cookson, J., 1956, 3500; (b) Heusser, Wahba, and Winternitz, 
Helv. Chim. Acta, 1954, 37, 1052; Corey and Sauers, J]. Amer. Chem. Soc., 1959, 81, 1739. 

* Barton, J., 1953, 1027. . 
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paper) additional confirmation of the configurations was obtained as follows. (a) The 
C-O stretching regions of the infrared spectra in carbon disulphide (see Table) show close 
agreement with the spectra of the corresponding $-terpineols and -menthanols,’ the 
configurations of which are unequivocally based.* (6) The O-H stretching frequencies in 
the infrared spectra of dilute solutions (carbon tetrachloride) were at 3617 for alcohol (IV) 
and 3612 cm.* for alcohol (II). Cole e¢ al.® have recorded the spectra of a limited number 
of cyclic tertiary alcohols and quote 3617—3619 for axial hydroxyl and 3613 cm.* for 
equatorial hydroxyl. (c) Interaction of 1-methyl-4-t-butylcyclohexene (see below) with 
mercuric acetate in water followed by reduction with hydrazine gave the alcohol (IV); 
this parallels the corresponding reaction with carvomenthene’ which gives the known 
trans-p-menthanol, 


Infrared absorption bands in the 900—1200 cm. region. 


trans-1-Methyl-4-t-butylcyclohexanol (IV) ... 909 923 995 1031 1100 1200 
trans-p-Menthanol ? .............cseeseeeeeeeeneenees 907 941 988 1000 1084 1167 
frams-B-Terpineol ®  ......s.0.cecssooccscceseccsesees 911 930 952 1000 1100 1150 
cis-1-Methyl-4-t-butylcyclohexanol (II) ...... 914 979 1103 1142 
cis-p-Menthanol 7 ........c.ccsecseerecsececeseeeeees 915 981 1120 1150 
Cis-P-Terpimedl® — ........ccccesesscccsevcoecceseseees 916 982 1110 1145 


It is of interest that in the original Grignard reaction a preponderance of the equatorial 
isomer (II) over the axial isomer (IV) is obtained since it has usually been assumed ™ that 
formation of the axial alcohol, resulting from equatorial approach of reagent, is the 
favoured course of Grignard reactions with unhindered cyclohexanones. 

Treatment of the axial tertiary alcohol (IV) with phosphorus oxychloride in pyridine 
gave solely the expected 1-methyl-4-t-butylcyclohexene (III). When the equatorial 
alcohol (II) was similarly treated the hydrocarbon product, although containing some of 
the expected olefin (I), was stil) largely the endocyclic olefin (III). The amount of olefin 
(I) present in the mixture was estimated on the basis of the e value of the infrared band at 
890 cm.*! derived from the pure compound (see below). A value of ca. 8% was obtained. 
Since olefin (III) would be expected to be thermodynamically more stable than olefin 
(I) it was necessary to show that the products of dehydration were obtained under 
conditions of kinetic control. This was done by the recovery of pure olefin (I) after it had 
been subjected to the reaction conditions with phosphorus oxychloride and pyridine in the 
presence of pyridine hydrochloride. 

In competitive experiments it was shown that the axial alcohol (IV) was dehydrated 
rather more rapidly than the equatorial isomer (II), though the difference was small. 

There is thus a considerable divergence between the present results and those obtaining 
with fused polycyclic systems.5 This difference probably reflects the greater flexibility 
of the simple cyclohexane system which allows greater distortion in attaining the transition 
state for elimination. However, in comparing the present results with, e.g., the 
dehydration of 3a-methylcholestan-3$-ol, which gives largely 3-methylenecholestane,™ 
it is noteworthy that in the latter case a transition state involving a partial 3,4-double 
bond would have considerably higher energy than one involving positions 2,3 because of 
the steric requirements of the system.!* Thus on probability grounds alone there is twice 
the opportunity of obtaining the endocyclic olefin in the present instance. 

Consequently an alternative approach was required for preparation of the olefin (I). 
This was found in the Wittig reaction. Interaction of 4-t-butylcyclohexanone with 

7 Henbest and McElhinney, J., 1959, 1834. 

® Barnes, Austral. ]. Chem., 1958, 11, 134; Pascual and Coll, Anales real Soc. espan. Fis. Qutm., 
1953, 49, 547, 553. ' 

® Cole, Miiller, Thornton, and Willix, J., 1959, 1218. 

 Biichi, Wittenau, and White, J. Amer. Chem. Soc., 1959, 81, 1968. 

™ Turner and Garner, J. Amer. Chem. Soc., 1958, 80, 1424. 


18 Turner, Meador, and Winkler, J]. Amer. Chem. Soc., 1957, 79, 4122. 
* Wittig and Schéllkopf, Chem. Ber., 1954, 87, 1318. 
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triphenylphosphinylmethylene gave 1-methylene-4-t-butylcyclohexane in 45% yield. It 
had the expected infrared spectrum with bands at 3082, 1375, and 890 cm.-! attributable 
to the methylene group. 


EXPERIMENTAL 


Unless otherwise stated infrared spectra were taken in carbon disulphide solution and 
alumina for chromatography had activity III. Light petroleum had b. p. 40—60°. 

trans- and cis-1-Methyl-4-t-butylcyclohexanol.—Methylmagnesium iodide (from magnesium, 
11 g.) in dry ether was treated during 1 hr. with 4-t-butylcyclohexanone (50 g.) in dry ether 
(150 c.c.) and the whole was then refluxed for 2hr. After acidification the product was isolated 
with ether as a solid (45 g.), and a portion (2-6 g.) was chromatographed on alumina. Elution 
with light petroleum gave, after a trace of unchanged ketone, trans-1-methyl-4-t-butylcyclohexanol 
(IV) (0-62 g., 20%), m. p. 66—67° (from hexane) (Found: C, 77-65; H, 13-0. C,,H,.O requires 
C, 77-6; H, 130%). Further elution of the column with light petroleum-ether (99: 1) gave 
cis-1-methy]-4-t-butylcyclohexanol (II) (1-40 g., 44%), m. p. 89—90° (from light petroleum), 
The latter alcohol was hygroscopic and satisfactory analyses were not obtained; it was there- 
fore characterised as its 3,5-dinitrobenzoate (plates from ether-light petroleum), m. p. 156-5— 
157° (Found: C, 59-15; H, 6-6; N, 7-9. C,s.H,,N,O, requires C, 59-35; H, 6-65; N, 77%). 

trans-1-Methyl-4-t-butylcyclohexanol from  1-Methyl-4-t-butylcyclohex-1-ene.—1-Methy]l-4-t- 
butylcyclohexene (5-0 g.) (see below) was treated with mercuric acetate (10-6 g.) in water 
(200 c.c.), as described by Henbest and McElhinney ? for (+)-carvomenthene, and after anion- 
exchange gave the chloromercuric compound (2-8 g.), m. p. 126° [from light petroleum (b. p. 80— 
100°)}.. Reduction with hydrazine hydrate followed by sublimation gave the trans-alcohol 
(IV) (0-4 g.) shown to be identical with that obtained above by m. p. and infrared data. 

Infrared Spectra of the Tertiary Alcohols.—Spectra in the O-H stretching region were taken 
on a grating instrument for dilute carbon tetrachloride solutions (solvent redistilled from 
phosphorus pentoxide). We are indebted to Dr. J. K. Brown for these determinations. 

1-Methyl-4-t-butylcyclohexene.—A cooled solution of trans-1-methyl-4-t-butylcyclohexanol 
(3-5 g.) in dry pyridine (25 c.c.) was treated with phosphorus oxychloride (5 c.c.) and set aside at 
20° for 12 hr. After addition of water the product was isolated with ether. Distillation gave 
the olefin (2-4 g.), b. p. 74—75°/11 mm., m,"* 1-4626, vnax 2990 and 805 cm. (trisubstituted 
olefinic linkage) (Found: C, 86-7; H, 13-3. C,,Hy9 requires C, 86-75; H, 13-25%). 

Dehydration of cis-1-Methyl-4-t-butylcyclohexanol.—To the cis-alcohol (II) (4:3 g.) in dry 
pyridine (10 c.c.) was added phosphorus oxychloride (5 c.c.) at 0°. After 12 hr. at 20° the 
product was isolatd as an oil, b. p. 70—71°/7 mm. (3-4 g., 90%). The infrared spectrum was 
that of 1-methyl-4-t-butylcyclohexene containing ca. 8% of 1-methylene-4-t-butylcyclohexane 
estimated by the intensity of the band at 892 cm.“? (CH,=CZ). 

Competitive Dehydrations.—(a) The cis-alcohol (II) (150 mg.) in dry pyridine (2 c.c.) was 
treated at 0° with phosphorus oxychloride (6 mol.). After 25 min. at 20° the mixture was 
decomposed with ice-water, and the product was isolated with ether as an oil (91 mg). 
Adsorption on alumina and elution with light petroleum gave a hydrocarbon mixture (34 mg.); 
further elution with light petroleum-ether (1 : 1) gave unchanged cis-alcohol (II) (40 mg.). 

(b) In a similar experiment the trans-alcohol (IV) (148 mg.) gave 1-methyl-4-t-butylcyclo- 
hexene (75 mg.) and nnchanged trans-alcohol (IV) (11 mg.). 

1-Methylene-4-t-butylcyclohexane.—A cooled solution of butyl-lithium (7-4 g.) in dry ether 
was added to dry finely powdered methyltriphenylphosphonium bromide ™ (41-7 g.) under 
nitrogen. After 2 hours’ shaking the red-brown solution was cooled to 0° and 4-t-butylcyclo- 
hexanone (6 g.) in dry ether (50c.c.) was added. A white precipitate was formed. The mixture 
was shaken for 1 hr., and then heated under reflux for a further 2 hr. Ether was distilled off 
and replaced by tetrahydrofuran, and heating under reflux was continued for 7 hr. The cooled 
solution was diluted with water and the product was isolated with ether. After evaporation of 
the ether the residue was chromatographed on alumina (activity I). Elution with light 
petroleum followed by distillation gave the hydrocarbon (2-6 g., 44%), b. p. 73—80°/18 mm., ,™ 
1-4630 (Found: C, 86-9; H, 13-45. C,,Hy9 requires C, 86-75; H, 13-25%). Further elution of 
the column with light petroleum-benzene (4:1) afforded unchanged 4-t-butylcyclohexanone 
(1-0 g.). 

Stability of 1-Methylene-4-t-butylcyclohexane.—To the hydrocarbon (94 mg.) in dry pyridine 
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(0-5 c.c.) was added phosphorus oxychloride (0-5 c.c.) and hydrochloric acid (1 drop). After 
10 hr. at 20° the product (87 mg.) was isolated as before; its infrared spectrum showed it to be 
unchanged starting material. 





We thank Professor M. Stacey, F.R.S., for encouragement. One of us (B. C.) thanks the 
D.S.1.R. for a maintenance grant. 
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774. Conformationally Fixed Olefins. Part II. The Reaction of 
1-Methylene-4-t-butylcyclohexane with Lead Tetra-acetate. 


By B. Cross and G. H. WHITHAM. 


1-Methylene-4-t-butylcyclohexane with lead tetra-acetate in benzene gives 
a mixture of the enol-acetate (II) of 1-formyl-4-t-butylcyclohexane and the 
stereoisomeric diacetates (IV) of 1-hydroxymethyl-4-t-butylcyclohexanol. 


In a preliminary screening of reagents which might effect allylic substitution, without 
rearrangement, of the conformationally homogeneous 1-methylene-4-t-butylcyclohexane 4 
(I) the reaction with lead tetra-acetate® was investigated. This, although failing to 
produce the desired substitution, gave results of sufficient interest to warrant further . 
study. 

a (I) reacted smoothly with lead tetra-acetate in benzene and lead di- 
acetate was precipitated. The product, a colourless oil, was obviously a mixture. It 
had infrared bands at 1748 and 1245 (normal acetate) with an additional band in the 
carbonyl region at 1775 cm.. Distillation of the crude product gave material having 
bands at 1775 and 1203 cm. but not at 1748 and 1245 cm.+. The 1775 and 1203 cm.*+ 
bands are characteristic of vinyl acetates and indicated the structure (II) for this substance, 
which was confirmed by an acetoxy] determination and by acid-hydrolysis to the aldehyde 
(III), identified through its 2,4-dinitrophenylhydrazone with material prepared by a 
Grignard reaction from 4-t-butylcyclohexyl bromide* and ethyl orthoformate. The 
aldehyde is assigned the trans-configuration shown since it is obtained under conditions 
leading to the more stable form. 


Oo o- OS. on pm 


CH-OAc CH, OAc 
(I) (II) (III) (IV) Me (VI) 


Hydrolysis of the crude lead tetra-acetate product with methanolic potassium 
hydroxide, followed by chromatography of the neutral fraction on alumina, afforded two 
crystalline substances, one, which predominated, of m. p. 125°, and the other of m. p. 100°. 
These were the stereoisomeric glycols (V) since each rapidly consumed one mol. of sodium 
metaperiodate to give 4-t-butylcyclohexanone. Their configuration is discussed below; 
they are considered to have been derived from their acetates (IV) present in the original 
reaction product and responsible for the normal acetate bands in the infrared spectrum. 

A new solid material, C..H,,O,, was obtained by hydrolysis of the crude lead tetra- 
acetate product with aqueous hydrochloric acid; on treatment with acidic 2,4-dinitro- 
phenylhydrazine it gave the derivative of the aldehyde (III). It is thus the cyclic acetal 

? Part I, preceding pa 


per. 
8 Criegee, Angew. Chem., 1958, 70, 173. 
* Eliel and Haber, /. Org. Chem., 1959, 24, 143. 
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derived from the aldehyde (III) and glycol (V), a structure which was confirmed by form. 
ation of the substance on treatment of a mixture of aldehyde (III) and the isomer, m. p, 
125°, of glycol (V) with dilute hydrochloric acid. Acetal corresponding to the minor 
isomer of glycol (V) was not isolated. 

The major primary products of the reaction of hydrocarbon (I) with lead tetra-acetate 
in benzene are thus the enol-acetate (II) and the two stereoisomeric diacetates (IV). The 
formation of diacetate by addition of two acetate residues across a double bond has ample 
precedent in lead tetra-acetate reactions and is readily rationalised by Criegee’s mechanism? 
of decomposition of an intermediate (VI) formed by Markownikow addition of lead tetra- 
acetate to the double bond. That addition in this sense might be expected is shown by 
recent results on the addition of mercuric acetate to methylenecyclohexane.* 

Formation of the enol-acetate (II) is, however, difficult to rationalise in terms of inter- 
mediate (VI); addition of the equivalent of acetoxyl cation or acetoxy] radical to the 
exocyclic carbon atom could be followed by proton (or hydrogen) abstraction to give the 
enol-acetate. The following observations favour a radical mechanism. (a) Reaction of 
hydrocarbon (I) with lead tetra-acetate in glacial acetic acid, which would be expected to 
favour a polar mechanism, led solely to a diacetate mixture (IV) giving on hydrolysis the 
same proportion of glycol isomers (V) as before. (b) When the reaction of hydrocarbon (I) 
with lead tetra-acetate in benzene was carried out in the presence of iodine, as radical 
scavenger,® the formation of enol-acetate (II) was completely inhibited.* A radical chain 
mechanism of the type shown is thus compatible with these observations. 


Pb(OAc)4 —> 2AcO- + Pb(OAc), 
y 


C+ AG -} Y“ A 
H H CH-0. Cc 


tam, 
Y + Pb(OAc), —> Y + Pb(OAc), + AcOH + AcO- 


CHy-OAc CH: OAc 


Although acetoxyl radicals are usually considered to decompose spontaneously into 
carbon dioxide and methyl radicals,6 examples of reactions which probably involve 
acetoxyl radicals as such have been recently described.” 

Previous instances of the formation of enol acetates from olefins and lead tetra-acetate 
have involved rearrangement of the carbon skeleton of the olefin, e.g., production of the 
enol-acetate of homocamphenilone from camphene.® Here the products are explicable 
in terms of intermediates of type (VI).? 

Initial attempts to establish the stereochemistry of the two glycols (V) involved selective 
acetylation of the primary hydroxyl group followed by competitive dehydrations of the 
tertiary alcohols by phosphorus oxychloride in pyridine. In this way the monoacetate 
derived from the glycol of m. p. 125° was dehydrated more rapidly than that from the 
glycol of m. p. 100° [each gives the product with an endocyclic double bond, as shown by 
the absence of bands attributable to the enol-acetate (II) in the infrared spectrum of the 
product]. The tentative assignment of configuration was thus (IX) (axial tertiary OH) 
for the glycol of m. p. 125° and (VIII) for the other. This assignment was, however, 
suspect on two counts: first, the rates of dehydration of the two corresponding tertiary 
alcohols (X) and (XI) do not differ very greatly } and could readily be swayed by a different 


* The enol-acetate was shown to be stable to these conditions. 


* Robson and Wright, Canad. ]. Chem., 1960, 38, 21. 

5 Hammond and Sofer, J. Amer. Chem. Soc., 1950, 72, 4711. 

® Walling, ‘“‘ Free Radicals in Sotution,”” John Wiley and Sons Inc., New York, 1957, p. 493; 
Rembaum and Szwarc, J. Amer. Chem. Soc., 1955, '77, 3486. 

? Shine and Slagle, J]. Amer. Chem. Soc., 1959, 81, 6309; Smith and Gilde, ibid., 1959, 81, 5325. 

8 Hiickel, Chem. Ber., 1947, 80, 41. . 
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degree of acetate participation in the primary acetates. Secondly, the infrared spectrum 
(in carbon disulphide) of the monoacetate of the glycol of m. p. 125° resembled that of the 
alcohol (X) in the region 1100—800 cm.. Unambiguous correlation between one of the 
glycols (V) and the corresponding tertiary alcohol (X or XI) of known stereochemistry 
was thus sought. The glycol of m. p. 125° gave with toluene-p-sulphonyl chloride in 
pyridine the corresponding monoprimary toluene-p-sulphonate which on reduction with 


(VIII) CH2:OH (IX) OH (X) Me (XI) OH 


lithium aluminium hydride gave the tertiary alcohol (X). The glycol of m. p. 125° is 
therefore cis-1-hydroxymethyl-4-t-butylcyclohexanol (cis-But/CH,°OH) (VIII), and the 
glycol of m. p. 100° is the évans-glycol (IX). 

If one allows that the glycol acetates are produced from an intermediate of type (VI), 
the stereochemistry is already determined at this stage. If it is assumed that the inter- 
mediates (VI) are produced via a bridged ion of the type postulated in the acetoxymercur- 
ation of olefins ® the above stereochemical results can be rationalised by invoking the 
initial formation of the bridged ions (XII) and (XIII) followed by trans-Markownikow 
addition of acetoxyl anion. In this way, the ion (XIII) would lead to glycol (VIII), and 
the ion (XII) to glycol (IX). The relative proportion (4: 1) of the glycol (VIII) to glycol 


(Xi) (AcO),Pb=S (XII) 


(IX) should reflect the ratio of ion (XIII) to ion (XII), the forward reaction from the 
bridged ion being assumed to be faster than any reversal from it. On this basis, therefore, 
a preference for attack on the methylene hydrocarbon (I) from the side cis to the t-butyl 
group is postulated in the case of reagents which add via a three-membered bridged inter- 
mediate. A similar preference for attack from this side has also been found in the epoxid- 
ation of 1-methylene-4-t-butylcyclohexane.” 


EXPERIMENTAL 


Infrared spectra refer to CCl, solutions unless otherwise stated. Other details as in Part I.1 

Reaction of 1-Methylene-4-t-butylcyclohexane with Lead Tetra-acetate in Benzene.—Lead tetra- 
acetate (8-8 g.) was added to 1-methylene-4-t-butylcyclohexane (2-0 g.) in dry benzene (200 c.c.), 
and the solution was heated under reflux during 3 hr. After filtration of the precipitated lead 
diacetate the solution was washed with water, dried, and evaporated, giving the crude product 
as a colourless oil (3-1 g.). 

Distillation of crude product (2-5 g.) gave the following fractions: (i) (0-5 g.) b. p. 22— 
25°/0-1 mm., unchanged methyl hydrocarbon; (ii) (0-2 g.) b. p. 52—54°/0-1 mm., vinax, 1740 cm. 
(? unsaturated acetate), not further investigated; (iii) (0-4 g.), b. p. 154—157°/0-1 mm., vVinax, 
1775 and 1740 cm.*; (iv) (0-5 g.) b. p. 159°/0-1 mm., vax, 1775 and 1200 cm.7. Redistillation 
of fraction (iv) gave the enol-acetate of 1-formyl-4-t-butylcyclohexane (Found: Ac, 22-3. 
C,3H,,O, requires Ac, 20-4%). 

The enol-acetate (100 mg.) was heated under reflux with aqueous-methanolic 2N-hydro- 
chloric acid (20 c.c.) during 2 hr. After steam-distillation the distillate was extracted with 
ether and evaporation of the dried extract gave a colourless oil (28 mg.), Vmax, 2720 and 1740 cm.*! 
(CHO). The 2,4-dinitrophenylhydrazone, formed in the usual way, had m. p. 170—171°, 
undepressed on admixture with authentic 2,4-dinitrophenylhydrazone of 1-formyl-4-t-butyl- 
cyclohexane. 


om Lucas, Hepner, and Winstein, J. Amer. Chem. Soc., 1939, 61, 3102; Henbest and Nicholls, /., 
, 227. 


© Cross and Whitham, unpublished results. 
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1-Formyl-4-t-butylcyclohexane.—The Grignard reagent prepared from 1-bromo-4-t-butyl- 
cyclohexane * (22 g.) and magnesium (2-5 g.) in ether (75 c.c.) was treated with ethyl 
orthoformate (16 c.c.) in dry ether (100 c.c.) and heated under reflux during 7 hr. After 
decomposition of the Grignard complex with dilute acid the product was isolated with ether and 
was heated under reflux with aqueous-methanolic 7N-hydrochloric acid during 2 hr. The 
product, isolated with ether, was distilled, giving fractions (i) (5-2 g.), b. p. 25—30°/0-1 mm,, 
n,* 1-4507, presumaly t-butylcyclohexenes, and (ii) (4:8 g.) the aldehyde (III), b. p. 58~— 
60°/0-1 mm., ”,” 1-4613 (Found: C, 78-75; H, 12-15. C,,H 90 requires C, 78-5; H, 12-0%) 
[2,4-dinitrophenylhydrazone, m. p. 169—170° (from ethanol) (Found: C, 58-95; H, 6-9; N, 15:8, 
Cy,7H.4N,O, requires C, 58-6; H, 6-95; N, 16-1%)]. 

cis- and trans-1-Hydroxymethyl-4-t-butylcyclohexanol (VIII) and (IX).—Crude product (3-1 g.) 
from the reaction of hydrocarbon (I) with lead tetra-acetate was hydrolysed with aqueous- 
methanolic potassium hydroxide at 20° during 24 hr. After distillation of methanol the product 
was isolated by ether-extraction as a solid (1-8 g.) which was chromatographed in light petroleum 
on alumina. Elution with light petroleum gave unchanged hydrocarbon (I) (0-18 g.); elution 
with benzene-ether (85:15) gave trans-l-hydroxymethyl-4-t-butylcyclohexanol (0-25 g.), plates 
(from carbon tetrachloride), m. p. 100-5° (Found: C, 70-95; H, 11-95. C,,H,.O, requires C, 
70-9; H, 11-9%). Further elution with benzene-ether (4:1) gave cis-l-hydroxymethyl-4-t- 
butylcyclohexanol (0-75 g.), feathery crystals (from carbon tetrachloride), m. p. 125° (Found: C, 
71-0; H, 11-9%). Elution with ether—methanol (1: 1) gave a solid (12 mg.), having m. p. 360° 
after crystallisation from light petroleum: this was not further investigated. Each of the 
glycols consumed one mol. of sodium metaperiodate and gave 4-t-butylcyclohexanone (identified 
by m. p. and mixed m. p.). 

8-t-Butyl-2-(4-t-butylcyclohexyl)-1,3-dioxaspiro[4,5|decane.—(a) Crude product (1-26 g.) from 
the reaction of hydrocarbon (I) and lead tetra-acetate was heated under reflux with 2n- 
methanolic hydrochloric acid during 4 hr. The product (0-72 g.) was isolated with ether and 
chromatographed on alumina. Elution with light petroleum gave the acetal (0-45 g.), m. p. 
160—164° (from ethanol) raised on recrystallisation to 166—167° undepressed on admixture 
with a sample prepared as under (6). With 2,4-dinitrophenylhydrazine sulphate in methanol 
the acetal gave the 2,4-dinitrophenylhydrazone, m. p. 170—171°, of 1-formyl-4-t-butylcyclo- 
hexane. Further elution of the column with light petroleum—benzene gave 1-formy]-4-t-butyl- 
cyclohexane (64 mg.), identified as its 2,4-dinitrophenylhydrazone. 

(b) cis-1-Hydroxymethyl-4-t-butylcyclohexanol (69 mg.) and 1-formyl]-4-t-butylcyclohexane 
(70 mg.) were heated under reflux with 3N-methanolic hydrochloric acid during 3 hr. The 
product, isolated with ether, was chromatographed on alumina. Elution with light petroleum 
followed by crystallisation from ethanol gave the acetal, m. p. 165—166° (Found: C, 78-45; H, 
11:8. C,,H,O, requires C, 78-5; H, 12-0%). 

Reaction of Lead Tetra-acetate with 1-Methylene-4-t-butylcyclohexane in Acetic Acid.—Hydro- 
carbon (I) (250 mg.) and lead tetra-acetate (760 mg.) in glacial acetic acid (60 c.c.) were heated 
under reflux during 2 hr. The product, isolated with chloroform, had an infrared spectrum 
showing negligible absorption in the 1775 cm. region. After hydrolysis with aqueous- 
methanolic potassium hydroxide at 20° during 12 hr. the neutral fraction was isolated with 
ether. Evaporation of the ether extract gave a solid residue (140 mg.) which was chromato- 
graphed in light petroleum on alumina. Elution with light petroleum gave an oil (14 mg.); 
elution with benzene-ether (1:9) gave tvans-1-hydroxymethyl-4-t-butylcyclohexanol (20 
mg.), m. p. 97—98°, and further elution with ether gave the cis-glycol (VIII) (85 mg.), m. p. 
123—124°. 

Inhibition by Iodine.—Hydrocarbon (I) (107 mg.), lead tetra-acetate (460 mg.), and iodine 
(300 mg.) were heated under reflux in dry benzene during 5 hr. After being washed with 
aqueous sodium thiosulphate and water the solution was dried and evaporated, giving the 
product as an oil. The infrared spectrum showed no band in the 1775 region; a strong band 
at 1740 cm. (normal acetate) was present. 

cis- and trans-1-Acetoxymethyl-4-t-butylcyclohexanol_—The cis-glycol (VIII) (66 mg.) in 
acetic anhydride (3 c.c.) containing a trace of pyridine was set aside at 20° for 16 hr. After 
addition of water the product was filtered off and chromatographed on alumina. Elution with 
benzene gave the cis-acetate (75 mg.), m. p. 79—80° (from light petroleum) (Found: C, 68-7; 
H, 10-65. C,;H,,O, requires C, 68-4; H, 10-5%), Vmax. 3590 (OH), 1748, 1239 (OAc), and 
1375 cm.“ (Bu'). 
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In a similar way the ¢rans-glycol (IX) (61 mg.) gave the ¢rans-acetate (71 mg.), m. p. 54— 
55°5° (from light petroleum). : 

Dehydration of cis- and trans-1-A cetoxymethyl-4-t-butylcyclohexanol.—Phosphorus oxychloride 
(0-05 c.c.) was added to the cooled solution of the monoacetate in pyridine (1 c.c.). After 
30 min. at 20°, water was added, and the product was isolated with ether and introduced on a 
short column of alumina. Elution with light petroleum—benzene (9:1 and 4:1) gave the 
dehydration product, which from its infrared spectrum was probably 1-acetoxymethyl-4-t- 
butylcyclohexene. Further elution with benzene gave the unchanged monoacetate. Results 
are tabulated. 


Dehydration Unchanged Dehydrated 

Monoacetate (mg.) product (mg.) monoacetate (mg.) Unchanged 
GEE ccvccscccescssscesess 20-4 10-3 5-2 1-98 
BEE saxtbsntbotsntracdios 15-6 8-2 6-0 1-40 
RR re 16-1 4-2 10-0 0-42 
eee 16-0 4-5 11-3 0-40 


Conversion of cis-1-Hydvroxymethyl-4-t-butylcyclohexanol into cis-1-Methyl-4-t-butylcyclo- 
hexanol.—The cis-glycol (50 mg.) and toluene-p-sulphonyl chloride (53 mg.) in dry pyridine 
(1 c.c.) were set aside at 20° for 48 hr. Ice was added and after 30 min. at 0° the product was 
isolated with ether as a solid, vax, 3570 (OH) and 1181 and 1193 cm. (toluene-p-sulphonate). 
The crude toluene-p-sulphonate was dissolved in dry ether (15 c.c.), and lithium aluminium 
hydride (100 mg.) was added. After 1 hour’s heating under reflux acid was added and the 
product was isolated with ether as a solid (43 mg.). After chromatography and crystallisation 
from light petroleum this had m. p. 90° alone or mixed with cis-1-methyl-4-t-butylcyclohexanol. 
The infrared spectra were identical. 


We thank Professor M. Stacey, F.R.S., for encouragement; one of us (B. C.) is indebted to 
the Department of Scientific and Industrial Research for a Maintenance Grant. 
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775. Chromones and Flavones. Part II.1_ Kostanecki—Robinson Acyl- 
ation of Some Iodo-derivatives of 2,4- and 2,6-Dihydroxyacetophenone. 


By M. V. SHAH and SuRESH SETHNA. 


Iodo-derivatives of 2,4- and 2,6-dihydroxyacetophenone have been sub- 
jected to Kostanecki—Robinson acetylation and benzoylation and the corre- 
sponding iodo-chromones and -flavones synthesised. 


No work on the Kostanecki-Robinson “ acylation ”’ of the iodo-derivatives of o-hydroxy- 
acetophenones has been reported so far. The present work deals with the reaction of 
some iodo-derivatives of 2,4- and 2,6-dihydroxyacetophenone with acetic and benzoic 
anhydride. The iodoacetophenones (Ia—c), on reaction with acetic anhydride and 
sodium acetate, followed by de-esterification with sulphuric acid, gave the corresponding 
3-acetylchromones (IIa—c). The di-iodochromone (IIc) in boiling acetic acid gave the 
monoiodochromone (IIb). The chromones (IIa and c) were also obtained on the iodination 
of 3-acetyl-7-hydroxy-2-methylchromone. The iodo-ketone (Ia), on reaction with benzoic 
anhydride and sodium benzoate, followed by de-esterification, gave the 3-benzoylflavone 
(IIIa), also obtained from 3-benzoyl-7-hydroxyflavone by iodination. The iodo-ketone 
(Ib) similarly gave the 3-benzoylflavone (IIIb), but the di-iodoketone (Ic) lost an iodine 
atom and gave the 3-benzoylflavone (IIIb). The di-iodoflavone was, however, obtained 
by the iodination of 3-benzoyl-7-hydroxyflavone. 

2,6-Dihydroxy-3,5-di-iodoacetophenone, obtained on iodination of 2,6-dihydroxy- 
acetophenone and correlated with the known 3,5-di-iodo-2,6-dimethoxyacetophenone, on 


1 Part I, Shah and Sethna, /., 1959, 2676. 
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similar treatment gave the corresponding 3-acyl-di-iodo-chromone and -flavone which 
were also obtained by the iodination of the 3-acyl-5-hydroxy-chromone and -flavone. 


R R R 
° ° 
HO OH HO ye HO Ph , a 
R’ Ac R’ Ac R’ Bz vine atta. 
ReH I 1 
O re) 
(I) 


(II) (III) 





Heating the 3-acyl-hydroxy-chromones and -flavones, except (Ila), with alkali gave 
impure products, and the methylated 3-acyl-chromones and -flavones gave phenolic 
ketones, either alone or with phenolic acids, instead of the de-acylated compounds (see 
Table 2). 7-Hydroxy-8-iodo- and -6,8-di-iodo-flavone and 5-hydroxy-6,8-di-iodoflavone 
have, however, been prepared by iodination of 7- and 5-hydroxyflavone. 


EXPERIMENTAL 


Kostanecki—Robinson “‘ Acetylations ’’ (see Table 1).—The iodo-ketone (1 g.) was heated with 
freshly fused sodium acetate (5 g.) and acetic anhydride (20,ml.) at 155—160° for 6 hr. The 
mixture was then added to cold water; the product crystallised from acetic acid (charcoal) in 
needles. 

Kostanecki-Robinson ‘‘ Benzoylations’’ (see Table 1).—The iodo-ketone (2 g.) was heated 
with freshly fused sodium benzoate (1 g.) and benzoic anhydride (20 g.) at 155—160° for 6 hr. 
The mixture was then treated repeatedly with hot water and sodium hydrogen carbonate; the 
residue crystallised from alcohol or the impure product was further treated with sulphuric 
acid as given below. Larger quantities of sodium benzoate lead to decomposition of the iodo- 
compounds. 

Higher reaction temperatures in the acylations lead to deeply coloured unworkable mass. 

Hydrolysis with Sulphuric Acid.—For removing the O-acyl group the acyloxy-chromones 
and -flavones were kept with the minimum quantity of concentrated sulphuric acid for 4 hr. 
(overnight in the case of flavones) at room temperature. The material obtained when the 
mixture was poured on ice crystallised from acetic acid. These products are listed in Table 2. 

Preparation of Methyl Ethers.—Acetone solutions of the compounds were refluxed with 
dimethyl sulphate in presence of anhydrous potassium carbonate. In the case of the 3-acetyl- 
iodochromones and the 3-benzoyliodoflavones benzene was used as the solvent as some decom- 
position was observed in acetone. Products are listed in Table 2. 

Alkaline Hydrolysis of 3-Acyl-chromones and -flavones.—3-Acetyl-7-hydroxy-8-iodo-2-methyl- 
chromone was de-acetylated to 7-hydroxy-8-iodo-2-methylchromone by 2% aqueous sodium 
carbonate on a steam-bath in } hr. In other cases the methylated 3-acetyl-iodochromones 
were hydrolysed with aqueous-alcoholic 5% sodium carbonate, and the methylated 3-benzoyl- 
iodoflavones with alcoholic 10% potassium hydroxide on a steam-bath in 2 hr. In all casesa 


TABLE 1. Reactions with (A) acetic anhydride and sodium acetate or (B) benzoic 
anhydride and sodium benzoate. 


Re- Product; Ac Found (%) Required (% 
Ketone action deriv. of M. p. Se o's Formula cc Hw 
Ia A Ila 190—191° 43-8 2-7 32-7 C,,H,,O,I 43-5 2-8 32-9 
tp, sadvepetesisepess m * — - —- — -— —_-_ —- - 
ID decbncsascagascens A Ilb 149 43-0 3-0 32-6 C,,H,,0,[ 43-5 2-8 32-9 
” B ° ——- Pap ea ar ee! — oe — 
Ic A Ilc 230—231 32-8 1-8 49-6 C,,H,,O,I, 32-8 2-0 496 
to B * — —_— — — —-_— = 
2,6,3,5- A 5-Acetoxy-3-acetyl- 175—176 32-4 2-1 49-8 C,,H,,O,I, 32-8 2-0 49-6 
(HO),C,HI,Ac 6,8-di-iodo-2- 
methylchromone 
- “a B_ 3-Benzoyl-5-benz- 235 49-6 2:0 36-9 C,.H,,O,I, 49-9 2-3 36-4 
oyloxy-6,8-di- 
iodoflavone 


* The O-benzoyl derivative of the flavone was not obtained pure; the crude product was treated 
directly with sulphuric acid to give the 3-benzoyl-hydroxyflavone (see Table 2). 
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Found (%) 


H I 

36-9 
27-0 
36-4 
26-6 
53-6 
54-6 


tm 09 to bo 69 bo 
to hOB DOe 


to 


42-8 


Formula 


C,H, 


c sali I 


C,,:H,O 
C,H 


CieH,Oyl, 


Part I. 


0,1 


41 
13041 


CysH,O,], 


C2H,,0,1, 


B. Methyl ethers of the products in section A. 


Formula 
C,3;H nO,l 
Ca3HsQ,1 
Cy3H,,O,1 
C.3H,,0,1 
C 13H 90,1, 
Cy3H 96 Ms I, 


[1960] 

TABLE 2. 
A. 

No. Product M. p.* Cc 
1 Ilat 240° 42-4 
2 Illa ft 246 56-0 
3 Ilb¢ 253—254 42-1 
4 Illb{ 303 56-0 
5 IIc 234 30-2 
6 3-Acetyl-5-hydroxy-6,8-di-iodo- 219 30-4 

2- methylchromone tT 
7 3- Benzoyl-5 5-hydroxy-6,8-di- 228 44-9 
iodoflavone f 
Found (%) 
No. M. p. Cc H I 
1 164° 43-1 2-6 35:1 
2 235—236 57-8 3-1 26-7 
3 177—178 43-2 2:8 35:8 
4 273—274 57-6 3-4 25-9 
5 210—211 32-1 2-4 52-8 
6 213—214 32-1 2-4 52-2 
7 198—199 45-6 2-4 41-4 


temperatures stated. 
acetic acid for 10 hr. 


No. 


10 
ll 


10 
ll 


phenolic iodo-ketone, alone or with phenolic iodo-acid was obtained. Variations in heating 


* Some of the compounds begin to decompose 15—20° below their m. p.s and melt finally at the 
¢ Also obtained by refluxing compound 5 in 


¢ Also obtained by iodination. 


C Hy,O4l, 


02 CO Ore OT 
Yesseae } 
LOR W AWS 


{| From the fourth and the sixth product of Table 1. 


TABLE 3. Jodinations. 


Compound 
5-Hydroxyflavone 
7-Hydroxyflavone 


3-Benzoyl-7-hydroxyflavone 
2,6-(HO),C,H,Ac 


M. p. 
246° 
210—211 
198—199 
238—239 
83—84 


Formula 
C,,H 100s! 2 


16H,,0, 
CroHOs l, 


C,,H 14 Oyly 
CoH esl 


* See first footnote of Table 2. 


.* ound Reqd. 
Product M. p.* Formula I (%) I (%) 
6,8-I, 252° C,,H,O,I, 51-4 51-8 
8-1 230 C,,Hy oO; I Hy O t 33-5 33-2 
6,8-I, 282—283 C,H, Oyle 52-1 51-8 
6,8-I, 208 C..H,,0,1, 43-2 42-8 
3,5-I, 133 C,H,0O,I, 62-4 62-9 
Methyl ethers of iodo-compounds 
Found (%) Required (%) 

co pies a | a . 

Cc H I Cc H I 
37-8 1-6 50-5 38-1 2-0 50-0 
50-5 2-9 33-8 50-8 2-9 33-6 
38-0 1-9 50-1 38-1 2-0 50-0 
45:8 2-6 41-6 45-4 2-3 41-8 
28-0 2-0 58-5 27:8 2:3 58:8 

t Decomp. in vacuo, 


Iodo-compounds 
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Compounds obtained from the products of Table 1 by the action of sulphuric acid. 


Required (%) 


Cc H I 
419 26 36-9 
564 28 27-1 
419 26 36-9 
56-4 28 27-1 
30-6 17 540 
30-6 17 540 
445 20 42-8 


Required (%) 


H I 

3-1 35-5 
3-1 26-3 
3-1 35-5 
31 26-3 
2-1 52-5 
2-1 52-5 
2-3 41:8 


time or concentration of alkali did not give the desired deacylated chromone or flavone. 


Hydrolysis of the Ethers Hydrolysis of the ethers listed in Tables 2B and 3 gave the follow- 


ing products (described in Part I: 


Nos. 6 and 8, 2-hydroxy-3,5-di-iodo-6-methoxyacetophenone. 


Iodinations (see Tables 2 and 3).—All the iodinations were carried out with iodine and iodic 


acid as in Part I. 


Nos. 2 and 9, 2-hydroxy-3-iodo-4-methoxy-acetophenone 
and -benzoic acid. Nos. 3 and 4, 2-hydroxy-5-iodo-4-methoxy-acetophenone and -benzoic 
acid Nos. 5, 9, and 10, 2-hydroxy-3,5-di-iodo-4-methoxy-acetophenone and -benzoic acid. 


One of us (M. V. S.) thanks the Government of India for the award of a research scholarship. 


CHEMISTRY DEPARTMENT, FACULTY OF SCIENCE, M.S. UNIVERSITY OF BARODA, 
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776. Amino-acids and Peptides. Part XV.* Racemisation 
during Peptide Synthesis. 


By N. A. Smart, G. T. Younc, and (in part) M. W. WILLIAMs. 


Although «-benzyloxycarbonylamino-acids normally do not racemise 
when they are condensed with amino-esters to form peptides, benzyloxy- 
carbonyldipeptides may do so when they are coupled by some of the proce- 
dures in current use, which therefore have limited applicability in peptide 
synthesis. The racemisation occurring when acetyl-L-leucine is condensed 
with glycine ethyl ester by various methods has now been studied. Coupling 
through the acid azide gave a product of high optical activity, from which no 
racemate could be isolated; some racemisation was observed when dicyclo- 
hexylcarbodi-imide was the condensing agent (with dichloromethane or 
tetrahydrofuran as solvent). The racemisation found with the use of diethyl 
phosphorochloridite or tetraethyl pyrophosphite varied considerably with 
the conditions. The carbonic mixed anhydride and the ‘‘ phosphorazo ”’ 
method caused extensive racemisation. Methods which have been postulated 
to involve activation of the amino-component may therefore result in 
racemisation in the carboxylic component. The use of amino-ester hydro- 
chloride with an equivalent of tertiary amine, in place of the free amino- 
ester, led to increased racemisation in several cases. 


FEw synthetic steps have received more attention in recent years than that in which the 
peptide bond is formed. Many of the newer methods afford high yields under mild 
conditions, but the preservation of optical activity has not always received sufficient study. 
Even slight racemisation at each step may, in lengthy syntheses, result in the formation 
of diastereoisomers in amounts sufficient to hinder crystallisation and to make purification 
troublesome. The problem has been obscured to some extent by the fact that benzyloxy- 
carbonylamino-acids remain active under conditions which rapidly racemise other 
acylamino-acids; Vaughan? showed in 1952 that coupling through the carbonic mixed 
anhydride of a benzyloxycarbonyldipeptide can result in partial or complete racemisation, 
in procedures which give fully active material from benzyloxycarbonylamino-acids. This 
can be correlated with the inability of the latter derivatives (under normal conditions) to 
form azlactones, which are well known to racemise readily ? (it is not implied that racemis- 
ation proceeds only by this route); when benzyloxycarbonylamino-acid chlorides cyclise, 
it is to form N-carboxyamino-acid anhydrides, not azlactones.f Shortly after Vaughan’s 
publication, similar examinations of the methods using phosphorochloridous esters * and 
tetraethyl pyrophosphite,® and of the sulphuric mixed anhydride procedure,® were reported; 
in each case it was found that racemisation could occur under certain conditions when 
benzyloxycarbonyldipeptides were coupled further, although procedures were described 
by which, in the reactions studied, racemisation was avoided. It is of course possible to 
plan syntheses so that benzyloxycarbonylamino-acids are used at each coupling, lengthening 
the chain from the amino-end at every stage, as in Bodanszky and du Vigneaud’s synthesis 

* Part XIV, J., 1959, 3868. 

+ The validity of the statement by Schwarz and Bumpus ? that “ no racemisation is observed when 


an acylamino-acid is employed ”’ (as the carboxyl component in coupling) is limited, as the present 
paper shows. 


1 Vaughan, J. Amer. Chem. Soc., 1952, 74, 6137; Vaughan and Eichler, ibid., 1953, 75, 5556. 

* Cornforth, in ‘‘ The Chemistry of Penicillin,’”’ Princeton Univ. Press, 1949, p. 742. 

% Schwarz and Bumpus, J. Amer. Chem. Soc., 1959, 81, 890. 

* (a) Anderson, Blodinger, R. W. Young, and Welcher, J. Amer. Chem. Soc., 1952, 74, 5304; 
Anderson and R. W. Young, ibid., 1952, '74, 5307; (b) R. W. Young, Wood, Joyce, and Anderson, ibid., 
1956, 78, 2126. 

5 Anderson, Blodinger, and Welcher, ]. Amer. Chem. Soc., 1952, 74, 5309. 

* (a) Kenner and Stedman, J., 1952, 2069; (b) Clayton, Farrington, Kenner, and Turner, J., 1957, 
1398. . 
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of oxytocin.’ But greater operational flexibility is obviously desirable, and a study of the 
general applicability of methods of coupling was begun by North and Young in 1954, .and 
continued by the present authors. The early conclusions have been briefly reported,® and 
others have been summarised recently ; ® detailed results are now presented on the condens- 
ation of acetyl-t-leucine with glycine ethyl ester. The Table summarises our results. 
In many cases, racemic or largely racemic material crystallised from the reaction product, 
and its identity was confirmed by melting point (120—120-5°; L-isomer, 100—101°) and 
mixed melting point, and by the infrared absorption spectrum (of a suspension in liquid 
paraffin), which differs from that of the L-isomer in having a peak at 1681cm.*. Our main 
purpose was then to establish that racemisation had occurred. Estimation of the propor- 
tion of L-peptide in the total product is complicated by the fact that later fractions were 
usually syrups, but in the Table a very rough distinction is made between experiments 
according to the amount of racemate formed. These conclusions are based on the 


Method Conditions * Solvent Product 

1 Acid azide a Ether a 

2 (i) Carbodi-imide a Dichloromethane at 

(ii) se a Tetrahydrofuran at 
(iii) ” b ” Pp 
(iv) és a Dimethylformamide p 
(v) ee a Aq. tetrahydrofuran p 

3 (i) Et, phosphorochloridite Anhydride procedure; a Toluene af 
(ii) ” ” ” ” b ” Pp 
(iii) ” ” ” ” c ” B 
(iv) ie - Amide procedure; @ Ether, toluene p 
4 (i) Et, pyrophosphite Anhydride procedure; a Et, phosphite p 
(ii) ” ” ” b ” p 
(iii) oa Amide procedure; a a p 
(iv) ” ” ” b ” ” B 
(v) ” ” ” d ” ” a 
(vi) ” e ” Y 
(vii) “ e Pyridine p 
5 (i) Carbonic mixed anhydride b Tetrahydrofuran Y 
(ii) - 0° b Chloroform y 
(iii) - + a Tetrahydrofuran B 
(iv) ' ” f ” B 
6 (i) Phosphorazo ¢ 100°; b Pyridine Y 
(ii) = Room temp.; 6 - Y 


* Conditions: a, Distilled glycine ethyl ester used. 6, Ester hydrochloride with triethylamine. 
c, Distilled ester with triethylamine. d, An equivalent each of distilled ester and of ester hydro- 
chloride. e, Ester hydrochloride only. f, Ester previously liberated from the hydrochloride by 
triethylamine in chloroform. In the anhydride procedure the phosphite reagent reacts with the 
tertiary amine salt of the carboxylic acid before addition of the amino-component; in the amide 
procedure the phosphite reagent reacts with the amino-compound before addition of the carboxylic 
acid. 

Product: a, Less than 30% of racemate. f£, 30—70% of racemate. y, At least 70% of racemate. 
p, Contains racemate, but the high proportion of syrup prevents assignment to categories a, B, or y. 

+ Some crystalline racemic (or largely racemic) peptide was isolated. 

t For a discussion see Goldschmidt and Krauss, Annalen, 1955, 595, 193. 


composition of solid fractions for which proof of chemical identity is available, from 
melting point, nitrogen analysis, and infrared absorption spectrum. From the specific 
rotation, the proportion of optical isomers in these fractions was calculated, and it was then 
confirmed by the optical rotation of the solution obtained on acid-hydrolysis. Where 
the high proportion of syrupy product prevented assignment to these categories but 
there was clear evidence (from the solid fractions) of racemisation, the symbol p is used; 
in such cases, a useful conclusion concerning the minimum degree of racemisation can be 


7 Bodanszky and du Vigneaud, Nature, 1959, 188, 1324; J. Amer. Chem. Soc., 1959, 81, 5688. 

® North and G. T. Young, Chem. and Ind., 1955, 1597; North, Smart, and G. T. Young, Abs. Proc. 
19th Internat. Congr. Pure Appl. Chem., Paris, 1957, II, p. 238. 

* G. T. Young, Proc. Symposium on Methods of Peptide Synthesis, Prague, 1958 (Coll. Czech. 
Chem. Comm., 1959, 24, Special issue, p. 39). 
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drawn from the weight of racemate in the solid fractions. No assumptions have been 
made regarding the composition of syrupy material. For reference, acetyl-1-leucyl- 
glycine ethyl ester was synthesised by a route which should not permit racemisation: 
benzyloxycarbonyl-L-leucine methyl ester was converted into the hydrazide, and the azide 
obtained therefrom was condensed with glycine ethyl ester; hydrogenation followed by 
acetylation yielded acetyl-L-leucylglycine ethyl ester. It may be noted here that the 
acetyl-L-leucine used by Karrer, Escher, and Widmer ” for the preparation of the methyl] 
ester was low in optical rotation, and we give constants for authentic acetyl-L-leucine 
methylester. The same fully active ester was obtained by Brenner and Huber’s method? 
in which the acid is added to the product of the reaction of thionyl chloride with methanol 
at —10°. 

No racemate was isolated from the peptide formed through the acid azide,” and the 
solid fraction alone (of one experiment) contained L-isomer corresponding to 86°, of the 
total product. We are not aware of any report of racemisation by this route, which has 
lately been used with advantage in, for example, the synthesis of a decapeptide related to 
gramicidin-S where each acylpeptide was coupled in this way, and all but one of the fifteen 
intermediates were crystalline. In spite of occasional difficulties (e.g., formation of the 
amide and the urea as by-products") this old route remains important for the junc- 
tion of large peptides. 

The use of dicyclohexylcarbodi-imide ® in dichloromethane or anhydrous tetrahydro- 
furan, with free glycine ethyl ester, gave chiefly L-peptide, but presence of racemate was 
confirmed by recrystallisation of the first fractions, and there was clear evidence of 
racemisation when dimethylformamide or aqueous tetrahydrofuran was the solvent. 
The possibility that racemisation occurs when this method is used to couple benzyloxy- 
carbonylpeptides has since been reported by Anderson and Callaghan '® (using dichloro- 
methane or tetrahydrofuran as solvent), and by Schwarz and Bumpus ® (using dimethyl- 
formamide or tetrahydrofuran as solvent) who, by fractional crystallisation, isolated the 
diastereoisomer formed by racemisation at the acylating residue. Some N-acetyl-1- 
leucyl-NN’-dicyclohexylurea (identified by synthesis) was isolated in our experiments 
with dimethylformamide as the solvent. It is particularly remarkable that the synthesis 
of the acylurea, from acetyl-L-leucine and dicyclohexylcarbodi-imide in boiling pyridine, 
gave fully active material, since under these conditions any acid anhydride formed would 
surely be racemised. 

In discussing the phosphite reagents, it is convenient to consider first those experiments 
in which free glycine ethyl ester was used. Diethyl phosphorochloridite “ in the 
“ anhydride ” procedure [3 (i)] gave some racemate, but the optical activity of the fractions 
was high. No racemate was isolated from the product of the “ amide procedure ”’ [3 (iv)] 
although the properties of the solid fractions indicated its presence. Tetraethyl pyro- 
phosphite, both in the “ anhydride ”’ [4 (i)] and the “ amide” [4 (iii)] procedure, gave 
products containing racemate. It is a common and convenient practice in peptide 
synthesis to use the hydrochloride of the amino-ester, or dipeptide ester, with the equivalent 
of tertiary amine, in place of the free amino-compound, and in several methods of coupling 
this is the normal procedure. Anderson and his co-workers found, however, that with 
phosphite reagents this technique resulted in some racemisation, and they concluded ® 
that “no racemisation is observed in using dipeptide acids in the absence of hydrogen 
chloride, as in pyrophosphite reactions or with chlorophosphites when triethylamine in 


10 Karrer, Escher, and Widmer, Helv. Chim. Acta, 1926, 9, 301. 

11 Brenner and Huber, Helv. Chim. Acta, 1953, 36, 1109. 

12 Curtius, Ber., 1902, 35, 3226. 

18 Erlanger, Curran, and Kokowsky, J]. Amer. Chem. Soc., 1959, 81, 3051. 

14 Cf., e.g., Prelog and Wieland, Helv. Chim. Acta, 1946, 29, 1128; Hinman, Caron, and Christensen, 
J. Amer. Chem. Soc., 1950, '72, 1620. 
18 Sheehan and Hess, J. Amer. Chem. Soc., 1955, 77, 1067. 
16 Anderson and Callahan, ibid., 1958, 80, 2902. . 
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inert solvents like benzene and toluene is used. In these solvents, the acid is effectively 
removed from the solution.”” The racemisation which they found 5 when using tetraethyl 
pyrophosphite in the ‘‘ anhydride procedure,” in the absence of chloride, is an exception 
to this generalisation, but we also have noted lower optical activity in the products of such 
condensations, when glycine ethyl ester hydrochloride with triethylamine replaced glycine 
ethyl ester [compare 3 (i) with 3 (ii), in which at least 50% of racemate was found in the 
products of the third experiment and nearly complete racemisation resulted in one case, when 
glycine ester hydrochloride was used alone, without tertiary base [4 (vi)]. A similar 
effect when ethoxyacetylene was the condensing agent has recently been reported.1?7_ On 
the other hand, the presence of ester hydrochloride in addition to free ester, in the tetraethyl 
pyrophosphite procedure, gave a high proportion of L-peptide [4 (v)]. Further investigation 
is clearly required, but we draw attention here to another aspect. Glycine ethyl ester 
hydrochloride and triethylamine hydrochloride are only slightly soluble in diethyl phos- 
phite, and insoluble in toluene; the liberation of free ester by triethylamine may therefore 
be incomplete, and the excess of tertiary amine will be expected to favour racemisation 
[compare 3 (i) and 3 (iii)]._ A similar advantage in the use of free ester was observed with 
the carbodi-imide and mixed carbonic anhydride methods [compare 2 (ii) with 2 (iii), 
and 5 (iii) with 5 (i)]._ The practical difficulty is that solvents sufficiently polar to dissolve 
hydrochlorides of amino-esters or peptide esters are usually undesirable solvents for the 
coupling reaction; this can be overcome by liberating the free ester in a more powerful 
solvent such as chloroform, which is then removed and replaced by the chosen reaction 
medium [cf. 5 (iv)]. 

Recently it was recommended #8 that pyridine should replace diethyl phosphite as the 
solvent for condensations using tetraethyl pyrophosphite. The modification [4 (vii)] 
caused considerable racemisation in this reaction. 

The use of the carbonic mixed anhydride ! with ester hydrochloride led to extensive 
racemisation when tetrahydrofuran or chloroform was the solvent; the use of the free 
ester in tetrahydrofuran [5 (iii)] gave products of higher activity. A recent example of 
racemisation by the use of this method has been given by Schwarz and Bumpus,? who 
coupled benzyloxycarbonyl-1-valyl-L-tyrosine with distilled L-isoleucine methyl ester, 
using tetrahydrofuran as solvent, and separated benzyloxycarbonyl-L-valyl-p-tyrosyl-L 
isoleucine methyl ester from the product in 11% yield. 

The “ phosphorazo”” method” also resulted in extensive racemisation, showing 
clearly that methods which have been postulated to involve activation of the amino- 
component may still cause racemisation in the carboxyl component. More recently, 
Grassmann, Wiinsch, and Riedel *! coupled benzyloxycarbonylglycyl-L-phenylalanine with 
L-alanine methyl ester by this means; the crude product was saponified, and fractionation 
yielded some benzyloxycarbonylglycyl-p-phenylalanyl-t-alanine. Analogous syntheses 
of tri- and penta-peptides gave products of unsharp melting point, but in these cases the 
diastereoisomers assumed to be present could not be separated. As pointed out by these 
authors, such methods are likely to involve an intermediate acid anhydride, which in the 
solvent pyridine may be expected to racemise. 

Several of the methods of coupling not so far used in our study have been examined 
by other workers, who have looked for racemic material in the product of reactions having 
benzyloxycarbonyldipeptides:as the acyl component. Farrington, Hextall, Kenner, and 
Turner * investigated the use of p-nitrophenyl thiol esters in this way; Sheehan and 


17 Panneman, Marx, and Arens, Rec. Trav. chim., 1959, 78, 487. 
#8 Maclaren, Austral. J. Chem., 1958, 11, 360. 
#® Boissonnas, Helv. Chim. Acta, 1951, 34, 874; Vaughan, J. Amer. Chem. Soc., 1951, 78, 3547; 
Wieland and Bernhard, Annalen, 1951, 572, 190. 
~ © Goldschmidt, Angew. Chem., 1950, 62, 538; Goldschmidt and Lautenschlager, Annalen, 1953, 580, 
*1 Grassmann, Wiinsch, and Riedel, Chem. Ber., 1958, 91, 455. 
* Farrington, Hextall, Kenner, and Turner, J., 1957, 1407. 
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Hlavka % and (more fully) Panneman, Marx, and Arens !” examined the use of ethoxy- 
acetylene, and Anderson and Paul ™ reported one such experiment in the use of NN’. 
carbonyldi-imidazole. In these cases again, it was found that racemisation can occur 
during the coupling of benzyloxycarbonyldipeptides, but attention to conditions may 
almost eliminate this. It must however be emphasised that, as shown by Clayton et al,,% 
the extent of racemisation will depend on the peptide components as well as on the 
condensing agent, and it is most desirable that a variety of model reactions should be 
studied. Early in our work, we had supposed that racemisation would be more likely 
where the acyl group concerned is acetyl rather than acylaminoacetyl, but the lack of 
evidence of racemisation by the azide route, and the confirmation of our findings in several 
cases by other workers using benzyloxycarbonyldipeptides, indicate that the model 
reaction we have used may not be unduly sensitive. We do not suggest that those methods 
of coupling which we have found to cause racemisation will do so in all reactions. There 
are many examples of syntheses in which racemisation would be expected but optically 
pure material has been isolated by careful purification. But clearly those methods are 
generally to be preferred which have been shown, in tests such as those we have described, 
to cause little or no racemisation. 


EXPERIMENTAL 


M. p.s were taken on a Kofler block. Infrared spectra were recorded on a Perkin-Elmer 
model 21 spectrophotometer. 

Acetyl-t-leucylglycine Ethyl Ester —Benzyloxycarbonyl-t-leucylglycine ethyl ester * {3-5 g.; 
m. p. 103-5°, [a,?? —26-2° (c 2:8 in EtOH)} in ethanol (30 ml.) containing acetic acid (1-2 ml) 
was hydrogenated in the presence of palladium black (0-35-g.). 1-8 g. of the syrupy acetate so 
obtained were dissolved in a mixture of chloroform (2 ml.) and benzene (8 ml.), and acetic 
anhydride (0-7 ml.) was added. After 12 hr. at room temperature, alcohol (1 ml.) was added 
(to decompose the excess of anhydride) and then ethyl acetate (30 ml.); the solution was 
washed with small volumes of dilute hydrochloric acid, 2N-potassium hydrogen carbonate, and 
water, and dried (MgSO,). Evaporation gave a residue which solidified under light petroleum 
(b. p. 60—80°) at 5°, giving a white solid (0-78 g., 60%), m. p. 98-5—99-5°. Recrystallisation 
from isopropyl ether-light petroleum (b. p. 80—100°) gave material of m. p. 99—100°, [a],™ 
—55-0° (c 1-0 in EtOH). Distillation in a molecular still at 10 mm. gave ester of m. p. 100— 
101°, {a),,"* --56-0° (c 1-2 in EtOH), vmax. 1751, 1637 cm.* (in liquid paraffin), at 1742, 1667 cm.* 
(in CHCl,) (Found: C, 55-8; H, 8-5; N, 10-8. C,,H,,0,N, requires C, 55-8; H, 8-6; N, 
10-8%). 

Acetylation of L-leucylglycine ethyl ester by means of acetic acid with dicyclohexylcarbodi- 
imide in tetrahydrofuran proceeded in 60% yield, but the crude product contained N-acetyl- 
NN’-dicyclohexylurea, m. p. 126—127°. 

N-Acetyl-NN’-dicyclohexylurea (cf. ref. 26).—To dicyclohexylcarbodi-imide (2-0 g.) in 
boiling pyridine (50 ml.; dried and redistilled) was added dropwise glacial acetic acid (0-6 ml). 
The mixture was heated under reflux for a further 30 min., the solvent was removed under 
reduced pressure, and the residue was crystallised and recrystallised from acetone-isopropyl 
ether, giving the acylurea, m. p.127—128° (Found: C, 67-7; H, 9-7; N, 10-3. C,,;H,,O,N, requires 
C, 67:7; H, 9:8; N, 105%), vmax, 1718, 1672 cm. (in liquid paraffin), at 1712, 1661 cm. 
(in CHCI,). 

Acetyl-L-leucylglycine.—Acetyl-L-leucylglycine ethyl ester (0-50 g.) was hydrolysed at room 
temperature by N-sodium hydroxide (2-15 ml.) in water (2 ml.) for 1 hr. The solution was 
made acid to Congo Red, and ether (15 ml.) was added; the product (0-35 g., 78%) crystallised. 
Recrystallisation from water gave needles, m. p. 193—194°, [a],,!7 — 50° (c 2-0 in EtOH) (Found: 
C, 52-4; H, 7-8; N, 12-2. C,9H,,0O,N, requires C, 52-2; H, 7-9; N, 12-2%). 


*3 Sheehan and Hlavka, J. Org. Chem., 1958, 28, 635. 
*# Anderson and Paul, J. Amer. Chem. Soc., 1958, 80, 4423. 
*5 Vaughan and Osato, ibid., 1952, 74, 676. 

%6 Zetzsche and Fredrich, Chem. Ber., 1939, 72, .1735. 
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By the action of diazoethane in ether, the acid was converted quantitatively into the ethyl 
ester, m. p. 97—98-5°, [a],,!® —55° (c 1-2in EtOH). Distillation of this product at 10™ mm.-gave 
material of m. p. 101°, [a2 —55-4° (c 1-5 in EtOH). 

Acetyl-pi-leucylglycine Ethyl Ester.—Acetyl-pt-leucine ” (m. p. 161°; 4-7 g.) with triethyl- 
amine (3-8 ml.) was dissolved in anhydrous tetrahydrofuran (50 ml.), then cooled to —5°, and 
isobutyl chloroformate (3-6 ml.) was added slowly with stirring. After 5 min., glycine ethyl 
ester hydrochloride (3-8 g.) and triethylamine (3-8 ml.) in tetrahydrofuran (50 ml.) were added, 
and the temperature was allowed to rise. Next morning, the ester was isolated in the usual 
fashion, and recrystallised from ethyl acetate-cyclohexane, from benzene, and finally from 
ethyl acetate-light petroleum (b. p. 60—80°), giving needles, m. p. 120—120-5° (Found: C, 56-1; 
H, 8:7; N, 10-7%), Vmax, 1742, 1681 m, 1645 cm. (in liquid paraffin), at 1742, 1667 cm. 
(in CHCl,). 

Investigation of Racemisation during Coupling : General.—The acetyl-t-leucine had m. p. 
186°, [a},,1° —24-2° (c 4-0 in MeOH) (lit.,** m. p. 185—185-5°, [a], —23-0°). Glycine ethyl ester 
was distilled immediately before use. The normal procedure after each coupling reaction was 
to wash the products, dissolved in an organic solvent (usually ethyl acetate), with small volumes 
of 2n-hydrochloric acid, 2N-sodium carbonate or 2N-potassium hydrogen carbonate, and water; 
the solution was dried (MgSO,) and evaporated to dryness in vacuo. The crude product was 
triturated with light petroleum (b. p. 60—80°), and the solid was collected. The filtrate was 
concentrated to give further solid or syrupy fractions. The specific rotations of the fractions 
were measured with ethanol as solvent (c 1); the percentage of L-peptide (excluding that present 
in any racemate), calculated from these values and by using [a],, —56-0° for pure L-peptide, is 
placed in parentheses immediately after the specific rotation.* Hence the weights of L-peptide 
and of racemate in the solid fraction may be calculated, and from these the minimum percentage 
of each in the total product. The composition of the solid fractions was confirmed by hydrolysis 
in 6N-hydrochloric acid at 100° for 3 hr.; the solution was made up to a known volume, and the 
optical rotation was measured (at 20—23°). From the weight of peptide taken, the weight of 
leucine obtainable was calculated, and the results are expressed as the specific rotation of the 
leucine (c 2—3-5 in 3N-HCl). Under these conditions, authentic acetyl-L-leucylglycine ethyl 
ester gave a solution whose rotation corresponded to that of leucine of [aj,, +14-7°; by using 
this figure for the hydrolysis product of the pure L-peptide, the percentage of L-peptide in excess 
of the p-isomer was calculated for each fraction, and is given in parentheses after the specific 
rotation of the leucine so obtained. The identity of the solid fractions was confirmed further 
by infrared absorption spectra (of a suspension in liquid paraffin, unless otherwise stated; the 
peaks in the carbonyl region only are given). The m. p. of partly racemised peptide is depressed 
by addition of impurities other than racemate, and mixed m. p. of this kind have been useful in 
confirming identity. 

(1) Acid Azide Method.*—Acetyl-t-leucine methyl ester. Acetyl-t-leucine (6-1 g.) was 
esterified by diazomethane in ether; the resulting syrup distilled at 80°/0-1 mm., and the 
distillate crystallised (5-4 g., 82%). Recrystallisation from cyclohexane-light petroleum 
(b. p. 40—60°) gave ester of m. p. 41-5—42-5°, [a],17 —42-0° (c 3-3 in MeOH), [aJ,"* —57-8° 
(c 4-0 in H,O) (Found: C, 57-9; H, 9-2; N, 7-5. C,H,,O,N requires C, 57-7; H, 9-2; N, 7-5%). 
The literature ! records m. p. 74—75°, {a],,4® —17-22°, for this compound prepared from acetyl- 
L-leucine of m. p. 167° (sintering at 155°), [aJ,!* —12-09° in EtOH. For comparison, the 
racemate was prepared as described below. 

The fully active ester was obtained in 70% yield by treating acetyl-1t-leucine with thionyl 
chloride and methanol under the conditions of Brenner and Huber." 

Acetyl-pi-leucine methyl ester. Acetyl-pt-leucine (3-5 g.) was esterified with diazomethane 
in ether; the ester (90%) had m. p. 77° after recrystallisation from cyclohexane (Found: C, 57-9; 
H, 9-2; N, 7-6%). 

Acetyl-L-leucylhydvazide. Uydrazine hydrate (1-85 g.) was added to acetyl-t-leucine methyl 
ester (4-6 g.) in ethanol (40 ml.); after 36 hr. the solvent was removed, giving white crystals 
(4:6 g., 100%). Recrystallisation from ethyl acetate-light petroleum (b. p. 60—80°) gave 


* In the subsequent descriptions, ‘“‘ L-peptide 
present as racemate. 


*? Fischer, Ber., 1901, $4, 433. 
*8 DeWitt and Ingersoll, J. Amer. Chem. Soc., 1951, 78, 3359. 


is to be understood as excluding any L-peptide 
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hydrazide of m. p. 143-5°, [a},,!* —40-5° (c 3-8 in MeOH), [a],,%* — 39-8° (c 3-8 in 0-2N-HCI) (Found: 
C, 51-3; H, 9-1; N, 22:3. C,H,,O,N, requires C, 51-3; H, 9-2; N, 22-5%). 

Coupling through the acid azide. To a solution of acetyl-L-leucylhydrazide (1-87 g.) in water 
(10 ml.), glacial acetic acid (2 ml.), and concentrated hydrochloric acid (2 ml.) at 0°, was added 
a solution of sodium nitrite (1-4 g.) in the minimum amount of water, with stirring. The 
resulting oil was extracted into ether (6 x 15 ml.), and the combined extracts were concen- 
trated to 50 ml. in the presence of anhydrous magnesium sulphate. To the filtered solution 
at 0° was added distilled glycine ethyl ester (2-00 ml.). After 18 hr., ethyl acetate (30 ml.) was 
added to dissolve the oil which had separated, and the coupling product was isolated in the 
usual fashion. One experiment gave 1-25 g. of solid {m. p. 98—99°, [a],1° —53-0° (95%); 
N, 108%; Vmax. 1751, 1637 cm.1; after hydrolysis, [a], +14-4° (calc. as leucine) (98%)} 
and 0-34 g. of syrup, [a,”* —43-6°. In another experiment 1-31 g. of acetyl-L-leucylhydrazide 
were used, with corresponding reductions in the quantities of the other reagents, and there were 
obtained 0-85 g. of solid {m. p. 97-5—99°; [a],¥* —53-1° (95%); Vmax. 1751, 1639 cm. }, and 
0-14 g. of syrup, [aj,"* —41-9°. Recrystallisation of the solid fractions failed to reveal any 
pi-material. The weight of L-peptide in the solid fraction of the former experiment is 1-19 g,, 
86% of the total yield (including syrup). 

(2) The Carbodi-imide Method.%“—(i) In dichloromethane. Redistilled NN’-dicyclohexyl- 
carbodi-imide (2-27 g.) was dissolved in dried and distilled dichloromethane (30 ml.), and 
acetyl-L-leucine (1-73 g.) and glycine ethyl ester (1-00 ml.) were added. The mixture was stirred 
for 8 hr., a few drops of acetic acid were added, and after a further 30 min. the dicyclohexylurea 
was filtered off and washed with ethyl acetate. The combined washings and filtrate were 
evaporated to dryness, and the residue was taken up in ethyl acetate. One experiment gave 
2-00 g. of solid {m. p. 90—93°; [a],?7 —44-1° (79%); C, 55:3; H, 8-2; N, 109%; vax. 1757, 
1645 cm. ; after hydrolysis, [a],, +12-0° (calc. as leucine) (82%)} and 0-23 g. of syrup, [aj], 
—6-7°. A second experiment gave 1-73 g. of solid {m. p. 92—94°; [aj,% —44-6° (80%); 
C, 56-3; H, 8-4; N, 106%; vmax. 1751, 1639 cm.; after hydrolysis, [a], +11-7° (calc. as leucine) 
(80%)} and 0-32 g. of syrup, [a],%* —5-2°. Recrystallisation of the solid fractions from the 
first experiment gave material of m. p. 117—-119°, {a],,!° —5+7° and from the second experiment 
solid of m. p. 117—118°, [a],2° —6-4°, neither m. p. being depressed on admixture with pt- 
peptide. The weight of L-peptide (1-58 g.) in the solid fraction of the first experiment is 71%, 
of the total product. 

(ii) In tetrahydrofuran. Dried, redistilled tetrahydrofuran (40 ml.) replaced the dichloro- 
methane in procedure 2(i). One experiment gave 1-74 g. of solid {m. p. 95-5—98-5°; [a],™ 
—49-2° (88%); C, 56-4; H, 8-4; N, 11-1%; vmax, 1754, 1642 cm.1; after hydrolysis, [a), 
+13-0° (calc. as leucine) (88%)} and 0-27 g. of syrup, [a),"° +7-1°. A second experiment gave 
2-00 g. of solid {m. p. 94:5—95-5°; [a],¥5 —47-6° (85%); C, 55-7; H, 8-6; N, 11:0%; vmx 
1751, 1637 cm.!; after hydrolysis, [J,, + 12-5° (calc. as leucine) (85%)} and 0-31 g. of syrup, 
{a],,4* +11-5°. Recrystallisation of the solid fraction gave material of m. p. 116—118-5° (un- 
depressed by admixture with pi-peptide), [a],,4* —13°; vmax 1751, 1686, 1653cm.+. The weight 
of L-peptide (1-70 g.) in the solid fraction of the second experiment is 74% of the total product. 

(iii) In tetrahydrofuran, with glycine ester hydrochloride and triethylamine. Glycine ethyl 
ester hydrochloride (1-40 g.) and triethylamine (1-36 ml.) replaced the glycine ethyl ester used 
in procedure 2 (i). One experiment gave 1-28 g. of solid {m. p. 114—116°; [a],,3* —13-1° (23%); 
C, 56-3; H, 8-2; N, 108%; vmax, 1745, 1681m, 1639 cm.!; after hydrolysis, [a], -+-3-4° (cale. 
as leucine) (23%)}, 0-30 g. of solid {m. p. 90—93°; [a|,17 —40° (71-5%); C, 56-4; H, 87; 
N, 11:1%; Vmax. 1745, 1639 cm.-1; after hydrolysis, [a], +11-6° (calc. as leucine) (79%)}, and 
0-66 g. of syrup, [a],,0°. A second experiment gave 0-87 g. of solid {m. p. 108—112°; [a],,"* — 148° 
(26-5%) C, 56-1; H, 8-5; N, 10-99%; vax, 1742, 1692w, 1656 cm. }; after hydrolysis, [a], +4-2° 
(calc. as leucine) (29%)} and 0-94 g. of syrup, {a),!7 —10-3°. The weight of racemate (1-08 g.) 
in the solid fractions of the first experiment is 48°%, of the total product. 

(iv) In dimethylformamide. Dimethylformamide (40 ml.) replaced dichloromethane in 
procedure 2(i). One experiment gave 1-04 g. of solid {m. p. 97-5—99°; [a],¥* —37-5° (67%); 
C, 56-1; H, 8-9; N, 10-95%; vmax 1751, 1637 cm.1; after hydrolysis, [a],, +9-2° (calc. as leucine) 
(63%,)} and 1-17 g. of syrup, [a],,® +34-0°. Recrystallisation of the solid fraction gave some 
material of m. p. 119—120° (unchanged by admixture with pL-peptide), {«]," —6-4°. After 
several months the syrup deposited crystals of N-acetyl-L-leucyl-N N’-dicyclohexylurea, which 
after recrystallisation from light petroleum (b..p. 60—80°) had m. p. 145—146°, [a], + 58°5°; 
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the m. p. was unchanged by admixture with the authentic acylurea described below. A second 
experiment gave 1-20 g. of solid {m. p. 96—98°; [a],"* —36-5° (65%); C, 55-6; H, 8-5; N, 
10-9%; Vmax. 1754, 1639 cm.*; after hydrolysis, {aJ,, +9-0° (calc. as leucine) (61%)} and 1-16 g. 
of syrup, [a],"* +27-5°. Recrystallisation of the solid material gave a first fraction of m. p. 
110—113°, [aJ,'* +20°, Vmax, 1745, 168lw, 1647 cm.+. The weight of pi-peptide (0-42 g.) in 
the solid fraction of the second experiment is 18% of the total product. 

(v) In aqueous tetrahydrofuran. A mixture of tetrahydrofuran (30 ml.) and water (10 ml.) 
replaced the dichloromethane in procedure 2(i). One experiment gave 1-73 g. of solid {m. p. 
114—116° (undepressed on admixture with pL-peptide); [aJ,1* —13-9° (25%); C, 55-6; H, 8-5; 
N, 108%; Vmax. 1736, 1684w, 1647 cm.*; after hydrolysis, [a], +3-5° (calc. as leucine) (24%)} 
and 0-31 g. of syrup, [aJ,,’* —16-3°. A second experiment gave 1-60 g. of solid {m. p. 106—115°; 
{aJ,2” —14-6° (26%); C, "85> *8; H, 8-5; N,10-8%; vmax, 1745, 1686w, 1650cm.71; after hydrolysis, 
[a], +32° (calc. as leucine) (22%)}, 0-1 g. of m. p. 100—115°, [aj,* —27°, and 0-21 g. of syrup, 
(a), *s 2°. The weight of pL-peptide (1-3 g.) in the first solid fraction of the first experiment 
is 64% of the total product. 

N-Acetyl-L-leucyl-NN’-dicyclohexylurea (cf. ref. 26).—To dicyclohexylcarbodi-imide (2-06 g.) 
in boiling pyridine (50 ml.) was added acetyl-L-leucine (1-73 g.) portionwise in 45 min., and the 
temperature was allowed to fall slowly (2 hr.) to room temperature. The pyridine was removed 
in vacuo and the syrupy residue was extracted with light petroleum (b. p. 60—80°). Dicyclo- 
hexylurea was filtered off, the solvent was removed, and the residue was taken up in ethyl 
acetate, washed with hydrochloric acid, aqueous sodium carbonate, and water, and dried 
(MgSO,). The solvent was removed, and the residue was finally crystallised from light 
petroleum (b. p. 60—80°) by slow evaporation, giving the acylurea, m. p. 146°, [a,,* + 57-5° (c 0-8 
in EtOH), vmax, 1718, 1686, 1672, 1661sh, 1642 cm.“ (in liquid paraffin), at 1712, 1661 cm. (in 
CHCI,) (Found: C, 66-4; H, 9-8; N, 11-0. C,,H;,0O,N, requires C, 66-4; H, 9-8; N, 11-1%). 
Hydrolysis by 6N-hydrochloric acid at 100° for 3 hr. gave a solution which (after removal of 
dicyclohexylurea) was made up to a known volume, then having [a],,** + 14-2° (calc. as leucine; 
¢ 1-8 in 4-5N-HC)l). 

(3) With Diethyl Phosphorochloridite.*— (i) Anhydride procedure. Acetyl-L-leucine (1-73 g.) 
was suspended in dried toluene (50 ml.) containing triethylamine (1-36 ml.) and the temperature 
raised to 20-—-25°. Diethyl phosphorochloridite (1-46 ml.; b. p. 52—56°/28 mm., n,,** 1-4345) 
in toluene (10 ml.) was slowly added, with stirring, the temperature being kept below 25°. 
After 10 min., the solution was filtered and glycine ethyl ester (100 ml.) in toluene (25 ml.) was 
added. The mixture was heated on the water-bath for 15 min., then cooled, and ethyl acetate 
(50 ml.) was added. The final product was dried at 70°/0-5 mm. to remove traces of diethyl 
phosphite. One experiment gave 0-87 g. of solid {m. p. 94—95°; [a]p1® —46-4° (83%); N, 
10-55% ; Vmax. 1754, 1639 cm.~} and 0-23 g. of syrup, [«],!5 —13-8°. A second experiment gave 
0-80 g. of solid {m. p. 95—96°; [a],,'2 —48-5° (87%); N, 104%; Vmax. 1751, 1639 cm.+; after 
hydrolysis, {aJ,, +-12-7° (calc. as leucine) (86%)} and 0-11 g. of syrup, [a],,%* —10-6°. Recrystal- 
lisation of the first fraction gave material of m. p. pie 14° (undepressed on admixture with 
DL-peptide), [a],,4* —17-8°; Vmax. 1748, 1684w, 1650 cm.. A second experiment gave 0-66 g. of 
solid {m. p. 92—-94°, fai], —45-1° (80-5%); N, 10-6%; vax. 1751, 1642 cm.+; after hydrolysis, 
[a], +12-0° (calc. as leucine) (82%)} and 0-15 g. of syrup, [a],,?7 —15-8°. The weight of L-peptide 
(0-70 g.) in the solid fraction of the second experiment is 77% of the total product. 

(ii) Anhydride procedure, with glycine ester hydrochloride and triethylamine. Acetyl-L-leucine 
(3-5 g., 0-02 mole) was suspended in toluene (100 ml.) containing triethylamine (2-8 ml.). The 
mixture was heated to 25°, then diethyl phosphorochloridite (2-9 ml.) in toluene (20 ml.) was 
slowly added (10 min.). After a further 10 min., triethylamine hydrochloride was filtered off, 
and glycine ethyl ester hydrochloride (2-8 g.), suspended in toluene (50 ml.) containing triethyl- 
amine (2-8 ml.), was added. After 30 min. on the boiling-water bath, the mixture was cooled, 
and ethyl acetate (100 ml.) was added. One experiment gave 0-60 g. of solid {m. p. 104—107° 
(undepressed by admixture with pi-peptide), {ai),,17 —0-6° (1%); N, 108%; vmax. 1742, 1698m, 
1681m, 1647 cm.~ (in liquid paraffin), at 1742, 1672 cm.“ (in CHCI,)}, and 1-06 g. of syrup, 
(a],"" —17-8°. A second experiment, with 0-01 mole of reactants, gave 0-42 g. of solid {m. p. 
102—105° (undepressed by admixture with pi-peptide); [aJ,,15 —4-5° (8%); N, 10-55%; vax. 
1745, 1704m, 1684m, 1653 cm.~! (in liquid paraffin), at 1739, 1672 cm. (in CHCI,); after 
hydrolysis, fa], +-1-8° (calc. as leucine) (12%)} and 0-40 g. of syrup, [a], —18-2°. A third 
a (0-0l-molar scale) gave 0-65 g. of solid {m. p. 103—106°; [aj,’* —14-4° (26%); 
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N, 10-35% ; Vmax. 1739, 1667 cm.~ (in CHCI,) ; after hydrolysis, [a], +4-7° (calc. as leucine) (32%)} 
and 0-31 g. of syrup, [aJ,"* —15-1°. The weight of pL-peptide (0-48 g.) in the solid fraction of 
the third experiment is 50% of the total product. 

(iii) Anhydride procedure, with glycine ester and triethylamine. The procedure is described 
under 3 (i) above, but additional triethylamine (1-36 ml.) was added with the glycine ethy| 
ester. One experiment gave 0-51 g. of solid {m. p. 93—96°; [a],"° —26-7° (48%); N, 11-2%; 
Vmax. 1748, 1645 cm.; after hydrolysis, {a],, +8-3° (calc. as leucine) (56°5%)} and 0-14 g. of 
syrup, [a],"* —11-3°. A second experiment gave 0-36 g. of solid {m. p. 83—86°; [a],)” —30-2° 
(54%); N, 104%; vax. 1739, 1661 cm. (in CHCI,); after hydrolysis, {a],, + 6-9° (calc. as leucine) 
(47%)} and 0-29 g. of syrup, [a]! —10-3°. The weight of L-peptide (0-24 g.) in the solid 
fraction of the first experiment is 37% of the total yield, and the weight of racemate in this 
fraction, 0-27 g., is 41% of the total product. 

(iv) Amide procedure. Glycine ethyl ester (1:00 ml.) and triethylamine (1-36 ml.) were 
dissolved in dried ether, and diethyl phosphorochloridite (1-46 ml.) in ether was added slowly, 
After 30 min. at room temperature the triethylamine hydrochloride was filtered off and washed 
with ether, and the combined ethereal solutions were evaporated in vacuo. The residue was taken 
up in dried toluene (50 ml.), acetyl-L-leucine (1-73 g.) was added, and the reactants were heated 
on the water-bath for 15 min.; not all the acetyl-L-leucine dissolved. Ethyl acetate (50 ml.) 
was added. A first experiment gave 0-55 g. of solid {m. p. 88—91°; [aJ,,!® —42-9° (77%); 
N, 10-45%} and 0-18 g. of syrup, {a],?7 —8-0°. A second experiment gave 0-63 g. of solid {m. p. 
92—94°; [a],1* —44-0° (79%); N, 10-7%; vmax. 1739, 1667 cm. (in CHCI,); after hydrolysis, 
fa],, +11-9° (calc. as leucine) (81%)} and 0-23 g. of syrup, [a],?7 —10-5°. The weight of pi-peptide 
(0-13 g.) in the solid fraction of the second experiment is 15% of the total product. Recrystal- 
lisation of the solid fractions, which were discoloured, failed to yield racemate. 

(4) With Tetraethyl Pyrophosphite.,—(i) Anhydride procedure. Acetyl-t-leucine (1-73 g,) 
and tetraethyl pyrophosphite (b. p. 62—64°/0-2 mm., ,!* 1-4341) in diethyl phosphite (7 ml.) 
were heated on a boiling-water bath for 2 min. and glycine ethyl ester (1-00 ml.) was then added. 
The reactants were heated on the water-bath for 30 min., water (30 ml.) was added, and the 
solution was extracted with light petroleum (b. p. 60—80°). The aqueous layer was then 
extracted with ethyl acetate, and the coupling product was isolated from the extract in the 
normal manner. The final product was dried at 70°/0-5 mm. to remove traces of diethyl 
phosphite. One experiment gave 0-47 g. of solid {m. p. 119—120-5° (undepressed on admixture 
with pi-peptide); [aj,2* —11-1° (20%); N, 10°55%; vmax 1751, 1689, 1654 cm.1; after 
hydrolysis, [a],, +1-7° (calc. as leucine) (12%)} and 1-46 g. of syrup { [a],,24 —45-0° (80%); after 
hydrolysis, [a], +11-7° (calc. as leucine) (80%)}. A second experiment gave 0-38 g. of solid 
{m. p. 118-5—120° undepressed on admixture with pi-peptide, [a],24 —8-8° (16%); N, 110%; 
Vmax, 1751, 1692, 1656 cm.+; after hydrolysis, {a],, + 2-0° (calc. as leucine) (14%)} and 1-09 g. of 
syrup { (a],2* —44-4° (79%); N, 10-3%; after hydrolysis, [a], +10-0° (calc. as leucine) (68%)}. 
The weight of racemate (0-32 g.) in the solid fraction of the second experiment is 22% of the 
total product. 

(ii) Anhydride procedure, with glycine ester hydrochloride and triethylamine. The procedure 
followed that of 4(i), but glycine ethyl ester hydrochloride (1-40 g.) with triethylamine (1-36 ml.) 
replaced the glycine ethyl ester. One experiment gave 0-57 g. of solid {m. p. 113—116°; [a],” 
—9-0° (16%); N, 11:0%; vax 1748, 1678w, 1650 cm.1; after hydrolysis, [a],, +2-9° (calc. as 
leucine) (20%)} and 0-68 g. of syrup, [a],™* —32-5°. A second experiment gave 0-45 g. of solid 
{m. p. 117—118-5° (undepressed by admixture with pi-peptide) ; [aJ,,1* —6-5° (12%); N, 112%; 
Vmax, 1745, 168lw, 1647 cm.*; after hydrolysis, {aJ,, +1-4° (calc. as leucine) (10%)} and 0-98 
g. of syrup, {a],7* —32-4°. The weight of racemate (0-48 g.) in the solid fraction of the first 
experiment is 38% of the total product. 

(iii) Amide procedure. Glycine ethyl ester (1-00 ml.) and tetraethyl pyrophosphite (2-7 ml.) 
in diethyl phosphite (7 ml.) were heated on the water-bath for 2 min., acetyl-L-leucine (1-73 g.) 
was then added, and heating was continued for 30 min. The subsequent procedure is described 
in 4(i). One experiment gave 0-25 g. of solid {m. p. 115—117° (undepressed on admixture with 
DL-peptide), [a],,"° —9-9° (18%); N, 10-6%; vmax 1745, 1704w, 1684m, 1647 cm." (in liquid 
paraffin), at 1745, 1664 cm. (in CHCI,); after hydrolysis, [a], +2-4° (calc. as leucine) (16%)} 
and 1-25 g. of syrup, {a],,"* —39-4° (Vmax 1751, 1639 cm.", liquid film). A second experiment 
gave 0-68 g. of solid {m. p. 98-5—100°; [aJ,,!7 —47-1° (84%); N, 109%; vinax, 1751, 168lw, 
1639 cm.*; after hydrolysis, [aJ,, +12-1° (calc..as leucine) (82%)} and 0-67 g. of syrup, {aJ,™ 
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_27-5°. A third experiment gave 1-16 g. of solid {m. p. 96—98°; [aJ,¥* —38-9° (70%); N, 
11:2%;3 Vmax. 1751, 1639 cm.*; after hydrolysis, [a], +12-1° (calc. as leucine) (82-5%)}.and 
0-17 g. of syrup, {aJ,'7 —9-8°. The weight of pi-peptide (0-35 g.) in the solid fraction of the 
third experiment is 26% of the total yield. 

(iv) Amide procedure, with glycine ester hydrochloride anc triethylamine. The procedure 
followed that of 4 (iii), except that glycine ethyl ester hydrochloride (1-40 g.) and triethylamine 
(1-36 ml.) replaced glycine ethyl ester. One experiment gave 0-95 g. of solid {m. p. 105—112°; 
(aj, —30-1° (54%); N, 109%; vmax. 1745, 1664 cm. (in CHCI,); after hydrolysis, [a], +8-9° 
(calc. as leucine) (61%)} and 0-53 g. of syrup, [aJ,'* —27-8°. A second experiment gave 0-50 g. 
of solid {m. p. 117-5—119° (undepressed by admixture with pL-peptide); [aJ,,!”7 —8-2° (15%); 
N, 104%; Vmax. 1751, 1689m, 1656 cm.; after hydrolysis, [aJ,, +1-7° (calc. as leucine) (12%)} 
and 0-71 g. of syrup, [aJ,!”7 —36-0°. The weights of L-peptide (0-51 g.) and of racemate (0-44 g.) 
in the solid fraction of the first experiment are 35% and 30% of the total product, respectively. 

(v) Amide procedure, with glycine ester and glycine ester hydrochloride. The procedure 
followed that of 4(iii), but glycine ethyl ester hydrochloride (1-40 g.) was present in addition 
to the glycine ethyl ester. One experiment gave 1-16 g. of solid {m. p. 94—96°; [aJ,!” —47-6° 
(85%); N, 112%; vax, 1751, 1642 cm.; after hydrolysis, [a], + 13-4° (calc. as leucine) (91%)} 
and 0-11 g. of syrup, [a],?* —20°. Asecond experiment gave 1-32 g. of solid {m. p. 95—97°; [a],,"* 
—42-3° (76%); N, 10-95%; vmax, at 1751, 1639 cm.1; after hydrolysis, [a], +11-5° (calc. as 
leucine) (78%)} and 0-16 g. of syrup, [aJ],"* —14-8°. The weight of L-peptide in the solid 
fraction of the first experiment is 78% of the total product. 

(vi) With glycine ester hydrochloride but without tertiary amine. Acetyl-L-leucine (1-73 g.), 
glycine ethyl ester hydrochloride (1-40 g.), and tetraethyl pyrophosphite (2-7 ml.) in diethyl 
phosphite (7 ml.) were heated on the steam-bath for 30 min., dissolution occurring. After 
cooling, water (30 ml.) was added, and the procedure then followed that described in 4(i). One 
experiment gave 0-91 g. of solid {m. p. 117—119° (undepressed on admixture with pL-peptide), 
[a],,"* —3-7° (7%); N, 105%; Vmax, 1743, 1686w, 1650 cm.?; after hydrolysis, [a], + 1-5° (calc. 
as leucine) (10%)} and 0-19 g. of syrup, [a],3* —3-8°. A second experiment gave 0-80 g. of 
solid {m. p. 117—119°; [aJ,7* —5-2° (9%); N, 108%; vmax 1745, 1684m, 1647 cm.*; after 
hydrolysis, [a], +1-7° (calc. as leucine) (12%)} and 0-23 g. of syrup, [a],’* —7:5°. The weight 
of racemate in the solid fraction of the first experiment is 0-85 g., 77% of the total product. 

(vii) With pyridine as solvent.® Acetyl-L-leucine (1-73 g.) and glycine ethyl ester hydro- 
chloride (1-40 g.) were dissolved in dried pyridine (50 ml.). Tetraethyl pyrophosphite (5 ml.) 
was added slowly, followed by triethylamine (1-38 ml.), and the mixture was heated for 1 hr. on 
the water-bath. The solvent was removed in vacuo at 50°, and the residue was taken up in 
ethyl acetate. Traces of diethyl phosphite were removed from the final product at 70°/0-5 mm. 
One experiment gave 0-78 g. of solid {m. p. 104—108°; [aJ,% —4-9° (9%); N, 110%; vax 
1742, 1669 cm.1; after hydrolysis, [a], +1-4° (calc. as leucine) (10%)} and 1-38 g. of syrup, 
{a],"” —6-7°. Asecond experiment gave 0-80 g. of solid {m. p. 106—111° (undepressed on admix- 
ture with pi-peptide), [aJ,3* —2-3° (4%); N, 11:0%; vax, 1742, 1701w, 168lw, 1650 cm."}; 
after hydrolysis, [a], +0-7° (calc. as leucine) (5%)} and 1-32 g. of syrup, [a),’7 —16-0°. The 
weight of racemate (0-77 g.) in the solid fraction of the second experiment is 36% of the total 
product. 

(5) Carbonic Mixed Anhydride Method.°—(i) In tetrahydrofuran. A solution of acetyl-L- 
leucine (1-73 g.) and triethylamine (1-36 ml.) in anhydrous tetrahydrofuran (25 ml.) was cooled 
to —5° and isobutyl chloroformate (1-31 ml.) was slowly added with stirring. After 5 min., a 
suspension of glycine ethyl ester hydrochloride (1-68 g., 0-012 mole) and triethylamine (1-36 ml., 
0-010 mole) in tetrahydrofuran (25 ml.) at —5° was slowly added, and the temperature was 
allowed to rise. Next day, triethylamine hydrochloride was filtered off and washed with ethyl 
acetate; the washings and filtrate were evaporated to dryness in vacuo and the residue was 
taken up in ethyl acetate. One experiment gave 1-38 g. of solid {m. p. 118—119° (undepressed 
on admixture with pi-peptide); {a],7* 0° (0%); N, 10-6%; vmax, 1745, 1684m, 1647 cm.*; 
after hydrolysis, [a], +0-7° (calc. as leucine) (5%)} and 0-34 g. of syrup, [aJ,’* —345°. A 
second experiment gave 1-65 g. of solid {m. p. 118—119°; [aJ,,7* —11-3° (20%); N, 10°7%; vax. 
1745, 1681m, 1642cm."1; after hydrolysis, {a],, + 2-3° (calc. as leucine) (16%)} and 0-30 g. of syrup, 
{a],'? —33-6°. The solid fraction (racemate) of the first experiment is 80% of the total product. 

(ii) In chloroform. Chloroform replaced the tetrahydrofuran used in 5(i). One experiment 
gave 1-65 g. of solid {m. p. 118-5—120°; [a],,"® —0-5° (1%); N, 108%; vax 1745, 1681m, 1647 
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cm.*; after hydrolysis, [«],, +0-2° (calc. as leucine) (1%)}, and 0-37 g. of syrup, [a],,!* —7-9°, 
Another experiment gave 1-80 g. of solid {m. p. 118—120° (undepressed on admixture with 
DL-peptide), [a],** —0-5° (1%); N, 109%; vax. at 1748, 1681m, 1647 cm.*; after hydrolysis, 
{a],, 0°}, and 0-16 g. of syrup, [aJ,2° —15°. The weight of racemate (1-78 g.) in the solid 
fraction of the second experiment is 91% of the total product. 

(ili) In tetrahydrofuran, with glycine ester. The procedure described in 5(i) was followed, 
except that after anhydride formation the triethylamine hydrochloride was filtered off, and 
distilled glycine ethyl ester (1-00 ml.) was used in place of the ester hydrochloride and triethyl. 
amine. One experiment gave 0-37 g. of solid {m. p. 120—120-5°, [aJ,,"* —5-7° (10%); N, 10-7%; 
Vmax. 1754, 1694, 1657 cm. 4; after hydrolysis, [a], +0-4° (calc. as leucine) (3%)}, 1-04 g. of solid 
{m. p. 98—99°; [a},3* —52-3° (93%); N, 10-65%; vax 1751, 1639 cm.+; after hydrolysis, 
[a], +14-0° (calc. as leucine) (95%)}, and 0-09 g. of syrup, [aJ,?7 —17°. A second experiment 
gave 1-72 g. of solid {m. p. 95—110°; [a],,%° —33-0° (59%); N, 10-45%; vax 1745, 1642 cm.1; 
after hydrolysis, [a],, +9-2° (calc. as leucine) (63%)} and 0-07 g. of syrup, [{aJ,,!> —9-8°. The 
weights of L-peptide (1-01 g.) and of racemate (0-61 g.) in the solid fraction of the second 
experiment are 57% and 40% of the total product, respectively. 

(iv) In tetrahydrofuran, with glycine ester liberated in chloroform solution. Glycine ethyl 
ester hydrochloride (1-40 g.) and triethylamine (1-38 ml.) were dissolved in chloroform (15 m1); 
the solvent was removed in vacuo at room temperature, and the suspension of the residue in 
tetrahydrofuran (25 ml.) was used in a coupling reaction similar to that of 5(i), except that 
15 min. were allowed for formation of the anhydride. One experiment gave 1-17 g. of solid 
{m. p. 105—108°; [aj,)© —24-4° (44%); N, 108%; vmax 1742, 1639 cm.71; after hydrolysis, 
[a], +7-0° (calc. as leucine) (48%)}and 0-61 g. of syrup, [a], —41-8°. Asecond experiment gave 
1-09 g. of solid {m. p. 96—103°; [a],1* —19-6° (35%); N, 10-6%; vax. 1745, 1639 cm.; after 
hydrolysis, [a],, +5-4° (calc. as leucine) (37%)} and 0-74 g. of syrup which subsequently 
solidified {m. p. 90—94°; [a],,7* —46-0° (82%); N, 10-1%; vmax, 1751, 1637 cm.1; after hydrolysis, 
[a],, +12-1° (calc. as leucine) (82%)}. The product from the second experiment contained 54% 
of L-peptide and 46% of racemate. 

(6) Phosphorazo Method.*°—(i) Coupling at 100°. A solution of glycine ethyl ester hydro- 
chloride (1-40 g.) in dried pyridine (10 ml.) was cooled to 0°, and phosphorus trichloride (0-44 
ml., redistilled from dimethylaniline) in pyridine (4-7 ml.) was slowly added. The orange 
solution was set aside at room temperature for 30 min., with occasional shaking, then acetyl-1- 
leucine (1-73 g.) and pyridine (10 ml.) were added, and the mixture was heated on the boiling- 
water bath for 3 hr. The pyridine was removed in vacuo, water (1 ml.) was added, and the 
product was extracted into ethyl acetate (50 ml.). One experiment gave 1-07 g. of solid {m. p. 
117-5—118-5° (undepressed on admixture with pL-peptide); [a],!”7 —3-6° (6%); N, 10-55%; 
Vmax. 1742, 1681m, 1647 cm.?; after hydrolysis, [a|,, +0-7° (calc. as leucine) (5%)} and 0-44 g. 
of syrup, [a],?7 —21-2°. A second experiment gave 1-11 g. of solid {m. p. 114-5—116°; [a,” 
—4-8° (9%); N, 10°75%; Vmax, 1745, 1684m, 1647 cm.1; after hydrolysis, [a], +-1-0° (calc. as 
leucine) (7%)} and 0-24 g. of syrup, [{a],,'7 0°. The weight of racemate (1-01 g.) in the solid 
fraction of the second experiment is 75% of the total product. 

(ii) Coupling at room temperature. The procedure followed that of 6(i), except that coupling 
was effected during 3 days at room temperature. One experiment gave 1-33 g. of solid {m. p. 
117—118-5°; [aJ,,?7 —11-5° (21%); N, 106%; vmax. 1748, 1689w, 1653 cm.1; after hydrolysis, 
[a], +2-0° (calc. as leucine) (14%)} and 0-16 g. of syrup, [al,,!7 —9-8°. A second experiment 
gave 1-30 g. of solid {m. p. 118—119° (undepressed on admixture with pL-peptide); [a],™ 
—11-1° (20%); N, 10-65%; vax. 1745, 1684w, 1650 cm.™; after hydrolysis, [a],, +2-9° (calc. as 
leucine) (20%)} and 0-16 g. of syrup, [aJ,% —11-9°. The weight of racemate (1-05 g.) in the 
solid fraction of the first experiment is 71% of the total product. 
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777. The Low-temperature Polymerisation of Isobutene. 
Part IV.* Exploratory Experiments. 


By R. H. BippuLpx and P. H. PLescu. 


We report results on the polymerisation of isobutene by titanium tetra- 
chloride which were obtained while developing a satisfactory technique and 
apparatus. Only molecular weights are given and discussed. Reactions 
in hexane with trifluoroacetic acid as co-catalyst gave higher molecular 
weights and a lower Ey value than those found in earlier studies with trichloro- 
acetic acid as the co-catalyst. In both ethyl bromide and ethyl chloride the 
molecular weights and Ey values were the same, and independent of the 
nature of the co-catalyst (water or trifluoroacetic acid); and at about —70° 
the molecular weights were independent of monomer concentration. 
Approximate values of ky,/kp have been obtained. The results of Norrish 
and Russell on the polymerisation of isobutene in ethyl chloride by stannic 
chloride and water have been analysed: the relatively low rates and mole- 
cular weights obtained in that system are due to slow initiation, and a fast 
transfer reaction with free stannic chloride monohydrate. Values of 
relative transfer and termination coefficients have been calculated. 

We have polymerised isobutene in liquid carbon dioxide in an all-glass 
apparatus at about —50° with aluminium bromide and with titanium 
tetrachloride. 


ONLY one study of the kinetics of the low-temperature cationic polymerisation of isobutene 
is sufficiently rigorous to be accepted.+* However, this deals with the comparatively 
slow reaction catalysed by stannic chloride and sheds little light on the fast polymerisations 
catalysed by, e.g., boron fluoride, titanium tetrachloride, or aluminium chloride. Earlier 
kinetic studies with titanium tetrachloride “5 were carried out by techniques which are 
now known to be inadequate, though the general qualitative conclusions are probably 
sound. 

The object of the present work was to devise a method for following the very fast 
polymerisations catalysed by titanium tetrachloride, to obtain reproducible rates and 
molecular weights, and to work out the kinetics and chemistry of the reaction. Although 
the rates of these reactions could not be measured with the required precision, the molecular 
weights of the products were reasonably consistent; this confirmed previous experience 
that the rate of this polymerisation is far more difficult to reproduce than the molecular 
weights of the reaction products. These preliminary results form the subject of this paper. 

The irreproducibility of the rates was traced to the presence of micromolar quantities 
of water, and a technique was evolved by which the polymerisation rate could be measured 
and reproducible rates obtained. Detailed kinetic studies were then carried out with 
controlled quantities of water, various alkyl chlorides being used as solvents and titanium 
tetrachloride as catalyst, in the temperature range +20° to —95°. The results of these 
rigorous studies will form the subject of subsequent papers in this series. 


EXPERIMENTAL 
General Considevations.—Earlier experience had shown that the rigorous exclusion of 
moisture and other impurities would be required. A high-vacuum technique was therefore 
chosen. The most serious technical difficulty was the lack of a greaseless tap, rapid and delicate 


* Part III, Flett and Plesch, J., 1952, 3355. 


1 Norrish and Russell, Nature, 1947, 160, 543. 

® Norrish and Russell, Trans. Faraday Soc., 1952, 48, 91. 

* Russell, in “‘ Cationic Polymerisation and Related Complexes,” ed. P. H. Plesch, Heffer and Sons, 
Cambridge, 1953, p. 114. 
* Plesch, Polanyi, and Skinner, J., 1947, 257. 
5 Plesch, J., 1950, 543. 
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in action, incorrodible, vacuum-tight, and completely reliable for long periods. No commercial 
device available when this work was started (1954) was satisfactory; our own solution of the 
problem has been published.® 

Technique.—Preliminary experiments and earlier work showed that the polymerisation was 
so fast that none of the conventional methods of following the reaction could be used. Further- 
more, we needed to work at low temperatures. Therefore, the adiabatic calorimetry technique 
was selected and refined. 

The experiments reported here were carried out with apparatus and techniques essentially 
similar to those finally adopted and described.” All reagents were handled in a vacuum system, 
Solvent and isobutene were condensed into the vessel, and the reactions were started by magnetic- 
ally breaking phials containing solutions of catalyst and/or of co-catalyst. The polymers were 
recovered either by precipitation or by steam-distillation. 

Materials.—Isobutene. Isobutene (I.C.I.), said to be more than 99% pure, was dried by 
distilling it at least twice in vacuo through a trap containing molten sodium at 350°. Specimens 
of the purified material were analysed by gas-liquid chromatography and by infrared spectro- 
scopy; neither technique showed any detectable impurity. The isobutene was stored as liquid 
in the apparatus described.’ 

Hexane. WHexane was purified by shaking it with two portions of 20% oleum; it was 
washed successively with water, aqueous sodium hydroxide, and water, and dried successively 
with calcium chloride and calcium hydride. It was distilled through an efficient column, and 
the fraction collected (b. p. 67—69°) was transparent down to 2200 A. It was distilled into 
the reservoir attached to the polymerisation apparatus, out-gassed, and kept there over calcium 
hydride. 

Ethyl bromide. This was purified by standard methods and distilled off phosphoric oxide 
through a Vigreux column with a reflux ratio of 5: 1, and the fraction of b. p. 37-9°/745 mm. was 
collected (lit., b. p. 38-0°/760 mm.). It was distilled into the reservoir and kept there over 
phosphoric oxide which could be agitated by a magnetic stirrer. 

Ethyl chloride. Ethyl chloride (I.C.I1) was passed from the cylinder through towers con- 
taining sodium hydroxide pellets and phosphoric oxide and condensed in the reservoir of the 
polymerisation apparatus, containing calcium hydride. It had a triple point of —133-4° 
(lit., f. p. —138-3°). 

Titanium tetrachloride. Titanium tetrachloride (British Titan Products) was distilled once 
in air and then twice in vacuo, generous head and tail fractions being discarded each time. 
Solutions in hexane or methylene dichloride were made up and charged into phials as previously 
described. The concentrations of these solutions were determined by analysing several phials 
from each batch. The contents of the phials, kept in the dark, remained colourless for many 
months. 

Trifluoroacetic acid. This was generated from the potassium salt by addition of concen- 
trated sulphuric acid in a vacuum system, and purified by bulb-to-bulb distillations. Solutions 
in hexane were made up and filled into phials as described.® 

Determination of Molecular Weight.—The polymers were dissolved in distilled and dried 
commercial di-isobutene. Viscosities were determined at 25° by using Craig and Henderson’s 
viscometer.® Concentrations were determined by drying measured volumes of polymer 
solution to constant weight. Molecular weights were calculated from the intrinsic viscosities 
by Flory’s equation.’ 


RESULTS 
Hexane as Solvent.—Using hexane as solvent, we could prepare non-reacting mixtures of 
titanium tetrachloride and isobutene, which could be made to react by adding trichloro- or 
trifluoro-acetic acid. With both these co-catalysts the reaction rates were rather irreproducible. 
An Arrhenius plot of the molecular weights of the polymers is shown in Fig. 1, whence an 
“activation energy of molecular weight,” Ey = —3 + 1-5 kcal./mole, is obtained. 
We found that at low temperatures the addition of millimolar quantities of trifluoroacetic 


® Biddulph and Plesch, Chem. and Ind., 1956, 569. 

7 Biddulph and Plesch, Chem. and Ind., 1959, 1482. 

® Biddulph and Plesch, Chem. and Ind., 1956, 567. 

® Craig and Henderson, J. Polymer Sci., 1956, 19, 215. 
10 Flory, J. Amer. Chem. Soc., 1943, 65, 372. 
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TABLE 1. Polymerisation in ethyl bromide. 
[i-C,H,] [TiCl,) Expt. [i-C,H,] (TiCl,) 
(mmole/l.) (mmole/l.) 10°! No. —T,;* (mmole/l.) (mmole/l.) 10°M 
Variation of temperature 
180 4-98 86 64 70-5° 175 4-98 
177 * 144 71 42-9 172 
177 i 7-0 70 37-8 176 
Variation of monomer concentration 
920 5-68 31 65-4 360 
177 4-98 50 59-4 236 
175 ‘a 45 63-4 116 
123 = 47 62-7 116 
120 on 46 66-6 112 
120 2-74 
117 4-98 
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* In Tables 1—3 7, is the initial temperature. 


Fic. 1. Polymerisation in hexane solution. De- Fic. 2. Polymerisation in ethyl chloride solution. 
pendence of molecular weight on temperature. Dependence of molecular weight on temperature. 
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; 36 40 50 
[i-C,H,] = 940 mmoles/l.; [TiCl,] = 5-68 3 
mmoles/l.; [CF,*CO,H] = 0-81 (O) /0 i rT 
and 1-22 (@) mmoles/I. (Concentrations as in Table 2.) 


TABLE 2. Polymerisation in ethyl chloride. 
[i-C,H,] = 0-173 + 0-003 mole/l. 
[TiCl,] Expt. [TiCl,] 

—T,;* (mmole/1.) 10°M No. —T;* (mmole/l.) 10°M 
112-1° 7-36 120 73-4° 2-49 9-77 
107-5 a 126 71-4 7-36 4-78 

78-2 2-49 10-2 50-0 2-49 4-48 

77-6 7-36 11-5 40-3 7-36 0-87 

717-4 2-49 9-55 30-8 _ 0-50 

74-0 ‘a 8-31 


’ 


TABLE 3. Polymerisation in ethyl chloride with trifluoroacetic acid as co-catalyst. 


Expt. [i-C,H,] [TiCl,} [CF,-CO,H] 
. —T,;* + (mmole/l.) (mmole/I.) (mmole/l.) 10-*M 
75° 173 _— 0 ~9e 
71-1 177 7-36 0-0105 8-30 
75-6 115 4-98 8-04 
75-6 88 8-71 


74-6 90 
73 + 104 7-48 
73 94 ” 
* This value is taken for comparison from Fig. 2. * In this experiment three portions of isobutene 


were added and polymerised successively in the same reaction mixture; the molecular weight is that 
of the whole batch of polymer recovered at the end. 
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acid to approximately m-solutions of isobutene (in the absence of titanium tetrachloride) causeq 
no observable polymerisation during periods of up to 15 min. 

Ethyl Bromide as Solvent.—The polymers were precipitated during the reactions, but were go]. 
uble in ethyl bromide at room temperature. The polymerisations were generally very fast, and the 
rates not reproducible. Occasionally, abnormally slow reactions occurred and the products 
of these always had abnormally low molecular weights. Apart from these “‘ freaks,” the 
molecular weights were reasonably consistent (Table 1). From these results Ey = —5-5 + 05 
kcal./mole. Any variation of molecular weight with monomer concentration appears to be very 
slight between —72° and —60°. 

Ethyl Chloride as Soluent.—The polymer precipitated during reaction. The rates and the 
extent of polymerisation (yield) were irreproducible especially at the higher temperatures. This 
we attribute to the presence of uncontrolled quantities of residual water which is consumed 
during the reaction. However, the molecular weights were fairly consistent. The data shown 
in Table 2 and Fig. 2 give Ey = —5-5 + 0-5 kcal./mole, and show that the molecular weight 
is independent of the catalyst concentration. 

Some experiments at about —75° with trifluoroacetic acid as co-catalyst (Table 3) showed 
that this did not affect the molecular weight, and that the latter is independent of the monomer 
concentration under these conditions. In these experiments the monomer was consumed 
completely. 

We found even our lowest polymers, of molecular weight about 5 x 10‘, to be virtually 
insoluble in ethyl chloride, whereas Russell ** states that polyisobutenes of molecular weight 
less than about 10* were soluble; we have been unable to trace the cause of this discrepancy, 


DISCUSSION 


Theory.—For this discussion the polymerisation of isobutene will be interpreted 
according to the following theoretical picture: 
Catalyst and co-catalyst react to give a complex acid: 


xTiCl, + yHA —» (TiCl,),(HA)y 
For HA = H,O nothing is known about x and y, but for simplicity we shall assume that 
both are unity. For HA = CF,°CO,H, earlier work™ has suggested that x = 1 and 


y = 2. 
Initiation is assumed to occur by transfer of a proton from the complex acid to the 
monomer, and the rate-determining step is either a bimolecular process, ¢.g., 


TiCl,,OH, + C,H, —> C,H,*TiC1,OH- 


or a unimolecular isomerisation of a complex between the acid and the monomer. 

The propagation (rate constant k,) is regarded as a bimolecular reaction between 
carbonium ion and monomer. 

The true (kinetic) termination (rate constant k,) is an isomerisation of the ion-pair to 
give poly(isobutyl alcohol) or trifluoroacetate, according to the co-catalyst, titanium 
tetrachloride being regenerated. 

Many types of transfer are possible, but the only one for which we have evidence is 
proton transfer to monomer (k,): 


H-[C,Hg],"CH,°C(CH,),* + C,H, —» H-[C,H,],°CH,°C(CH,):CH, + C,H,* 
In these terms the degree of polymerisation DP is given by 
1/DP = Rm|kp + k,[kp[M] 
The “ activation energy of molecular weight,” Ey, is given by 
Ey = 2:3R d log DP/d(1/7) = E, —2-3R d log (A, + Rm[M]/d(1/T) 
"4 Brackman and Plesch, J., 1958, 3563. 
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Thus Ey cannot be simply interpreted without a knowledge of the temperature-dependence 
of ky, and ky. 

Reactions in Hexane.—The polymers obtained when using trifluoroacetic acid as 
co-catalyst can be compared with those obtained by one of us using trichloroacetic acid as 
co-catalyst,5 although in the earlier work the intrinsic viscosity measurements were made 
on hexane solutions of the polymers, whereas we now use di-isobutene. We have found 
that polyisobutenes have almost the same intrinsic viscosity in hexane as in di-isobutene.” 
The molecular weights found in this work are all higher than those obtained previously. 
This is probably correlated with the greater acid strength of the co-catalyst, which 
presumably gives a greater strength to the complex acid formed with titanium tetra- 
chloride.2 This would agree with other observations “ that in the polymerisation of 
styrene by various acids the molecular weight of the polymer increases with the strength 
of the acid. However, the difference may also be partly due to the isobutene’s having been 
much more rigorously purified than that used in previous work. 

The value of Ey = —3 + 1-5 kcal./mole is significantly smaller than that (—7-5) found 
with trichloroacetic acid.5 Unfortunately, this difference cannot be interpreted without 
information on the temperature-dependence of k, and ky. Over the temperature range 
studied, the molecular weights are significantly greater than those obtained in ethyl 
bromide and ethyl chloride. 

Reactions in Ethyl Bromide.—In these experiments the co-catalyst was probably 
residual water, but part, at any rate, of the irreproducibility may also have been due to 
traces of hydrogen bromide. At 20° the equilibrium constant for the reaction C,H, Br === 
C,H, + HBr is K, = 1-96 x 10° atm. The vapour pressure of ethyl bromide at that 
temperature is ~400 mm. This means that for the liquid at that temperature the equi- 
librium concentration of hydrogen bromide is ~3 x 10 mole/l. Although, of course, 
the equilibrium concentration of hydrogen bromide is very much smaller at the low tem- 
peratures of our experiments, it is not certain that equilibrium would have been attained 
in every experiment, and therefore some interference with the polymerisation by traces 
of hydrogen bromide might be expected, possibly through the formation of some t-butyl 
bromide. This is a serious reason for avoiding in future the use of this solvent. 

The most significant conclusion is that below about —60° the molecular weight is 
independent of monomer concentration. It follows that in these reactions the DP is 
governed by the transfer to monomer (k,) and that unimolecular termination (f,) and any 
unspecified transfer or termination reactions not involving monomer are insignificant. On 
this basis the data in Table 1 give k,,/k, at ca. —63° as about 2 x 10“ and at ca. —71° as 
about 8 x 10°. 

We have no evidence to indicate whether or not ethyl bromide is a co-catalyst. 

Reactions in Ethyl Chloride.—Our results have shown that this substance is not a co- 
catalyst, because reactions which had been stopped by the consumption of the adventitious 
water could be made to continue by addition of, e.g., trifluoroacetic acid. 

The molecular weights obtained at —70° without and with trifluoroacetic acid are not 
significantly different, and with the acid the molecular weights are independent of monomer 
(and probably also of catalyst) concentration at that temperature. Both these features 
indicate that, just as in ethyl bromide solution, the principal chain-breaking mechanism 
must be transfer to monomer. It follows from the data in Table 3 that at about —74° 
Rm/kp is approximately 7 x 10°. The very close agreement between the magnitudes 
of the molecular weights and of the values of Ey obtained with both solvents suggests that 
the reaction mechanisms are similar. Over the whole temperature range concerned the 
dielectric constant of ethyl bromide is about two units smaller than that of ethyl chloride— 


2 Plesch, unpublished work. 

8 Plesch, Sci. Proc. Roy. Dublin Soc., 1960, 25, 154. 

™ Brown and Mathieson, J., 1957, 3612. 

* Lane and Linnett, Proc. Roy. Soc., 1953, A, 216, 361. 
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which suggests that it is not primarily the dielectric constant of a solvent which determines 
its effect on cationic polymerisations. With trifluoroacetic acid as catalyst the molecular 
weights obtained in hexane were appreciably greater than those obtained with the same 
co-catalyst in ethyl chloride. 

Comparison with the Results of Norrish and Russell—The system isobutene-ethy] 
chloride has been investigated by Norrish and Russell,)* who used stannic chloride as 
catalyst and water as co-catalyst. One of the most striking differences between their 
results and ours is that our reactions, catalysed by titanium tetrachloride, were very much 
faster, a feature previously reported by Russell.* Under comparable conditions of concen- 
trations and temperature our reactions had half-lives of the order of a few seconds, whereas 
with stannic chloride they are measured in hours. A similar difference has been found 
in the polymerisation of styrene. 

Unpublished results on molecular weights, kindly communicated to us by Dr. K. E, 
Russell, are given in Table 4. It is evident from these that, in contrast to our system, the 


TABLE 4. Polymerisation of isobutene in ethyl chloride by stannic chloride and water 
at —78-5°. 
(Unpublished results of K. E. Russell,* quoted by permission.) 
[i-C,H,] (mole %) . 8 11-2 14 17-6 
1-33 1-84 2-27 2-83 
1-28 1-44 2-45 2-81 
[SnCl,] = 1-15, [H,O] = 0-11 mole %. 
* The concentrations are given by Russell in moles %. The concentrations of isobutene in mole/l. 
have been computed by us, the volumes of ethyl chloride and isobutene being assumed to be additive. 
The concentrations of stannic chloride and of water have been calculated by us to be, respectively, 


0-196 and 0-0188 mole/l. at the lowest isobutene concentration, and 0-182 and 0-0174 mole/l. at the 
highest. 


molecular weight increases linearly with the monomer concentration, and that at com- 
parable concentrations the molecular weights obtained with stannic chloride are much 
smaller than those obtained by us with titanium tetrachloride. A “ first Mayo plot” of 
1/DP against 1/[M] for Russell’s results shows an intercept J, = (2 + 1) x 10° which can 
be identified with k,,/k,. The slope S, is 5-4 x 10“. This is identified, according to the 
usual procedure, with (1/k,[M])(&, + J), where J = >%,{Xi], and X;, is the i-th chain- 
breaking agent reacting with growing chains, with a rate constant k,,. It remains to 
ascertain the number and nature of the chain-breaking agents in this system. Fortunately, 
the data assembled by Norrish and Russell ? in their Figs. 2 and 4, when represented as 
“second” and “ third Mayo plots” of 1/DP against [H,O] and 1/DP against [SnCl,], 
show unambiguously that the only chain-breaking agent is the free monohydrate of 
stannic chloride. If this is represented by X, and the rate constant of its reaction with 
growing chains by k;, J = k,[X]. [X] = [H,O] when [H,O] < [SnC],], and [X]= 
[SnCl,] when [H,O] > [SnCl,). 

The slope of the “ second Mayo plot” is S, = k,/kp[M] = 8-4 x 10°, whence k,/kp = 
2-71 x 10°. This, and S,, give k,/kp = 49 x 10% moles/l. The intercept J, of the 
“second Mayo plot” is (&, + Am{M])/kp[M] = 3-78 x 10°, whence km/kp = 2-25 x 10%, 
which is in excellent agreement with the value derived from the “‘ first Mayo plot.” 

The slope S, and the intercept J, of that part of the ‘‘ third Mayo plot ” which relates 
to [SnCl,] < [H,O], have the same interpretation as S, and J,, and the values (S; = 
8 x 10%, J, = 2 x 10°) are in satisfactory agreement with those of S, and J. 

These calculations show that at —78-5° in the system isobutene-stannic chloride- 
water-ethyl chloride, by far the most important chain-breaking reaction is that with free 
stannic chloride monohydrate. The importance of this compound as a transfer agent, 
revealed by this analysis, implies that initiation by it must be a slow reaction. Moreover, 
the activation energy of the rate is large and positive (Ez = 7 kcal./mole), and DP is 
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almost independent * of temperature between —63° and —95°. This indicates that 
Eg is essentially E, and thus supports the idea that initiation is slow. Thus, the low rate 
must be attributed to the slowness of the initiation, and the low value of DP to the 
efficiency of stannic chloride monohydrate as transfer agent. 

Although our own results on the comparable system isobutene-titanium tetrachloride- 
ethyl chloride are far less detailed than those of Norrish and Russell, they do indicate that 
all kinds of chain-breaking are relatively slow, and that initiation is fast. Herein appears 
to lie the main difference between the tetrachlorides of tin and titanium. 


POLYMERISATIONS IN LiguipD CARBON DIOXIDE 


It has been reported that when isobutene '* and a-methylstyrene 1” are polymerised by 
aluminium halides, polymers of higher molecular weights are obtained with carbon 
disulphide than with alkyl halides as solvents. This prompted us to try liquid carbon 
dioxide as solvent for the polymerisation of isobutene. We have not been able to trace 
any publications on the use of this substance as a solvent for an organic reaction, although 
it has been mentioned in the patent literature. Since the triple point of carbon dioxide 
is at —56-5° and 5-01 atm., a special apparatus had to be devised, and experimentation 
was somewhat tedious. We therefore contented ourselves with a few qualitative experi- 
ments in which we found that the polymerisation of isobutene can indeed be carried ou 
in liquid carbon dioxide. 


Apparatus.—The polymerisation apparatus, made of 3-mm. Pyrex glass, consisted of a 
vertical tube fitted with a reciprocating stirrer operated by a solenoid. It had connected to it 
a sloping arm in which catalyst phials were held in position by magnetically retractable retainers, 
a manometer, and a side-arm with pressure-tap and ground socket to connect it to a vacuum 
manifold for evacuation and charging. The catalyst phials had to be made so heavy that they 
would sink and could thus be crushed by the stirrer. 

Materials.—We found that with carbon dioxide from a cylinder there was no polymerisation 
when a phial containing aluminium bromide in ethyl bromide was broken in the solution 
containing isobutene. We therefore prepared carbon dioxide by heating ‘‘ AnalaR’”’ sodium 
hydrogen carbonate and dried it by passage through a trap cooled in solid carbon dioxide. 

As catalyst we used solutions of aluminium bromide in ethyl bromide and solutions of 
titanium tetrachloride in isopropyl chloride. These were prepared, and filled into phials 
in vacuo. 

The isobutene was purified as described above. 

Procedure.—The apparatus was armed with two catalyst phials (in case one did not break) 
and evacuated, and approx. 0-27 mole of carbon dioxide and 0-03 mole of isobutene were 
condensed into it. When the contents were frozen solid, the apparatus was fitted with a wire- 
mesh guard-sleeve and transferred to a bath of alcohol at about —50°. When the contents 
were molten and the pressure was constant, the stirrer was started, and a catalyst phial dropped 
in. Atthe end of the reaction the reaction mixture was frozen solid, the bottom of the apparatus 
cut off, and the polymer recovered. 

Results —As soon as the catalyst phial was broken a white solid began to form. With 
aluminium bromide the reactions were extremely fast, the rise in temperature being shown by 
the increase in pressure—in one experiment to about 16 atm. The strong smell of isobutene 
when the discharged reaction .mixture was being warmed showed that the reaction had been 
incomplete—presumably because the catalyst had become embedded in the polymer. 

With titanium tetrachloride the reactions were slower than with aluminium bromide, and 
went virtually to completion. 

Because the experiments were far from isothermal, and the conditions generally ill-defined, 
no particular value can be attached-to the molecular weights, but those obtained with aluminium 


1@ Russell, personal communication. 


%* Thomas and Arey, quoted in “‘ Vinyl and Related Polymers,” by C. E. Schildknecht, Wiley, New 
York, 1952, p. 546. 


”” Hersberger, Reid, and Heiligmann, Ind. Eng. Chem., 1945, 37, 1073. 
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bromide were much greater (~5 x 10°) than those obtained with titanium tetrachloride 
(~3 x 10*), which conforms with general experience. The infrared spectra of the polymers 
were normal. 


Conclusion.—Our experiments show that carbon dioxide can be used as a solvent for 
cationic polymerisations. In comparative studies of solvent effects it may offer some 
advantages, since it is easy to purify, inert to metal halides, and very unlikely to participate 
in any transfer or termination reactions. 


We thank Polymer Corporation of Canada for a Research Studentship (to R. H. B.) and 
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for gifts of pure titanium tetrachloride and of di-isobutene, Messrs. R. Dewsberry, D. C. Edwards, 
and R. C. Maddison for help with viscometry, and Dr. K. E. Russell for making available to us 
his unpublished results. 
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778. Catalysis by Hydrogen Halides in the Gas Phase. Part IV.* 
t-Pentyl Alcohol and Hydrogen Bromide. 


By V. R. Stimson and E. J. Watson. 


A homogeneous, gas-phase, molecular decomposition of t-pentyl alcohol 
into pentenes and water, catalysed by hydrogen bromide in the temperature 
range 308—415°, is described. The three methylbutenes are produced, their 
proportions have been measured, and the significance of this is discussed. 


THE homogeneous, gas-phase, molecular decompositions of t-butyl alcohol into isobutene 
and water, catalysed by hydrogen bromide and by hydrogen chloride, have been described 
in Parts I and II.4_ The close resemblance of the reactions in solution of t-pentyl com- 
pounds to those of t-butyl compounds is well known, and several examples have also been 
observed in the gas-phase, viz., the uncatalysed dehydrations of the alcohols? at 480— 
550°, the dehydrochlorinations of the chlorides * at 270—350°, the dehydrobrominations 
of the bromides * at 220—280°, and the elimination of acetic acid from the acetates 5 at 
ca. 260°. In all cases these are molecular reactions and the t-pentyl compound reacts 
slightly faster than does the t-butyl compound. The kinetics of the gas-phase elimination 
of water from t-pentyl alcohol catalysed by hydrogen bromide are now described (see 
Tables 1—4). 


TABLE 1. The effect of hydrogen bromide on the rate at 359-1°. 


Pune (MM.) ..0-.0ce0ccesesees 37 60 79 92 9% 2% 103 ~~ 121 243 
Pome (MM.) ............ 127 182 183 138 164 125 162 180 200 
LOPR (S€C."2) .......ceceeseeeee 37 62 8 100 99 97 113 125 266 
10°k/punr (sect mm."1)... 100 103 107 108 103 101 109 103 109 


Mean 105 + 3 


EXPERIMENTAL 


Materials.—t-Penty] alcohol, fractionated through a column of Fenske helices (12”) fitted 
with a Whitmore—Lux head, had b. p. 99-0° + 0-2°/675 mm. and nm,” 1-4061. Weissberger 


Part III, Ross and Stimson, J., 1960, 3090. 


> 

? Part I, Maccoll and Stimson, J., 1960, 2836; Part II, Lewis and Stimson, J., 1960, 3087. 

® Schultz and Kistiakowsky, J. Amer. Chem. Soc., 1934, 56, 395. 

* Brearly, Kistiakowsky, and Stauffer, ]. Amer. Chem. Soc., 1936, 58, 43. 

* Harden and Maccoll, J., 1955, 2454; Harden, J., 1957, 5024. ; 

® Rudy and Fugassi, J. Phys. Chem., 1948, 52, 357; Emovon and Maccoll, “‘ Theoretical Organic 
Chemistry,’’ Butterworths, London, 1959, p. 243. . 
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et al. give b. p. 99-0°/675 mm. (calc.), m,* 1-4058. Hydrogen bromide and cyclohexene were 
prepared as described in Part I. The pentenes used for identifying the products, viz., 2-methyl- 
but-2-ene, 2-methylbut-l-ene, and 3-methylbut-l-ene, obtained from Phillips Petroleum 
Company, were 99% pure. 

Procedure (cf. Parts I—III).—The reaction was followed by observation of the increase in 
pressure (p, and pz; are initial and final pressures): p;/p) = 1-92 + 0-01 (22 values), which is 
a reasonable result for this type of apparatus (cf. Part I). From consideration of the corre- 
sponding case of isobutene, an equilibrium between the pentenes and hydrogen bromide is to be 
expected at lower temperatures; however, as no significant correction for it was necessary in 
the decomposition of t-pentyl bromide * at 233—269°, it was believed to have a negligible effect 
at 308—415°. Decomposition of t-pentyl alcohol alone was not observed at 415°, and this 
agrees with the results of Schultz and Kistiakowsky, so that no corrections for uncatalysed 
reaction were necessary. 

Products.—In two runs, t-pentyl alcohol (239, 167 mm.; 136-6, 95-3 mg.) reacted to com- 
pletion with hydrogen bromide (46, 67 mm.) at 393°. The products were expanded directly 
into a 5-l. bulb containing magnesium perchlorate and calcium hydroxide. After some time 
the remaining gas was trapped and weighed (Found: 107-4, 76-1 mg. Theoretical yield as 
pentene: 108-5, 75-8 mg.). 

t-Pentyl alcohol (201 mm., 112-2 mg.) and hydrogen bromide (47 mm.) reacted to com- 
pletion at 408°. The products were trapped and swept out with dry nitrogen at room temper- 
ature. Water in the residue, which contained no carbonaceous material but some hydrogen 
bromide, was estimated from the microanalysis (Found: 23-9mg. Theoretical yield: 23-0 mg.). 

Pentenes—The gas-liquid chromatography apparatus described in Part III adequately 
separated 2-methylbut-2-ene, 2-methylbut-l-ene, and 3-methylbut-l-ene for which typical 
retention times were 17-9, 13-9, and 8-9 min., respectively. A quantitative estimation of them 
to an accuracy of ca. +2% was made by measuring the areas under the curves, ¢.g., a mixture of 
composition 2-methyl-but-2-ene (74%) and -but-l-ene (26%), measured by pressures, was 
prepared. Analysis as described above gave 2-methyl-but-2-ene (75%) and -but-l-ene (25%). 

t-Pentyl alcohol (256 mm.) and hydrogen bromide (42 mm.) reacted to completion at 393° 
(10°k/Payp, = 280 sec.1mm."%). The products, after being kept over calcium hydroxide and 
magnesium perchlorate, were chromatographed (Found: 2-methylbut-2-ene, 68; 2-methylbut- 
l-ene, 28; 3-methylbut-l-ene, 4%). Similar results (2%) were found from a number of runs. 

Isomerisation of the Methylbutenes.—2-Methylbut-2-ene (144 mm.) and hydrogen bromide 
(57 mm.) reacted for 5 min. at 393°. After the treatment described above, the products were 
2-methylbut-2-ene (69%), 2-methylbut-l-ene (27%), and 3-methylbut-l-ene (4%). 

2-Methylbut-l-ene (150 mm.) and hydrogen bromide (58 mm.) reacted for 5 min. at 393°. 
After treatment as described above, the products were 2-methylbut-2-ene (71%), 2-methylbut- 
l-ene (25%), and 3-methylbut-l-ene (4%). After 40 min. alone at 393°, 2-methylbut-l-ene was 
unchanged. 

No other products were found. If straight-chain pentenes had also been formed in their 
equilibrium proportions, cis- and trans-pent-2-ene would have been produced in easily detectable 
amounts.* Such a reaction would have involved the breaking of the skeletal structure. Under 
our conditions the isomerisation occurs at temperatures above 230° and 290° with hydrogen 
bromide and hydrogen chloride, respectively. The kinetics of this reaction are being 
investigated and it appears that at 393° in the presence of hydrogen bromide isomerisation is 
instantaneous. 

Rates with Added Inhibitor.—The addition of cyclohexene (up to 300 mm.) to the present 
reaction mixtures caused no significant change in rate (Table 3) at 370° or 408°. A value of 
Pi/Po = 1-90 + 0-03 (10 values) was found. 

Homogeneity of the Reaction. —Rates were measured at 344° and 314° in a vessel packed with 
concentric glass tubes at even spacings (ca. 3 mm.) having surface : volume ratio of 7-7 cm.*}, 
i.¢., a value 8 times that of the unpacked vessel. Values of 107k/pyp, of 77 and 32 sec.~? mm.*, 
respectively, were found (Table 4), and these rates are 10% and 30% higher than those found 
in the unpacked vessel. In view of the increase in surface area these increases in rate are not 
significant and the reaction can be considered essentially homogeneous above 314°. A few runs 


cee Proskauer, Riddick, and Toops, ‘‘ Organic Solvents,”’ Interscience, New York, 1955, 
p. 1 
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performed at temperatures below 314° indicate that the Arrhenius plot curves towards lower 
activation energies below 300°, and this, taken in conjunction with the 30% increase in rate at 
314°, may mean the incursion of a heterogeneous reaction below 300°. Similar behaviour was 
found in the case of t-butyl alcohol and hydrogen bromide. 


RESULTS AND DISCUSSION 


In marked contrast to the uncatalysed decomposition,? which does not occur at a 
measurable rate below 487°, the gas-phase dehydration of t-pentyl alcohol catalysed by 
hydrogen bromide occurs at measurable rates in the temperature range 308—415°. The 
reaction is stoicheiometrically t-C;H,,OH + HBr—®» C,H), + H,O + HBr. No gas 
uncondensed at liquid-air temperature was detected. The reaction is of first order in both 
t-pentyl alcohol and hydrogen bromide, since individual runs were of the first order and 
the rate constants were proportional to the pressure of hydrogen bromide: e¢.g., at 344° 
sixteen consistent values of k/pyp, were obtained with initial pressures of 88—413 mm. of 
the alcohol and 24—319 mm. of hydrogen bromide. The rate follows the Arrhenius 
equation k, = 1-02 x 10 exp (—27,100/RT) sec. c.c. mole™, and is 1-6—2-0 times that 
of the similar reaction of t-butyl alcohol. Results are summarised in Tables 1 and 2. 

The reaction is essentially homogeneous, as the small increase in rate which occurs 


TABLE 2. Variation of rate with temperature. 


BOTS... scavcenncessscandenesacs 415-1° 408-9° 392-5° 383-5° 370-8° 365-2° 359-1° 344-6° 328-7° 314-8° 308-6° 
No. Of values  .....0....0000. 4 7 7 10 9 8 9 16 6 Ill 5 
10°k/Puer (sec.4mm.-!) ... 600 515 308 232 160 130 105 69 42 24:2 223 


k/Pupr (sec. mole c.c.) 2580 2190 1280 950 640. 520 415 265 157 + 88 80 


when a packed vessel is used is not comparable with the increase in surface : volume ratio 
(Table 4). Addition of cyclohexene (9—320 mm.), an effective inhibitor of radical chains 
in the decompositions of alkyl bromides,’ has no significant effect on the rate at 370° and 
408° (Table 3). There were no indications of induction periods. These facts, coupled 


TABLE 3. Rates with added cyclohexene. 


I i a ak bite 370-8° 370-8° 370-8° 370-8° 370-8° 370-8° 408-9 408-9° 408-9° 408-9° 408-9° 
Pertien (MMB) .....0csercresees 24 118 120 148 166 320 9 56 82 239 301 
eID saab coapininnaibols 132 133 122 68 210 99 #48 «#8943 «©64306=«685—(COQ 
Pemictty CEB.) occeeseceseree 116 114 105 #175 96 63 115 #120 105 #141 «I 
10°k/Pupr (sec. mm.) ... 161 153 151 151 156 144 530 500 500 480 530 


TABLE 4. Rates in a packed vessel (S[V = 7-7 cm.*). 


DOM. ncn ccddascasiii 344-6° 344-6° 344-6° 344-6° 344-6° 344-6° 314-8° 314-8° 314-8° 314-8° 314-8° 314-8° 
Pusr(mm.) ......... 55 60 72 73 77 99 113 156 164 182 191 237 
SM nxsreranscecens 145 178 151 200 4151 154 186 #4JI17— 152 85 145 95 
I@R (s0c."8) .......0. 40 45 58 55 65 75 35 52 52 65 63 70 
10°k/Pypr (sec. 

MN) ccccoscce 68 73 75 80 75 84 76 31 33 32 36 33 30 


with the low activation energy (27-1 kcal./mole), make it likely that the reaction is a 
molecular one. 

The olefins which result from the elimination under these conditions are 2-methylbut- 
2-ene, 2-methylbut-l-ene, and 3-methylbut-l-ene in approximately equilibrium pro- 
portions (cf. Table 5). However, this proportion is the result of their subsequent 


7 Maccoll and Thomas, J., 1957, 5033. : 

* Calculated from data given by Rossini et al., ‘‘ Selected Values of Physical and Thermodynamic 
Properties of Hydrocarbons and Related Compounds,” Carnegie Press, Pittsburgh, 1953. The estimated 
error allows for a variation of 10%, in the proportions of the major components, 
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TABLE 5. Proportion (%) of methylbutenes in equilibrium® 
Temp. (° k) 300 400 500 600 700 
2-Methylbut-l-ene - 19-8 26-9 33-2 38-0 
3-Methylbut-l-ene ; 0-8 1-8 3-2 4-8 
2-Methylbut-2-ene . 79-4 71-3 ‘ 57-2 
isomerisation in the presence of hydrogen bromide which also accounts for the presence of 
3-methylbut-l-ene. The proportions in which the olefins are produced from the catalysed 
dehydrations and the rates per branch are not known. 


The authors thank Dr. Allan Maccoll for his interest, the Chemical Society and I.C.I.A.N.Z. 
for grants for equipment, and Phillips Petroleum Company for samples of hydrocarbons. 
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779. Alkyl Derivatives of Group I Metals. Part I. Ethylsilver: 
Kinetics of Decomposition in Solution. 


By C. E. H. BAawn and R. JoHNson. 


Ethylsilver, prepared by the reaction of tetraethyl-lead with silver nitrate 
in ethanol solution, has been shown to decompose in accordance with the 
rate equation k = 5-0 x 10® exp (—14,200/RT) sec.! over the range — 50° to 
—20°. The products, namely, C,H,, C,H,, and C,H, 9, are in agreement with 
the decompositon: AgEt— » Ag+ Et. The reasons for the non- 
quantitative yield of hydrocarbons are discussed. 


A sTABLE alkylsilver is formed on reaction of tetra-alky]-lead with silver nitrate in alcohols 
at a sufficiently low temperature. At higher temperatures the alkylsilver decomposes to 
hydrocarbon products. Semerano and Riccobini! prepared methyl-, ethyl-, and propyl- 
silver by the reaction R,Pb + AgNO, —» RAg + R,Pb*NO,, and Glockling ? showed 
that triethylisobut-l-enyl-lead gave exclusively isobut-l-enylsilver. All these alkyl 
metals decomposed readily either in suspension or in solution in alcohols above 0°, with 
deposition of silver and liberation of alkyl radicals. Bawn and Whitby ® showed that 
methylsilver in homogeneous solution decomposed according to a first-order law with the 
quantitative formation of ethane, AgMe —» Ag + 4C,H,, and a detailed study of this 
reaction has recently been made by Costa and Camus.‘ In the present work decomposition 
of ethylsilver has been shown to have similar kinetics and it is proposed that the initial 
reaction is liberation of the ethyl radicals. The hydrocarbon products (ethane, ethylene, 
and butane) are shown to be formed by reaction of C,H, with the solvent and by inter- 
radical reactions. 


EXPERIMENTAL 

Kinetic measurements were carried out under conditions in which the alkylsilver was 
completely in solution (approx. 0-2 g. in 100 c.c. of alcohol), and a five-fold excess of alkyl-lead 
was used to avoid complex formation.! 

It was established that at all temperatures used the yield of silver was quantitative. The 
procedure was as follows: Solutions of silver nitrate and tetra-ethyl-lead in alcohol were pre- 
cooled to the reaction temperature and rapidly mixed. Ethylsilver was formed immediately 
and after a finite time the mixture was quickly cooled to —78°. The silver was collected on a 
No. 4 sintered-glass filter covered with a layer of Gooch asbestos and cooled to —78°. The 
silver was dissolved in concentrated nitric acid and titrated with ammonium thiocyanate. 

' Semerano and Riccobini, Ber., 1941, 74, 1089, 1297. 

* Glockling, J., 1955, 716. 

* Bawn and Whitby, Discuss. Faraday Soc., 1947, 1, 228. 
* Costa and Camus, Gazzetta, 1956, 86, 77. 
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In the determination of the gaseous products the apparatus, procedure, and methods of 
analysis were similar to those described by Bawn and Whitby ® for their study of methylsilver, 

Glycols were estimated and determined by Reinke and Luce’s method. 

Commercial tetraethyl-lead (Associated Ethyl Co.) was purified by Calingaert’s method.* 

Ethyl alcohol was freed from aldehyde by refluxing it with potassium hydroxide and silver 
nitrate, and then distilling it. 

Kinetic Measurements.—The rate of production of silver at four temperatures, as shown in 
Figs. 1 and 2, obeyed the first-order law kt = log, [V../(V.. — V;)] where V,, is the volume of 
0-00965N-ammonium thiocyanate used after complete reaction and V; is the volume used at 


Fic. 1. Fie. 2. 
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Decomposition of ethylsilver at (A) —20°, (B) —30°, (C) —40° and (D) —50°. Fic. 1 is in terms of KCNS 
used in titration of metallic silver formed. Fic. 2 gives first-order plots. 


Time (min) 


time #. The plot of log & against 1/T was linear and corresponded to the rate law k= 
5 x 108 exp (—14,200/RT) sec... A further check on the first-order decomposition law was 
provided by the lack of dependence of the time of half-change on the initial concentration (Table 
1). The change in concentration was limited by the low solubility of the ethylsilver. 


TABLE 1. Time of half-change, AgEt —» Ag + Et. 
Conen. of AgC,H, (10° mole 1.1) 9-94 7-22 9-94 7-22 


Temp. — 20° — 30° —30° 
Time of half-change (min.) 18 57 58 


TABLE 2.* 
Acrylo- Gases 

AgNO, PbEt, nitrile .c. at N.T.P.) Yield 

Temp. (10-4) (10-4) (104m) C,H, C,H, CyHy (Agt = 1C,H,) 
15° 2-82 23-0 — 0-38 2-46 0-37 56-8 
18 3-27 24-5 —- 0-25 2-85 0-37 53-3 
18 3-08 24-5 _— 0-28 2-59 0-35 54-1 
—23 3-08 24-5 _— 0-44 3-00 0-43 63-8 
18 3-50 29-9 300 0-03 0-15 0-07 4-7 


* Many of these analyses were carried out independently by Dr. G. T. Powell and each is the 
average of three or more results. 


Gaseous Products.—Analyses of the gaseous products are summarised in Table 2. The 
concentrations were chosen so that the ethylsilver initially formed was in solution. The results 
differ little for experiments at different temperatures and the yield of hydrocarbon corresponds 
to about 60% of the silver deposited. 


5 Reinke and Luce, Ind. Eng. Chem. ae 1946, 18, 244. 
* Calingaert, Chem. Rev., 1926, 2, 55. 
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In the presence of a large excess of acrylonitrile the formation of polymer was observed from 
the commencement of the decomposition, and gaseous hydrocarbons were practically eliminated. 
A typical result is shown in Table 2. In several other runs no measurable gaseous products 


were obtained. 

In view of the low carbon yield and the possibility that this may have arisen from the 
polymerisation of ethylene formed, experiments were carried out in which the reaction vessel 
was connected to a large storage vessel in which ethylene was maintained at atmospheric 
pressure. No noticeable pressure decrease occurred and thus under reaction conditions similar 
to those in the experiments of Table 2 it appears that neither soluble ethylsilver nor its 
decomposition products bring about the polymerisation of ethylene at temperatures from — 50° 
to room temperature. 


DISCUSSION 


In alcoholic solution silver nitrate reacts with excess of tetra-ethyl-lead very rapidly 
even at —78°, to form ethylsilver. At high concentrations of nitrate the ethylsilver is 
precipitated but under conditions used in the kinetic studies in which the alkylmetal was 
in solution it decomposed according to a first-order law with quantitative deposition of 
silver. The formation of ethane, ethylene, and butane can be explained if the initial 
reaction is the formation of the free alkyl radical, viz., 


Aalitctte Rae Ge. «isdn on tele Jd dell. sect 


The gaseous products result from the following inter-radical and solvent-transfer reactions: 


es eS) re ee rr, 
een Gta. hic) meee at Ae (3) 
Et: + CgH,“OH —t C,H, + CHsCH(OH) . . . . we ee 4) 


Initiation of polymerisation of acrylonitrile supports this scheme and a detailed kinetic 
study of the reaction substantiates it.? The preponderance of ethane in the products 
indicates the major occurrence of reaction (4) since disproportionation should yield 
equivalent amounts of ethane and ethylene. It is interesting that if all the ethane came 
from a reaction between ethyl radicals or between the ethyl radical and ethylsilver, and if 
an equivalent of ethylene were formed simultaneously, then the hydrocarbon yield would 
have been equivalent to the silver formed. Experiments showed, however, that ethylene 
was not lost by polymerisation or by complex formation with the silver or its salts. 
Semerano and Riccobini ! also observed a difficiency of hydrocarbon in their measurements 
of the decomposition of ethylsilver in suspension. They identified diethyl ether as a 
product and suggested that the ethylene was produced in-a special reactive form and 
formed ether by reaction with the solvent. It is more probable that the ether-forming 
reaction was via radicals from the alcohol, viz.: C,H,*O- + C,H, —» (C,H,),0. That 
formation and reaction of radicals from the alcohol did occur was proved by the 
identification of a glycol, probably butane-2,3-diol, in the products: 2CH,*CH(OH):—» 
CH;*CH(OH)-CH(OH)-CH;. Quantitative determination showed that the yield of glycol 
corresponded to 7—13°% of the ethyl radicals reacting according to (4), when calculated on 
the ethane yield. It seems likely that low yields of hydrocarbons, in spite of the quantit- 
ative deposition of silver, miay be due to reaction between the silver ion or undissociated 
salt and an intermediate free radical behaving as a reducing agent, ¢.g.: Ag* + 


CH,-CH(OH): —» Ag + CH,-CH(OH). 
One of us (R. J.) is indebted to the D.S.I.R. for a Maintenance Grant. 


DEPARTMENT OF INORGANIC AND PuysICAL CHEMISTRY, 
LIVERPOOL UNIVERSITY. [Received, February 18th, 1960.] 


? Bawn and Powell, unpublished work. 
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780. Alkyl Derivatives of Group I Metals. Part II.* Properties 
and Reactions of Methylcopper(1) 


By C. E. H. Baww and F. J. WuHitBy. 


The reaction of cupric nitrate and sulphate with tetramethyl-lead in 
methanol and ethanol occurred thus: 


Cutt + PbMe, —t Cut + PbMe,+ + Me 
Cut + PbMeg —t> CuMe + PbMe,* 
CuMe + ROH — 3 CuOR + CH, 


With cupric chloride the main product was methyl chloride: 
2CuCl, + PbMe, —B Cu,Cl, + PbMe,Cl + MeCI 


In the presence of a large excess of the alkyl the following chain reaction was 
set up: 
CuMe + MeOH —— CuOMe + CH, 
CuOMe + PbMe, —— PbMe,°OMe + CuMe 


Tue failure to prepare alky] coppers by norma] methods of synthesis of alkyl metals 
has been attributed to their instability or to their reactivity with organic solvents. For 
instance, Buckton ! failed to isolate an alkyl copper on reaction of cuprous chloride with 
diethylzinc. Wanklyn and Carius? noted that this reaction yielded ethane, butane, and 
ethylene. Reich* observed that adding cuprous iodide to ethereal ethylmagnesium 
bromide cooled in ice-salt led to the deposition of copper and evolution of a gas. He 
concluded that the intermediate CuEt was formed but was unstable at —18°. From studies 
of the same reaction at —80° Gilman and Straley * concluded (a) that a stable solution of 
ethylcopper(1) was formed that decomposed at higher temperatures, and (5) that a 
Grignard compound, reacting with a cupric salt, gave first a cuprous salt, which with 
excess of Grignard reagent formed the alkylcopper(1). They obtained no evidence of the 
existence of alkyl derivatives of copper(II). The formation of methylcopper(!) as a yellow 
precipitate was first observed by Gilman and Woods 5 when they treated methyl-lithium 
with cuprous iodide in dry ether at —15° and cupric nitrate with tetramethyl-lead at 
—70°. The gaseous products of the latter reaction contained ethane and methane, and 
the authors suggested that the former was the product of thermal decomposition of methyl- 
copper(I) and that the methane arose from its partial hydrolysis. 

The present work deals with the nature and mechanism of the tetramethyl-lead-cupric 
salt reaction in alcoholic solution and it is shown that the initial reaction is an electron- 
transfer between the cupric ion and the alkyl-lead with formation of a free radical. In 


Cu*+ + PbR, —t Cut + PbR,* + R 


this respect the process is similar to that observed in the corresponding reaction of the 
silver nitrate with alkyl-leads.6 Methylcopper(1) is formed by a secondary reaction of the 
cuprous ion with alkyl-lead: 


Cut + PbR, — CuR + PbR,*+ 


Some of the properties and reactions of methylcopper(I) are reported. The following 
paper reports a detailed study of the corresponding reactions leading to ethylcopper(|). 


* Part I, preceding paper. 

1 Buckton, Annalen, 1859, 109, 225. 

* Wanklyn and Carius, Annalen, 1861, 120, 69. 

* Reich, Compt. rend., 1923, 117, 322. 

* Gilman and Straley, Rec. Trav. chim., 1936, 55, 821. 

* Gilman and Woods, J. Amer. Chem. Soc., 1943, 65, 435. 

* Bawn and Whitby, Discuss. Faraday Soc., 1947,1, 228; Glockling, J., 1955, 716; Spice and Twist, 
J., 1956, 3319. 
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EXPERIMENTAL 


The reaction between cupric nitrate, sulphate, and chloride, and tetramethyl-lead in 
alcoholic solution was investigated by the use of the apparatus described by Bawn and Whitby.* 
Solutions were mixed in the absence of air and moisture. The gases evolved at various tem- 
peratures were removed by a Toepler pump and analysed for methane, ethane, and butane by 
methods previously described. 

Tetramethyl-lead was prepared by Calingaert’s method’ and was fractionally distilled 
(b. p. 26—28°/40 mm.). 

Methyl and ethyl alcohol were purified as described by Walden, Ulich, and Laun.*® 

Salts used were of ‘‘AnalaR’”’ grade. The salt Cu(NO,),,3H,O was dehydrated by Ditte’s 
method.° 


RESULTS AND DISCUSSION 


A primrose-yellow precipitate of methylcopper(1) is formed when alcoholic solutions of 
copper nitrate and tetramethyl-lead are mixed at temperatures (both solutions) from —78° 
to 30°. At room temperature the yellow solid slowly becomes orange, and finally orange-brown 
with gas evolution. The gaseous products (Table 1) consisted of ethane and methane in the 
ratio 1: 2 and this ratio was not changed by small changes in (a) cupric-ion concentration, 
(b) tetramethyl-lead concentration, or (c) presence of water in the alcohol or complete removal 


TABLE 1. Reaction between Cu(NO,).,3H,O and PbMe, in ethanol (100 mi.). 


Initial concentrations he ed 


Cu(NO,),,3H,O PbMe, C,H, CH, Ratio (Cu** = 
Temp. Conditions 10m 10°m (10 mole) (10-* mole) C,H, : CH, 2Me) 
15-0° Cu(NO,),,3H,0. 2-55 1-80 1-40 2-47 0-57 92-9 
Dry EtOH 
s = 2-55 1-80 1-45 2-46 0-59 100-8 
¥ a 2-55 1-43 1-32 2-83 0-47 103-0 
Cu(NO,), (anhyd.). 1-80 0-51 1-10 0-47 
Dry EtOH 
Cu(NO,),,3H,O. 2-55 1-43 1-10 2-40 0-46 87-1 
4-8% Aq. EtOH 
Cu(NO,),,3H,O. 2-55 1-80 1-50 2-59 0-58 105-5 
20% Aq. EtOH 


* The low yield in this run was due to the fact that it was for only 3 hr. and reaction was not 
complete. 


of water. The primrose solid seems to be identical with the product obtained ® by the action 
of methylmagnesium iodide on dry cuprous iodide at — 20° and by the action of methyl-lithium 
on cuprous iodide at —15°. Results discussed below establish the formula CuMe, and no 
evidence was obtained in this work for the existence of methylcopper(11). 

The experimental results can be explained in terms of the mechanism: 


Cu*+ + PMe, —— Cut + PbMe,t + Mes 
2Me: —— C,H, . 
Cut + PbMe, —— CuMe + PbMe,t 
CuMe + MeOH (EtOH) ——t CuOMe (CuOEt) + CH, 


Reactions (2) and (3) are analogous to the reaction of silver ion with lead alkyls: 
Agt + PbMe, —— AgMe +- PbMe,t —— Ag + C,H, 


The methylsilver is unstable in alcoholic solution and decomposes rapidly above — 20° to give 
a quantitative yield of ethane.® 

The proof of the proposed scheme was provided by the separate investigation of reactions 
(1), (3), and (4). 

? Calingaert, Chem. Reviews, 1926, 2, 55. 


* Walden, Ulich, and Laun, Z. phys. Chem., 1924, 114, 275. 
* Ditte, Compt. rend., 1879, 89, 576, 641. 
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In the presence of excess of Cu** the alkyl-lead would be consumed largely by reaction (1) 
unless reaction (3) was extremely fast compared with (1). In the presence of a 1-5 to 3-folq 
excess of Cu** the colour of the cupric ion was not discharged, no yellow precipitate formed, 
and the gaseous product was almost entirely ethane (Table 2). The low carbon yields (63-8%, 
77-4%, calculated on the initial alkyl added) on the cleavage of the methyl group were due 
to considerable loss of alkyl-lead on initial evacuation of the system. 

On reaction in ethanol at —40° the only gaseous product was ethane [reactions (1) and (2)] 
but at room temperature the yellow precipitate formed reacted with the ethanol to give methane 
exclusively (Table 2). The results were the same for methanol solutions (Table 3) and it is 
apparent that the carbon yield (as gas) was approximately equivalent to three methyl groups 
per cupric ion, and not two as in ethyl alcohol. This is shown below to be the result of a chain 
reaction, but it will be noted that the yield of ethane is just that required by reactions (1) 
and (2). 


TABLE 2. The Cu(NO,).,3H,O-PbMe, reaction in ethanol (100 mi.). 
CH, C,H, Carbon 


Temp. at Cu(NO,),,3H,O PbMe, (c.c. at (c.c. at Ratio yield (%) 
stage 1 stage 2 (10-8m) (10-*m) (N.T.P.) N.T.P.) C,H,: CH, (Cu** = 2Me) 
—40-0° 2-55 3-73 0-00 1-91 } 0-46 110-0 
+20-0° 6-83 1-24 

—35-0 2-55 1-87 0-32 3-04 } 0-50 110-6 
+20-0 6-23 0-26 

—3-0 2-55 1-87 4-08 3-01 } 0-59 100-8 
+20-0 1-42 0-24 

—40-0 2-52 0-45 3-11 0-15 63-8 

24-0 — 5-03 0-45 3-80 0-13 77-4 


TABLE 3. The copper salt—tetramethyl-lead reaction in methanol. 


PbMe, = 1-87 x 10m; Cu(NO,),,3H,O = 1-91 x 10-‘m (results 1—2). Cu(SO,),,5H,O = 1-92 x 
10-*m (results 3 & 5). F 


Temp. at CH, (c.c. at C,H, (c.c. at Ratio Carbon yield (%) 
No. stage 1 stage 2 N.T.P.) N.T.P.) C,H, : CH, (Cut = 3Me) 
1 —45° 0-00 214} g.97 107-0 
+18° 9-25 0-40 
2 —45 0-00 2-24 114-8 
+18 9-66 O61 + (O88 
3 —40 “a 0-00 2-11 
4 —45* ~~ 0-00 2-15 
5 —50 - 0-00 1-84 


* Anhydrous 


° 


opper sulphate (1-92 x 10-‘m). 


Analogous results were obtained when cupric sulphate was used (Table 3), ethane being 
the sole gaseous product at —45°. When the reaction mixture warmed to room temperature, 
methane was evolved (Table 4). The high yield was shown to be the result of a chain reaction 
which occurs in the presence of excess of alkyl-lead. 


TABLE 4. The cupric sulphate-tetramethyl-lead reaction in dry methanol. 


Cu** PbMe, Duration CH, C,H, Ratio Carbon yield (%) 
(10m) (10"m)_—s Temp. = (hr.) = (10m) «= (10m), CH: CH, = (Cu®* = 2Me) 
° 
1-92 aie are i | 3-46 156 
— rer { 3D ee eS 2-72 10-24 — 
1-92 a3 { 755 te 1-32 1-86 1-41 130 
1-92 ver { TS — oe 1-53 0-72 135 
1-92 acs { I on 6} (14-95 1-78 0-12 482 


Total vol. of solvent = 105 ml. except in the second (85 ml.) and fourth experiment (49 ml.). 
CuSO,,5H,O was used in all runs except the second, where the anhydrous salt was used. 
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The composition and yield of the products from anhydrous cupric chloride were very different 
from’ those obtained from cupric nitrate and sulphate under similar conditions (Table 5). 
The main product was methyl chloride, formed by the reaction: 


2CuCl, + PbMe,g —t> 2CuC! + PbMe,Cl + MeCI 


The small yield of ethane came from reactions (1) and (2), and the cuprous chloride formed, 
being insoluble and un-ionised, did not undergo reaction (3). 
In the presence of polymerisable monomers (styrene or acrylonitrile) the formation of 
us hydrocarbons was very considerably reduced (Table 6) and polymer was precipitated. 
No methylcopper was formed and this was shown to be partly due to the complexing-formation 
by, or adsorption of, the cuprous ion with the monomer and polymer respectively. These 
results are in accordance with the formation of free radicals and this is substantiated by kinetic 
studies of the polymerisation of styrene and acrylonitrile to be described later. 
The reason why the yield of methane in the copper nitrate-tetramethyl-lead reaction in 


TABLE 5. Reaction between CuCl, and PbMe, in dry ethanol. 


C, hydro- Carbon 
Cu*+ PbMe, Duration MeCl carbon Ratio yield (%) 
(10-*m) (10->m) Temp. (hr.) (10“* mole) (10-5 mole) C,:C, (Cu** = 1Me) 
ate 1-87 +18° — 1-14 0-92 0-081 _ 
3-75 ww { oS an 1-54 0-093 52-4 
3-52 mm { 2S — 1h: see 1-64 0-123 47-0 
6-09 208 { Tie . } oe 2-16 0-125 35-5 
3-75 187 { Tie io) 1-37 0-090 48:3 


In the first experiment the anhydrous salt was used. The total volume of ethanol was 105 ml. in 
all experiments, except the fourth where 40 ml. were used. 


TABLE 6. Reaction of Cu®* with PbMe, in ethanol (100 ml.) in presence of styrene. 


CuNO,,3H,O Styrene C,H, CH, Carbon yield (%) 
Temp. (10-*m) (10-2m) ‘(10-* mole) (10-5 mole) (Cu** = 2Me) 
+18° 1-99 2-62 10-8 4-2 15-9 
—20 2-36 15-60 0-89 5-8 12-6 
+40 2-36 21-90 1-74 4-4 10-1 


TABLE 7. Reaction of Cu(NO,).,3H,O with PbMe, im methanol at room temperature. 
[Cu**+] = 1-99 x 10-* mM, and excess of PbMe,. 


Carbon 
PbMe, Duration MeOH C,H, CH, Ratio yield (%) 
(10-*m) (hr.) (ml.) (10-* mole) (10-* mole) C,H, : CH, (Cu*+ = 2Me) 
18-7 ll 104 1-14 4-13 0-274 160-5 
18-7 20 104 1-27 4:32 0-294 171-8 
29-8 17 109 1-18 5-95 0-199 209-3 
29-8 60 104 1-19 11-19 0-107 338-6 
29-8 500 104 1-35 20-62 0-065 585-0 
37-4 12 104 1-19 7-80 0-153 250-5 
44-8 38 104 1-12 11-58 0-097 347-5 
44-8 96 *104 1-14 18-34 0-063 518-0 
59-7 18 104 1-15 9-22 0-124 288-6 
59-7 40 104 1-17 16-90 0-069 483-0 
59-7 161 104 1-38 26-62 0-052 737-0 
29-8 20 44 1-01 8-80 0-115 272-0 


methyl alcohol (but not in ethyl alcohol) was larger than required by the reactions (3) and (4) 
was elucidated by measurements of the yields of methane from solutions containing a large 
excess of tetramethyl-lead. The results (Table 7 and Figure) show that, other conditions being 
constant, the amount of methane increases with the amount of tetramethyl-lead and the time 
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of reaction, and that the rate of methane production depends on the initial amount of alkyj- 
metal. These facts accord with the occurrence of a chain reaction and evidence for the following 
sequence is discussed below: 


CuMe + MeOH ——% CuOMe + CH, i a i a i Se 
CuOMe + PbMe,g —— PbMeyOMe+CuMe . . . . »- «. . . 6 


Although methylcopper(1) reacts with water the methane formed cannot be ascribed to the 
use of hydrated salts since as shown in Table 1 the ratio C,H, : CH, is not dependent-on the 
degree of hydration, nor could such a reaction explain the high yields of methane (Table 9), 
Further, the results reported in the following paper require the intermediate formation of 
cuprous ethoxide. 

The experimental facts did not agree with an alternative scheme involving liberation of a 
free methyl radical as has been observed in the analogous reaction of isobut-l-enylsilver 


Dependence of yield of methane on amount of PbMe,. 
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[PbMe,] = (A) 5-97, (B) 4-48, (C) 2-98 x 10-m. Inset, [PbMe,] = 2-98 x 10-*m. 


since under the same reaction conditions the yield of methane was not markedly increased when 
a large excess of tetramethyl-lead reacted with copper nitrate in ethanol (Table 8). 


TABLE 8. Reaction of Cu(NO,).,3H,O with PbMe, (excess) in ethanol (104 mi.). 


Carbon 
Cu** PbMe, Duration C,H, CH, Ratio yield (%) 
(10m)  (10-*m) «= Temp. (hr.) (10-* mole) (10-* mole) C,H,:CH, (Cut = 2Me) 
2-65 18-7 22 1-45 2-46 0-590 100-8 
2-65 18-7 40 1-47 2-92 0-504 110-6 
2-65 37-4 12 1-41 3-05 0-462 110-0 
1-99 44-8 18 1-06 2-96 0-359 127-5 


1-99 37-4 { 2 0-97 3-26 0-297 133-0 
1-99 374 { JP ro 1-01 3-24 0-313 132-1 


It is therefore concluded that reaction (7) is slow compared with (6). This may be partly 
due to the much lower solubility of the copper ethoxide. 


CuOEt + PbMe, —— CuMe+ PbMe,OEFt . . . ....- + & 


Methylcopper(1), prepared by reaction of cupric nitrate and tetramethyl-lead at —35°, was 
separated by filtration at —78° under nitrogen. Suspensions in methanol and ethanol were 
decomposed at room temperature and the evolved gases and the residue were analysed. The 


1 Glockling, J., 1955, 716. 





(1960) Alkyl Derivatives of Group I Metals. Part II. 3931 


results summarised in Table 9 show that the yield of methane based on the amount of copper 
present was almost quantitatively in accordance with reaction (5). The departure from.100% 


TABLE 9. Decomp. of CuMe (ca. 4 x 10 mole) in MeOH and EtOH at room 
temperature. 

Alcohol Time of decomp. Cu?** in residue CH, C,H, CH, yield (% 

(14 ml.) (hr.) (10-4 g.-ion) (10-* mole) (10-* mole) (Cu?* = 1Me) 

MeOH 40 4-76 4-10 0-214 86-2 

a 35 3-13 2-88 0-084 92:1 
EtOH 16 5-00 4-48 0-364 89-7 
~ 23 5-18 4:72 0-122 91-2 
was due to slight reaction with the alcohol during handling at —35°. The results show that 
composition of the methylcopper(!I) was independent of the alcohol used. 

When methylcopper(1) was treated with methanol containing tetramethyl-lead, the vigorous 
alcoholysis at room temperature was followed by a slow formation of methane (many days). 
Although this reaction was never taken to completion, the balance between the alkyl-lead 
consumed (Table 10) and the methane produced [reactions (5) and (6)] was within the limits 
of experimental error. The corresponding reaction in ethanol gave only an 8—10% increase 
in yield of methane after 3 days, confirming the slowness of reaction (7). 


TABLE 10. Decomposition of CuMe in alcohols containing tetramethyl-lead. 
Solvent , ; Moles of 
used for Details of decomp. PbMe, PbMe, CH, Cuttin CH, formed 

prep. Alcohol Duration added unused formed residue per mole of 
at —35° Alcohol (ml.) (hr.) (10-* mole) (10-*m) * (10-* mole) (10-'m) PbMe, used f 
MeOH MeOH 72 17-16 5-66 19-68 6-01 1-19 
” ” 81 14-93 7-13 13-89 5-76 1-04 
EtOH EtOH 74 14-93 12-40 3-43 3°45 99-4% 
carbon yield t 
MeOH EtOH 73 14-93 — 3-45 2-98 115-8% 
carbon yield ¢ 
All solvents were dry. Only traces of ethane were formed. 
* Estimated by silver formed when alkyl-metal reacts with silver nitrate. 
+ The CH, produced from the alkyl-lead is calculated by assuming a 100% yield of CH, from the 
initial alcoholysis of methyl copper. 
¢ Carbon yields are based on methane formed and copper in residue (Cu** = 1Me). 


The orange-brown residue which remained after removal of all the solvent became deep 
brown on exposure to air or on addition of water. A similar product was obtained on adding 
water to methylcopper(1). It was soluble in hydrochloric or nitric acid, to form the charac- 
teristic blue copper salt solutions. These results suggest that the orange precipitate was 
cuprous alkoxide and that both this and methylcopper(1) were readily hydrolysed to cuprous 
oxide or hydroxide. No reference has been found to the previous preparation of cuprous 
alkoxides, but cupric methoxide and ethoxide have been prepared as blue or green precipitates 
on electrolysis of sodium methoxide at copper electrodes and by the action of sodium alkoxides 
on cupric chloride.!* 


DEPARTMENT OF INORGANIC AND PHYSICAL CHEMISTRY, 
LIVERPOOL UNIVERSITY. (Received, February 18th, 1960.] 


1 Szilard, Z. Elektrochem., 1906, 12, 393. 
12 German and Brandon, J., 1942, 526. 
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781. Benzyloxyl Radicals in Benzyl Nitrite Pyrolyses. 
By Peter Gray, P. RATHBONE, and A. WILLIAMS. 


Thermal decomposition of benzyl nitrite has been studied at 100—215° 
in the liquid, the gas, and solution. Decomposition occurs by O-N bond 
fission: Ph*CH,-O-NO —» Ph:CH,°O: + NO. In the gaseous phase and in 
solvents such as cumene, the kinetics are approximately first-order. In 
cumene solution, benzyl alcohol is the predominant product. In the gaseous 
phase, in inert solvents, and in the pure liquid, although the carbon skeleton 
survives, reaction is more extensive and benzaldehyde and benzoic acid are 
also formed. The nitric oxide is extensively reduced to nitrous oxide and 
nitrogen. Reaction in the pure liquid is autocatalytic and the benzoyl radical 
Ph-CO-, formed from benzaldehyde, plays an important part. 

The benzyloxy] radical is compared with other primary radicals and other 
homologues. It is unusually stable; the thermochemical basis of this is 
discussed. 


PYROLYSES of nitrites were first studied by Steacie } and by Rice and Rodowskas.?_ They 
worked on thermal decomposition in the gaseous phase, at less than 1 atmosphere and 
temperatures usually in the region of 170—240° c, studying the methyl, ethyl, n- and iso- 
propyl, and n-butyl esters. Decompositions were followed by measurements of pressure 
change. The reactions were homogeneous and obeyed first-order kinetics with activation 
energies near 37 kcal. mole and pre-exponential factors near 10% sec.1. Oxygen- 
nitrogen bond fission was written as the initiating and rate-determining step, and nitric 
oxide, alcohol, and aldehyde were postulated as the final products from a primary nitrite: 


(1) ReCHyO*NO —t R-CH,O + NO’ 
(2) 2R*CHyO"NO ——B RCH4°OH ++ R‘CHO + 2NO 


Interest is thus added to these nitrites as convenient sources of alkoxyl radicals. The 

vapour-phase decomposition of the lower alkyl nitrite has continued to receive most 

attention “5 and less is known about the higher alkyl nitrites and about liquid-phase 

decompositions, although a small number of higher alkyl nitrites has been examined in 

the liquid phase. These include t-butyl nitrite in cumene,® (—)-octy] nitrite in a number 

of solvents,’ (+-)-l-methylheptyl nitrite as the pure liquid,’ and both s-butyl and 1-ethyl- 

propyl nitrite ® in the presence of diacetyl peroxide. The high yields of alcohols formed 

in the presence of hydrogen-atom donors such as cumene, and the complete retention of 

configuration in the octanol from (+)-1-methylheptyl nitrite,’ are in accord with the same 

initiating step of O-N bond fission. However, the stoicheiometry of the overall reactions 

has not been adequately established and kinetic data are not available which would 

establish whether O-N bond fission is also rate-determining. Even the best work® 

accounts for only 85°, of the products. However, it is apparent that reaction does not 

end with the products of equation (2), even though it is initiated according to equation (1). 

First, some nitric oxide is reduced. Even in the low-temperature pyrolysis of methyl 

nitrite, 0-13 mole of nitrous oxide per mole of nitrite is produced; ! the same reduction 

occurs with ethyl nitrite" and higher alkyl nitrites* 2 yield appreciable amounts of 
1 Steacie, ‘“‘ Atomic and Free Radical Reactions,’’ Reinhold Publ. Corpn., New York, 1946. 

Rice and Rodowskas, J]. Amer. Chem. Soc., 1935, 57, 350. 

Gray and Williams, Chem. Rev., 1959, 59, 239. 

Adler, Gray, and Pratt, Chem. and Ind., 1955, 1517. 

Gowenlock and Trotman, J., 1955, 4190. 

Yoffe, Research, 1954, 7, 44. 

Gingras and Waters, J., 1954, 3508. 

Kornblum and Oliveto, J. Amer. Chem. Soc., 1949, '71, 226. 

Kharasch, Meltzer, and Nudenberg, J. Org. Chem., 1957, 22, 37. 

Williams, Ph.D. Diss., Leeds, 1959. 


Levy, J. Amer. Chem. Soc., 1956, 78, 1780. 
Rathbone, unpublished work, 1959. 
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nitrogen. Secondly, some of the alkoxyl radicals decompose 4 to alkyl radicals. Nitrite 
esters are, in fact, excellent indirect pyrolytic sources of hydrocarbon radicals and. have 
been used 13 to prepare such unusual radicals as -CH,°CN, cyclopropyl, cyclobutyl, cyclo- 
pentyl, and cyclohexyl in addition to the commoner alkyls. In the presence of nitric oxide, 
alkyl radicals also yield the corresponding nitrosoalkanes and these are characteristic 
products of many nitrite pyrolyses.5 

Very little is known of benzyl nitrite and its homologues or of the benzyloxyl radical 
Ph:CH,°O*. Doubt has been expressed about the resemblance of this nitrite to other 
nitrites > and about the decomposition 1° of the radical to formaldehyde and free phenyl: 


(3) Ph*CH,*O* —— Ph: + CH,O AH = 16:3 kcal. mole? 


This present paper reports a study of the réle of the benzyloxyl radical in decomposition of 
benzyl nitrite in the gas phase, in the pure liquid, and in inert and active solvents. It aims 
to establish the stoicheiometry of decomposition, the overall reaction order, velocity 
constant, and approximate Arrhenius parameters, and the nature of the initial step, and 
to investigate the possible participation of alkoxyl radicals. While it in not possible 
to set up a unique detailed mechanism, an outline is suggested which is concordant with 
the results. 
EXPERIMENTAL 


Materials.—Benzyl nitrite was prepared by the slow addition of benzyl alcohol, dissolved 
in sulphuric acid, to ice-cold aqueous sodium nitrite. The crude product was washed success- 
ively with saturated sodium chloride solution and dilute sodium hydrogen carbonate solution. 
It was dried and stored over anhydrous magnesium oxide, and finally purified by vacuum- 
distillation; the middle fraction was retained. It was stored in vacuo in the dark, in a trap 
cooled by liquid nitrogen. 

As full infrared and ultraviolet spectra of liquid benzyl nitrite have not been previously 
published they were recorded. A thin liquid film examined in a Grubb—Parsons double-beam 
recording infrared spectrometer showed absorption maxima at 3-30m, 3-40m, 6-05vs, 6-2ls, 
666m, 6-89m, 7-34vs, 8-00w, 8-25m, 9-27w, 9-75m, 10-21m, 11-0lm, 12-25s, 12-72vs, 13-4lvs, 
and 14:34vs cm... The characteristic doubling * due to the presence of rotational isomers 
was apparent. 

Ultraviolet spectra of solutions in cumene and light petroleum recorded on an Optica 
double-beam absorption spectrometer showed absorption maxima at 318 (infl., « 20-1), 327 
(29-2), 337 (45-8), 348 (64-4), 359 (76-1), 371 (67-8), and 384 muy (infl., 37-2), the figures in 
parentheses being absorption coefficients of light petroleum solutions. This is the familiar 
pattern of primary nitrite absorption bands.15 

Benzyl alcohol, cumene, chlorobenzene, and benzaldehyde were purchased from B.D.H.; 
the benzaldehyde was thoroughly degassed and purified by fractional distillation in vacuo, 
before use. 

Di-t-butyl peroxide was obtained from Laporte Chemical Industries. The nitric oxide was 
prepared by the action of acidified ferrous sulphate solution on sodium nitrite, in a nitrogen 
atmosphere. The crude gas was condensed out at —196° and subsequently warmed to —78°, 
the nitric oxide boiling off from the impurities: this procedure was repeated three times. When 
necessary, the gas was freed from nitrous oxide by sublimation at 1 cm. 

Cylinders of nitrous oxide and oxygen-free nitrogen were obtained from British Oxygen 
Gases Ltd., and of carbon dioxide from the Carbon Dioxide Campany Ltd. 

Before use, the nitric oxide, nitrous oxide, and carbon dioxide were freed from traces of 
permanent gases by freezing and evacuation at — 196°. 

Procedure for Liquid-phase Decompositions.—The liquid-phase decompositions were carried 
out in the apparatus illustrated in Fig. 1. Reaction vessel A was used for the decompositions 
of benzyl nitrite in cumene, in which the benzyl alcohol yield was measured as a function of time. 
Reaction vessel B was used for aH the other decompositions. 


8 Lossing, personal communication, 1959. 

™ Tarte, J. Chem. Phys., 1952, 20, 1570. 
_ ™® Ungnade and Smiley, J. Org. Chem., 1956, 21, 993; see also Gillam and Stern, ‘‘ Electronic Absorp- 
tion Spectroscopy,” Arnold Ltd., London, 1957. 
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The reaction vessel containing a weighed sample of reactants was connected to the 
apparatus, cooled to —78°, and the system was evacuated through T1 and degassed for at least 
15 min. The desired gaseous atmosphere was added to the system through tap 72. Residual 
air was removed from the gas-inlet tube by passing a stream of gas out through 72 for a short 
period before the experiment and following this by evacuation and flushing of the system with 
gas three times; 75 was kept closed during the latter operation. The pressure and volume of 
the gas were noted after the reaction vessel had been warmed to room temperature. 

The reaction vessel was kept at a constant temperature by the vapour of a boiling liquid. 
When pure liquid benzyl nitrite was decomposed, the progress of the decomposition was 
followed by measurement of gas evolution, and also by analysis of the gaseous products at 
various stages of decompositions from 15 to 100%. The liquid products were weighed in some 
of the runs carried to complete decomposition in order to check the gas analysis. Decom- 
position in dilute solution in cumene was followed both by gas evolution and by benzyl alcohol 
production. 

Procedure for Gas-phase Decomposition.—Decomposition of benzyl nitrite in the gas-phase 
was carried out in a static decomposition apparatus. A ‘‘ Pyrex” reaction vessel (volume ca, 


Fic. 1. Apparatus used for studying liquid-phase decomposition. Vessel A used for cumene solutions; 
B for pure nitrite. 
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80 ml.) was connected to a conventional vacuum-line. The reaction bulb was heated to a tem- 
perature of ca. 200° by means of an easily removable furnace, its temperature being measured 
by a mercury thermometer. The pressure in the reaction vessel was measured by a capillary 
mercury manometer heated to 80° to prevent condensation. 

Benzyl nitrite was distilled into the reaction vessel which was cooled in liquid nitrogen after 
removal of the furnace. The furnace was replaced, the apparatus heated to 120°, and the 
(initial) pressure at this temperature measured. Additives were admitted in a similar way. 
To study the decomposition, the furnace at 120° was quickly replaced by one at the required 
temperature. The time required for the reaction vessel to attain the required temperature was 
ca. 1 min. 

The reaction was then followed by measuring the pressure change accompanying the reaction. 
The condensable products were distilled into a small trap which was removed for their analysis. 
The gaseous products were expanded into an infrared cell. 

Analysis of Gaseous Products from Liquid- and Gas-phase Decompositions.—The gaseous 
products of decomposition contained nitrogen and nitric oxide together with small quantities 
of nitrous oxide and carbon dioxide. No carbon monoxide was detected. Similar analytical 
methods were used for the products of the gas- and liquid-phase decompositions. For the 
estimation of nitrogen, the two traps were cooled to —196°, at which temperature the nitric 
and nitrous oxides and carbon dioxide condensed. To facilitate condensation, the gases were 
circulated through cold traps by means of the gas burette. The non-condensable nitrogen was 
then measured. Experiments with artificial mixtures indicated that the method was satisfac- 
tory within 2% for the compositions encountered. Nitric and nitrous oxides and carbon dioxide 
were determined from infrared absorption spectra, by means of their maxima at 5-2, 4-5, and 
4-3 u, respectively. To minimise variable errors due to pressure broadening, all absorption 
spectra were recorded at a total pressure of one atmosphere, nitrogen being added if necessary. 
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Calibration curves of optical density against partial pressure (also at a fotal pressure of one 
atmosphere) were used. All infrared spectra were recorded by a Grubb—Parsons double-beam 
trophotometer. 

The yields of nitrous oxide and nitric oxide calculated from the infrared spectra were found 
to be in fairly good agreement with the yields measured by the gas burette. However, where 
the yield of nitric oxide was small, the infrared analysis often gave a considerably lower value. 
In these cases, the error is assumed to be in the nitric oxide determination. The extinction 
coefficient for nitric oxide is much less than for nitrous oxide or carbon dioxide, and hence the 
accuracy of the nitric oxide estimation is much less than that for the other gases. 

Analysis of Liquid Products of Liquid- and Gas-phase Decompositions.—The liquid products 
of decompositions contained benzaldehyde, benzoic acid, and benzyl alcohol, together with 
small amounts of benzyl benzoate. Different techniques were required for the quantitative 
estimation of products of gas- and liquid-phase decompositions because of the different amounts 
of material available. 

(a) Liquid-phase decomposition. Benzaldehyde was characterised as its 2,4-dinitrophenyl- 
hydrazone, m. p. and mixed m. p. 234°, which was also used for the quantitative determination. 
Estimation on a standard equimolar mixture of benzyl alcohol and benzaldehyde was 94% 
efficient; a correction factor based on this was used for the actual determinations. Benzoic 
acid was isolated from the products by extraction with sodium hydroxide and acidification 
with hydrochloric acid, and, recrystallised from hot water, had m. p. and mixed m. p. 122°. It 
was estimated quantitatively by titration (phenolphthalein). Benzyl alcohol was identified by 
its b. p. and by comparison of the infrared spectrum of the products with that of an authentic 
sample. It was estimated quantitatively against standard solutions in cumene or chloro- 
benzene from the 2-65 » peak (hydroxyl stretching frequency). 

(b) Gas-phase decompositions—The same substances were present among these products 
and were analysed by ultraviolet absorption spectroscopy. Optical densities of a methanolic 
solution of the products were measured at 5 my intervals from 250 to 280 my, and their 
individual contributions of acid, aldehyde, and alcohol deduced. In addition, chemical analyses 
were made for benzoic acid (by titration with n/200-alkali) and for benzaldehyde (by preliminary 
oxidation to acid followed by titration). 

The products contained about 5% by weight of an involatile residue. This was principally 
a colourless liquid of high b. p., found by infrared absorption to contain benzyl benzoate (b. p. 
321°) which was estimated by the absorption maxima at 7-85 and 9-0. There was also a gum 
thought to be a nitroso-derivative.” 


RESULTS 


Decomposition of Pure Liquid Benzyl Nitrite——Under ordinary conditions of storage, i.e., 
exposure to light at room temperature, liquid benzyl nitrite decomposes slowly to benzaldehyde, 
benzoic acid, and, in the presence of air, nitrogen dioxide; after about a week, a pale yellow 
solid remains, consisting mainly of benzoic acid. Benzyl nitrite was therefore always stored 
in vacuo in the dark in a liquid nitrogen-cooled trap. 

Stoicheiometry.—In the absence of air and in an inert atmosphere of, e.g., nitrogen or carbon 
dioxide, decomposition is conveniently rapid at 100°. The pale yellow benzyl nitrite gradu- 
ally deepens in colour, finally becoming dark brown. The products of decomposition are 
benzaldehyde, benzyl alcohol, benzoic acid, small quantities of benzyl benzoate, nitric oxide, 
nitrogen, small quantities of nitrous oxide, carbon dioxide, and water. Neither nitrosobenzene 
nor formaldehyde is obtained. 

Pure liquid benzyl nitrite. was decomposed at 100° and 132°; at the lower temperature, 
decomposition was practically complete after 5 hr., and at the higher temperature, after about 
90 min. Some of the decompositions were carried to completion, and the remainder stopped 
after various times. The results are summarised in Table 1. Decompositions were carried out 
in inert atmospheres of nitrogen and carbon dioxide and also in nitric and nitrous oxide 
atmospheres, to see if these have aay effect upon the decomposition. The yield of benzaldehyde 
is at least twice that of benzyl alcohol, and the benzoic acid yield is of the order of 10%. The 
yield of nitric oxide on decomposition at 132° is only about 36% of the value expected from the 
Steacie equation. The composition of the gaseous products appeared to alter slowly during the 
decomposition; the percentage of both nitrous oxide and nitrogen appeared to increase slightly. 
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The detailed experimental results (cf. Table 1) of decomposition at 100° and 132° may be 
conveniently represented by the overall equations: 


At 100°: 


1-00Ph-CH,°O-NO —» 0-53Ph’CHO + 0-22Ph-CH,°OH + 0-15Ph-CO,H + 0-25NO 
+ 0-26N, + 0-018H,O + 0-011CO, + “ Co ggHy seNo.1sOo.¢5 ” 
At 132°: 
1-00Ph-CH,°O-NO —» 0-44Ph-CHO + 0-22Ph-CH,°OH + 0-11Ph-CO,H + 0-36NO 
+ 0-24N, + 0-021N,O + 0-025CO, + “ Cy ssHy.94No.120o.¢9 ” 


The decomposition temperature affects the product composition. At 100° about 90% of the 
phenyl groups are accounted for as Ph‘CHO, Ph-CH,°OH, or Ph-CO,H; the remainder are ip 
the residue. At 132°, the higher, condensed products account for a larger percentage of 
the phenyl groups and only 80% are accounted for as Ph°CHO, Ph°CH,°OH, or Ph-CO,H, 
Increasing the decomposition temperature decreases the yield of benzaldehyde from 0-53 to 
0-44 mole per mole of initial nitrite, and that of benzoic acid from 0-15 to 0-11 mole: 
the yields of benzyl alcohol and nitrogen are unaffected, but that of nitric oxide is increased 


TABLE 1. Product analysis of decomposition of liquid (runs 1—20) and gaseous (runs 
35—40) benzyl nitrite. 


The products are expressed in moles per 100 moles of initial benzyl] nitrite. 





Product yields 
Decomp. — A— a, 
Run time Gas 
no. (min.) Ph‘CHO Ph°CO,H Ph:CH,OH NO N,O N, co, (total) 
Decomp. at 100° 
1 81 7-9 0-05 7-4 0-2 15 
2 145 18 1-3 18 0-7 38 
3 198 47 
4 210 51 53 
5 220 52 . 54 
6 400 53 15 22 
33 380 25 1-8 26 1-1 54 
Decomp. at 132° 
7 10 71 0-05 3-7 ll 
8 70 11 20 56 
9 122 35 1-4 25 1-4 63 
10 174 40 13 37 1-4 25 0-9 64 
ll 223 44 12 22 36 2-1 24 2-5 65 
12 240 44 11 22 
13 15 5-6 14 
14 20 9-3 29 
15 10 5-0 16 
16 15 7-8 28 
17 174 21 62 
18 180 23 61 
19 20 48 23 
20 20 7-8 31 
Decomp. at 205° 
35 4:5 0-14 1-96 
36 8-0 11-1 0-98 5-2 0-26 
37 30 59-3 12-1 26-6 47 4-5 19-0 1-5 
38 30 59 13 28 18-2 
39 30 58 13 26 18-6 
40 70 


The runs were carried out in nitrogen (l—12 and 33), nitric oxide (13—14), carbon dioxide (15— 
18), or nitrous oxide (19—20). 


Entries 35 and 36 correspond to 14% and 26-5% decomposition of nitrite vapour and entries 37— 
40 to 100% decomposition. Each of these entries presents mean results of three or more runs. 


from 0-25 to 0-36 mole. Micro-analysis of the liquid products showed that the nitrogen content 
was 1-15%, corresponding to a further 0-10 atom of nitrogen per mole of initial nitrite, and 
therefore 98% of the total nitrogen is accounted for. 

Kinetics.—The measurement of gas evolution, and analysis of the gaseous products at 
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yarious percentage decompositions, enables the rate of disappearance of benzyl nitrite to be 
inferred. In Fig. 2, curves of gas evolution with time for a number of runs are given; the 
results are expressed in terms of moles of gas produced from 100 moles of initial benzyl nitrite. 
The decomposition temperature was 132°, except for run 5 which was at 100°. The half life 
of benzyl nitrite at 100° is about 110 min., and at 132° is 20—25 min. When the benzyl nitrite 
is in dilute solution in cumene, the half life at 132° is about 150 min. 

The decomposition is of first order only initially and is subsequently autocatalytic. This 
is particularly noticeable at the lower decomposition temperature. Experiments were therefore 
carried out in which reaction products were initially added to the system. No appreciable 
effect was observed when benzyl nitrite was decomposed in an atmosphere of nitric or nitrous 
oxide, but added benzaldehyde was found to accelerate markedly the rate of decomposition. 
The initial rate of decomposition in run 22, as measured by gas evolution, was found to be 
about a hundred times that of run 5, in which no benzaldehyde was added (see Fig. 2). Not 
only does added benzaldehyde accelerate the rate of decomposition, but it affects the yields of 
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the products. Product analyses of runs 21 and 22 are shown in Table 2. There was a marked 
increase (at least five-fold) in the yield of nitrous oxide. The yields of benzyl alcohol and 
benzoic acid were also increased, but more benzaldehyde was consumed than was produced in 
the decomposition. 


TABLE 2. Analysis of decomposition products of benzyl nitrite in liquid benzaldehyde. 
The products are expressed in moles per 100 moles of initial benzyl nitrite. 


Decomp. 
Run Added time 
no. Ph‘CHO  (min.) Ph‘CHO Ph’CH,OH Ph°'CO,H Gas NO N,O N, co 
21 270 3 240 27 38 17 7 13 0-7 
22 250 170 200 45 20—40 36 


Decomposition of Gaseous Benzyl Nitrite.--Stoicheiometry. In the gaseous phase, decom- 
position is conveniently rapid between 150° and 220°; at 205°, decomposition (in a Pyrex reaction 
vessel) is essentially complete in 30 min. A 60% pressure increase accompanies complete 
decomposition. Product compositions vary only slowly throughout the course of the reaction. 
Analyses corresponding to partial and complete decompositions are summarised in Table 1. 
The liquid products are benzaldehyde, benzyl alcohol, and benzoic acid together with small 
quantities of benzyl benzoate and water; the gases consist principally of nitric oxide and 
nitrogen, with smaller amounts of nitrous oxide and carbon dioxide. No formaldehyde, carbon 
monoxide, or nitrosobenzene was identified. At 205° the normal course of gas-phase decom- 
position, taken to completion, may be represented by the equation: * 


1-00Ph-CH,-O-NO —» 0-59Ph-CHO + 0-28Ph-CH,‘OH + 0-13Ph-CO,H + 
0-02Ph-CO,-CH,Ph + 0-02CO, + 0:50NO + 0-18N, + 0-05N,0 





* This equation refers to an initial nitrite pressure of up to 10 cm., the pressures commonly used. 
In a single experiment, with initial pressure ca. 30 cm., appreciable amounts of a rosin-like solid, possibly 
1,2-diphenylethylene dibenzoate produced by the addition of benzoyl radicals to benzaldehyde, were 
obtained. Waters (personal communication) has suggested that other products such as hydrobenzoin, 
benzoin, and benzil are also to be expected. 
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Thus, in contrast to Steacie’s general equation for nitrite decompositions, the aldehyde: alcoho} 
ratio is not 1; 1 but 2: 1, and the nitric oxide yield is only half the expected value. 

The amounts of nitrogen and nitrous oxide and of benzoic acid are indications of the 
departure from Steacie’s equation. The effect of initially added reaction products on the 
yields of these three has been examined. Added nitric oxide is reduced to nitrous oxide, though 
added nitrous oxide is not reduced to nitrogen; added benzaldehyde enhances the nitrogen 
yield at the expense of nitrous oxide. The hydrogen-donor, cumene, was also added. It led 
to reduction of nitric oxide. 

Kinetics.—Since the product composition changes only slowly during reaction.and the 
pressure change corresponding to complete decomposition is known, reaction rates may be 
followed by pressure measurement. Pressure—-time curves showed that reaction was approxi- 
mately of first order over the range of pressures and temperatures studied. Values of velocity 
constants & at different temperatures (calculated from times required for 25% decomposition, 
using the first-order law) are: 


p 196° 205° 215° 
10° (sec. : 35-4 61-9 141-5 


Arrhenius parameters corresponding to the linear variation of log & with 1/T(°k) implied by 
these values have been derived. Though, in the absence of any very detailed investigation, 
they are subject to considerable uncertainty they may be set at E = 34 + 2 kcal. mole™ and 
A = 10'*422 sec, 

Decomposition of Benzyl Nitrite in Cumene.—Freshly prepared solutions of benzyl nitrite 
in cumene are colourless or pale green; when left at room temperature they become yellow 
within a few days. A measurable yield of benzyl alcohol is obtained with 24 hr. The decom- 
position is faster at higher temperatures, though it is considerably slower than that of the pure 
liquid at the same temperature. 


TABLE 3. Decomposition at 132° and 151° of benzyl nitrite in cumene. 
Yields of benzyl alcohol are expressed in terms of moles per 100 moles of initial nitrite. 


Initial benzyl Decomp. Initial benzyl Decomp. 
nitrite time Ph-CH,-OH Run nitrite time Ph-CH,°OH 
(mole 1.-?) (hr.) no.* (mole 1.-4) (hr.) 
0-0295 18 28 0-313 9 
0-043 19 29 4-07 9 
0-041 9 30 Pure 5 
0-083 10 31 0-0905 26 
0-1160 9 32 0-087 15 


* Runs 23—30 at 132° and 31 and 32 at 151°. 


Stoicheiometry. A series of solutions of benzyl nitrite, with concentrations ranging from 
0-03 to 4-1 moles 1.1, were decomposed to completion at 132° or 151°; progress of decomposition 
was followed by analysis of gaseous and liquid products. The time required for complete 
decomposition was of the order of 10 hr.; heating for longer periods did not increase the yield 
of benzylalcohol. The final solutions obtained on complete decomposition were reddish-brown. 

The yields of benzyl alcohol in the various runs are given in Table 3. They decrease as the 
initial concentration of nitrite increases. In dilute solution, there is 100% conversion into 
benzyl alcohol up to about 0-05 mole 1.1 of initial nitrite; the alcohol yield slowly falls until 
at 4 moles 1. (mole fraction of nitrite approx. 0-5) it is only 34%. In the limiting case of pure 
liquid benzyl nitrite, the yield has fallen still further to 22%. No bi-«-cumyl was obtained on 
removal of the cumene and volatile products in vacuo. The effect of temperature on the yields 
of benzyl alcohol appears to be very small or negligible. For a given initial concentration of 
benzyl nitrite, the alcohol yield at 151° is not appreciably different from that at 132°. 

Kinetics. The kinetics were investigated by following the benzyl alcohol concentration as 
a function of time. Solutions of benzyl nitrite of initial concentration of ~0-085 mole 1.1 were 
used in all cases. Under the experimental conditions (90% conversion according to stoicheio- 
metry above) complete reaction corresponds to a final alcohol concentration of 0-0765 mole 1.7. 
The results of several runs are shown in Fig. 3. Within any run, reaction is kinetically of the 
first order for most of the decomposition. Measurements of the initial rate, although less 
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precise, indicate that it is somewhat higher. Velocity constants k obtained from the linear 
portion are shown below: 


Temp. 101° 110-5° 131° 151° 
105% (sec.~*) , 71 45 148 


A plot of log & against reciprocal temperature (see Fig. 4) is linear within experimental error, 
and gives an activation energy of 20 kcal. mole™. 

Decomposition of Benzyl Nitrite in Chlorobenzene.—In order to indicate that the high yield 
of benzyl alcohol produced when benzyl nitrite is decomposed in dilute solution in cumene is 
not simply a solvent effect, the decomposition in chlorobenzene was studied, for this is not a 
hydrogen-donor. A solution of benzyl nitrite (0-08 mole 1.1) was decomposed to completion, 
and a 34% yield of benzyl alcohol was obtained; a solution of the same concentration in cumene 
gave a 90% yield of benzyl alcohol. 

Reaction between Benzaldehyde and Nitrogen Oxides.—Benzaldehyde is readily oxidised and 
it might be expected to react when heated with nitrous and nitric oxide at temperatures and 


Fic. 3. The approach to first-order kinetics in the Fic. 4. Arrhenius plot for first-order 
thermal decomposition of benzyl nitrite in thermal decomposition of benzyl 
cumene (results for runs at 110-5°, 132°, and nitritein cumene. (A ~ 10%4; E ~ 

20 kcal. mole.) 
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pressures similar to those of the actual benzyl nitrite decomposition. To establish the necessary 
conditions for these reactions some simple experiments have been made. They fall into two 
classes: (1) systems involving only benzaldehyde and nitrous or nitric oxide and (2) systems 
in which free radicals are also present. 

Reaction between benzaldehyde and N,O or NO. In the homogeneous gas phase, mixtures 
of benzaldehyde with nitric oxide alone or with nitrous and nitric oxides together were kept at 
205° for 30 min. Pyrolysis was complete, but there was no pressure change and gas analysis 
showed that neither nitrogen nor extra nitrous oxide was produced. 

In a heterogeneous (2 phase) system, liquid benzaldehyde was kept at 132° under a nitric 
oxide pressure of 1 atm. for 4hr. No visible change occurred, no gas was evolved or absorbed, 
and analysis showed neither nitrous oxide nor nitrogen had been produced. 

Reaction in the presence of free radicals between benzaldehyde and N,O or NO. Nitrites are 
simultaneous sources of free radicals and nitric oxide. Conveniently for these experiments, 
methyl nitrite also yields considerable amounts of nitrous oxide while t-butyl nitrite gives 
only nitric oxide.® 

In the homogeneous gas .phase, mixtures of benzaldehyde and methyl nitrite, at partial 
pressures of ca. 3 and 13 cm. respectively, were decomposed at 205°. Although the total 
pressure increase was equal to that expected from the nitrite decomposition alone, product 
analyses showed that 10% of the benzaldehyde had been oxidised to benzoic acid. The yield 
(expressed as moles/100 moles methyl nitrite decomposed) of nitrous oxide had fallen from 13 
to 4 while that of nitrogen had risen from zero to 10. 

In the heterogeneous system, when free radicals are generated in liquid benzaldehyde 
exposed to a nitric oxide atmosphere, only slight reduction occurs. A liquid mixture of 
benzaldehyde and di-t-butyl peroxide (molar ratio 6:1) kept at 132° for ca. 48 hr. under a 
nitric oxide atmosphere afforded 1% of nitrous oxide. The products also contained t-butyl 





3940 Gray, Rathbone, and Williams: 


alcohol and methane (from the peroxide) and 1,2-diphenylethylene dibenzoate (from the 
benzaldehyde). 

In the homogeneous liquid phase, when nitric oxide and free radicals are produced simultan- 
eously in benzaldehyde solution by pyrolysis of a nitrite, reaction is extensive. 2: 1 mixtures 
of benzaldehyde and t-butyl nitrite were kept at 132° under carbon dioxide; nitric oxide, 
nitrous oxide, nitrogen and benzoic acid were found among the products. 


DISCUSSION 
The Initial Step—The products of decomposition in both the liquid and the gaseous 
phase, and the enhanced yields (up to 100% conversion) of benzyl alcohol obtained in the 
presence of the hydrogen-donor cumene, provide evidence that the decomposition in both 
phases begins by fission of the oxygen-nitrogen bond: 


(1) Ph*CH,°O-NO —t Ph°CH,"O* + NO 


In this respect, benzyl nitrite falls into line with other nitrites, and in particular with 
with Kornblum and Weaver’s?® recent report on the slow thermal decomposition of 
4-nitrobenzyl nitrite at room temperature where initial O-N fission, leading first to alcohol, 
aldehyde, and nitric oxide explains the nearly theoretical yield of aldehyde and acetal: 


NO4°CgHyCH,°O-NO —t NO,°C,H,°CH,O* + NO 
NOg*CgHyCHyO> = —B 0°5NO4°CgHyeCHy’OH + 0-5NO,.CyHyCHO 
O-SNO4*CgHyCHy'OH + 0-25NO4°CgHy*CHO —t 0-25NO4°CgHy*CH(OCH,"CyHy*NO4), + HO 


If this step 1 is rate-determining, then the “ observed ” activation energy of the first- 
order gas-phase reaction, E, = ca. 34 kcal. mole, is a measure of the O-N bond strength 
and equals the bond dissociation energy if the reverse reaction has E_, = 

In dilute cumene (XH) solution, hydrogen abstraction occurs exclusively and 100% 
yields of alcohol are formed: 

(4) Ph*CH,'O* + XH —t PhCH,°OH ++ X: 


Dimerisation to bi-z-cumy] is not detected and the cumy]l radicals must have been removed 
in other ways. Similar states of affairs are found in the absence ® of bi-«-cumyl from 
cumene solutions in which t-butyl nitrite has been pyrolysed and of bibenzyl from toluene 
solutions in which n-octyl nitrite 7 has been decomposed. The cumy] radicals (like benzyl 
radicals *) are readily oxidised to a-methylstyrene. Waters (personal communication) has 
suggested that the net result would be: 2Ph-CH,°O + Ph-CHMe, —» 2Ph-CH,°OH + 
Ph-CMe:CH,. The cumyl radicals X are known to combine with free nitric oxide and they 
may also abstract nitric oxide from the parent nitrite. Reactions such as this have been 
established for methyl,” s-butyl and l-ethylpropyl nitrite ® and invoked in decomposition 
of t-butyl nitrite. 

(5) Xx: + NO—» X:NO 

(6) Ph*CHy'O*NO + X:—t Ph°CH,'O- + X-NO 

(7) 2X°*NO —— (X°NO), and decomposition products 


Reactions (1), (2), and (6) constitute the essentials of a chain reaction and their participation 
has been suggested as the reason for the greater speed of liquid-phase decomposition. 
The decomposition of benzyl nitrite in cumene has a half-life of about 70 min. at 150°; 
in the gas phase a temperature of 190° is required for this speed of decomposition. 

The Origin of the Major Products.—With O-N bond fission established as the initial 
step, the nature and amounts of the decomposition products as well as the kinetic features 
of the decomposition must be explained in terms of the chemistry of the benzyloxy]l radical 
and the nitric oxide molecule. The key features of the stoicheiometry and kinetics are 
(1) that nearly all the nitrogen is accounted for as nitrogen, nitrous oxide, and nitric oxide, 


4% Kornblum and Weaver, J. Org. Chem., 1958, 23, 1213. 
17 Jest and Phillips, Proc. Chem. Soc., 1960, 73; Gray and Rathbone, Proc. Chem. Soc., 1960, Oct. 
* Gray, Chem. and Ind., 1960, 120. 





first- 
ength 


100% 


10ved 

from 
luene 
enzyl 
1) has 


1960) Benzyloxyl Radicals in Benzyl Nitrite Pyrolyses. 3941 


(2) that nearly all the carbon ends as benzaldehyde, benzyl alcohol, benzoic acid, and 
benzyl benzoate (in order of diminishing abundance), and (3) that reaction is catalysed 
by benzaldehyde although benzaldehyde is not readily oxidised by nitric oxide alone. 
The almost complete retention of the benzyl skeleton in all the carbon products reflects 
the unusual stability towards decomposition of the benzyloxyl radical. When we consider 
in turn the origins of the major products it becomes apparent that as well as the benzyloxyl 
radical, free benzoyl Ph-CO- has an important part to play. 

Benzyl alcohol arises from hydrogen abstraction reactions of benzyloxyl radicals. The 
three substrates are the parent nitrite, another benzyloxyl radical (disproportionation), and 


benzaldehyde: 
(8) Ph*CH,*O* + Ph*CH,°O-NO —— Ph:CH,‘OH + Ph*CHO + NO 


(9) PheCHyO* + Ph*CHyO: —t Ph:CH,°OH + Ph*CHO 
(10) Ph*CHg'O* + Ph*CHO ——t Ph:CH,*OH + Ph*CO> 


The increased yield of alcohol in the presence of added benzaldehyde is obtained at the 
expense of producing benzoyl radicals Ph*CO-. These are also present, therefore, in the 
normal decomposition. Their association with benzyloxyl radicals contributes to the 
formation of benzyl benzoate, present in small amounts: 


(11) PheCO* + Ph*CH,*O* ——% Ph*CO*O"CH,Ph 


Benzaldehyde is formed in reactions (8) and (9) but these alone cannot explain the 
fact that there is an excess of benzaldehyde over benzyl alcohol. Any excess of aldehyde 
over alcohol requires nitric oxide reduction and the problems of benzaldehyde formation 
and of nitric oxide reduction are linked. Moreover since benzaldehyde is so much more 
readily oxidised than is benzyl alcohol, its preponderance implies that nitric oxide is 
oxidising the precursor of both aldehyde and alcohol, viz., the benzyloxyl radical. The 
excess of benzaldehyde reflects the successful competition of reaction (12) with (8), (9), 

10). 
ste (12) Ph*CH,‘O* + NO — Ph-CHO + HNO 
(13) 2HNO —t N,O + H,O 


The HNO species is well authenticated; even its structure is precisely known.!® 
Reactions (12) and (13) were first invoked by Levy ™ in the analogous decomposition of 
ethyl nitrite. 

Benzoic acid is, of course, the oxidation product of benzaldehyde. This oxidation is a 
radical-chain process when accomplished by oxygen and our results show that free radicals 
are essential to bring about rapid oxidation by nitric oxide. The first intermediate is the 
benzoyl (Ph-CO-) radical. The last intermediate before benzoic acid is also known: it is 
the benzoate radical. The step from benzoyl to benzoate is accomplished by nitrous 
oxide or nitric oxide: the former is the readier oxidising agent though the latter cannot 
be completely ruled out on the present evidence: 


(14) Ph°COs + N,O —— Ph'CO,°+ N, AH, —45 kcal. mole 


The benzoate radical then abstracts hydrogen to yield the acid. The simultaneous, 
competing decomposition of the benzoate radical is the source of the small amounts of 
carbon dioxide formed. Conditions in which the benzoate radical yields a large 
Ph°CO,H : CO, ratio (as found here) have also been reported by Barson and Bevington.” 

The production of nitric oxide is explained, of course, by the initial step (1). The 
reverse reaction is also expected,™-* but it cannot have any effect on the stoicheiometry 
and appears not to influence the kinetics under our experimental conditions. The reduction 

® Dalby, Canad. J. Phys., 1958, 29, 883. 

* Dannley and Zaremsky, ]. Amer. Chem. Soc., 1955, 77, 1588. 

* Barson and Bevington, /. Polymer Sci., 1956, 20, 13. 

* Levy, |. Amer. Chem. Soc., 1953, 75, 180; Ind. Eng. Chem., 1956, 48, 762. 

* yo Danby, and Hinshelwood, Proc. Roy. Soc., 1957, A, 239, 1541. 

L 
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of nitric oxide is almost certainly a stepwise process, though the possibility of some direct 
reduction to nitrogen cannot be ruled out. The reduction occurs in all nitrite pyrolyses 
and, though in the lower nitrites it does not go beyond nitrous oxide, nitrogen is formed 
in the decomposition of 1-methylheptyl nitrite.§ We have indicated the links between 
nitric oxide reduction and the aldehyde yield and invoked the HNO radical as the precursor 
of nitrous oxide. It is possible that an additional source of nitrous oxide is the reaction 
of nitric oxide with the benzoyl radical. This step is sufficient (but not essential) in 
interpreting the reduction by benzaldehyde of nitric oxide from t-butyl nitrite found here, 

In turn, nitrogen arises from nitrous oxide and the yields of nitrogen and nitrous oxide 
(24 and 2-1 moles % respectively) are more than sufficient to explain all the production of 
benzoic acid and carbon dioxide (12 and 2-5 moles % respectively). The 5 mole % excess 
of nitrogen must have arisen in reactions other than (14). 

The Réle of Benzaldehyde in Pyrolysis of Benzyl Nitrite—Attention has been drawn 
to the focal point which benzaldehyde occupies in the stoicheiometry. Implicit in this 
and in the other results concerning benzaldehyde is the importance of the benzoyl radical, 
Thus, benzaldehyde alone is not attacked by nitrous or nitric oxide (¢.e., not under the 
conditions of our experiments), though its oxidation is rapid in the presence of free radicals, 
These remove the weakly bound aldehydic hydrogen to form free benzoyl which in tum 
gives rise to benzoic acid, benzyl benzoate, and carbon dioxide. 

Benzaldehyde is also a catalyst, causing autocatalysis in normal decomposition and 
greatly increasing the initial rate when added artificially. A qualitatively similar influence 
of added acetaldehyde on ethyl nitrite was discovered by Levy." He attributed the 
two-fold increase in rate to the suppression of recombination of the nitric oxide and ethoxy] 
radicals produced in the initial step: 

C,H,-O-NO — C,H,°O- + NO 

CyHg°Or + CHy*CHO —t CHs°OH + CHyCO> 
Anderson and Rollefson * found nitrogen and nitrous oxide when acetone was photolysed 
in the presence of nitric oxide, so it is possible that the acetyl radicals produced can 
augment the effect of acetaldehyde by removing nitric oxide, though Levy did not invoke 
this possibility. However, even if the parallels to both these reactions occur in the benzyl 
nitrite system they are unlikely to lead to the acceleration observed. Nor are the other 
reactions invoked hitherto able to furnish an explanation. There are alternative 
possibilities. Either benzaldehyde may be able to form an unstable intermediate (e.g, 
by an addition or condensation with benzyl nitrite) which then rapidly yields the final 
products by a new, molecular, reaction; or the benzoyl radical may abstract nitric oxide 
from the parent nitrite and induce decomposition by a chain reaction; such nitric oxide 
abstractions from nitrites by added radicals have now been recognised and seem quite 
possible here: * 17 
Ph*CH,*O*NO + Ph*CO» ——3 Ph*CO*NO + Ph°CH,°O° 

Ph*CO-NO ——% Ph:CO- + NO 

Comparison of the Reactions of the Benzyloxyl Radical with Other Primary and Aryl 
substituted Alkoxyl Radicals.—The benzyloxyl radical is the parent of the aryl-substituted 
alkoxyl radicals and its thermochemistry and reactivity are standards of comparison for 
the series. It is also typical of primary alkoxyl radicals and might be expected to share 
much of their chemistry. From them, however, it differs in one important respect. All 
the simple primary alkoxy] radicals,* other than methoxyl, readily undergo carbon-carbon 
bond fission at elevated temperatures: R-°CH,-O- —» R: + CH,O. The almost 
complete retention of the Ph-C (benzyl) skeleton in the decomposition products demon- 
strates its unusual stability. This is also reflected in the way that hydrogen-abstraction 
is independent of temperature: there is no fall in efficiency as the temperature rises from 
130° to 150°, such as would arise from the onset of decomposition. By contrast, the 

* Anderson and Rollefson, J. Amer. Chem. Soc., 1941, 68, 817. 
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a-cumyloxyl (Ph-CMe,°O-) radical > gives a yield of alcohol (a«-dimethylbenzyl alcohol) 
which rapidly diminishes with rising temperature as decomposition to acetophenone and 
free methyl sets in. The consequences of the stability of benzyloxyl have been observed 
by Gowenlock ° who failed to obtain nitrosobenzene on pyrolysis of benzyl nitrite, and by 
Lossing '* who obtained no free phenyl radicals from the same source. 


TABLE 4. Thermochemical aspects * of decomposition of phenyl-substituted alkoxyl 
radicals. 
Atom or Residual Enthalpy Stability 
Parent C-radical carbonyl increase 1 = most stable 
O-radical eliminated compound (kcal. mole“) 6 = least stable 
CH,O 16-3 1 
Ph-CHO : 
Ph,CH-O- Ph-CHO 
Ph,°CO 
Ph,C-O- Ph,°CO 
Ph-CHMe:O- Ph-CHO 
Me*-CHO 
Ph-CO-Me 
Ph,*CO 
Ph:CO-Me ° 
Ph:CMe,°O- Ph:CO-Me : 6 
Me,°CO ; 
* Enthalpies of unimolecular decomposition have been calculated from group-energy terms by 
using values listed by Gray and Williams.® ; 


The relative stabilities of benzyloxyl and its homologues may be examined in the light 
of their thermochemistry. In Table 4 the energy (AH) requirements for bond fission are 
tabulated for one primary, two secondary, and three tertiary aryl-substituted radicals. 

Benzyloxyl is known to be more stable than the two secondary radicals, and a-methyl 
benzyloxyl (CHPhMe:O-) is the least stable. The latter is said * not to abstract hydrogen 
from cumene although it will remove hydrogen from thiophenol at 125°. When it 
decomposes, it is by loss of the methyl and not the phenyl radical. Diphenylmethoxyl 
radicals 2” (from bisdiphenylmethyl peroxide) do abstract hydrogen from cumene at 115— 
152°, though only 15—24% of the theoretical alcohol yield is produced. 

Two of the three tertiary radicals in Table 4 are known. The «-cumyloxyl (Ph-CMe,°O-) 
is the least stable, readily losing a methyl radical to form acetophenone; * elimination of 
its phenyl radical is not known. Triphenylmethoxyl is encountered in the thermal 
decompositions of its nitrite,* peroxide,” and hydroperoxide; * in addition to undergoing 
rearrangement,”® it decomposes and yields the phenyl radical (which ends as biphenyl, 
phenol, or a phenolic derivative) and benzophenone. 

The thermochemical basis for the kinetic relations is displayed in Table 4. For a 
given O-radical with a choice of decomposition mechanisms, the ease of unimolecular 
elimination diminishes in the order Me > Ph > H. This is the order of increasing energy 
requirements. When different radicals are compared the order of stability indicated by 
the thermochemistry, viz. Ph*CH,*O* > Ph,CH:O» > Ph,C-O» > PhMeCH-O- > 
PhMe,C-O- is wholly consistent with the observed behaviour of the radicals. 
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782. The Configuration of the Transition State in Methyl- 
radical Additions. 
By J. H. Binks, J. GREssSER, and M. Szwarc. 


The linear relation between localisation energy and log (methyl affinity/n), 
where » denotes the number of reactive centres, as well as the blocking effect 
due to methyl substituents, is taken as evidence that a specific C-CH, bond 
is formed in the transition state of methyl-radical additions. This means that 
the transition state represents a o-complex rather than a z-complex. 
Studies of methyl affinities of pseudo-blocked compounds indicate that this 
bond is approximately perpendicular to the nodal plane, and not close-to- 
nodal-plane as was assumed in the earlier papers from this laboratory. 


WE discuss here the structure of the transition state leading to the addition of methyl 
radicals to olefinic and aromatic molecules. The first problem is whether formation of a 
linkage between an attacking radical and a whole molecule of the substrate is the rate- 
determining step of the reaction, or whether the incipient formation of a particular CH,-C 
bond takes place in the transition state. The first alternative corresponds to a transition 
state of the x-complex type, while the second requires formation of a o-bond in the 
activated complex. 

The formation of a x-complex in radical additions to olefins was proposed by 
several workers. For example, Steinmetz and Noyes,! following Noyes, Dickenson, and 
Schomaker,? claim formation of a x-complex in addition of iodine atoms to olefins. A 
similar idea was expressed by Goering and his co-workers * who studied the addition of 
bromine atoms, and although modified, it was still partially upheld in the more recent 
publication * dealing with addition of trichloromethy] radicals. Goering et al. based their 
argument on the observation of ¢trans-addition; however, they point out that this observ- 
ation may be also accounted for in terms of s-complex formation. 

The experimental data accumulated during the last six years in our laboratory strongly 
favour the second alternative. Thus, it was found by Coulson ° and by us ® that the rate 
constants for radical addition computed per reactive centre are linearly related to the 
localisation energy of such a centre. This relation was established for a series of un- 
substituted aromatic hydrocarbons which vary in their reactivities * by a factor of more 
than 10‘, and for a series of compounds characterised by a >C=CH, reaction centre, such 
as ethylene, butadiene, styrene, etc. The important point is that the linear relation is not 
obeyed if the experimentally determined rate constants are not divided by the number of 
reactive centres, and this points to the formation of a specific C-CH, bond in the transition 
state. The last point requires clarification. The symmetry of x-orbitals in benzene is 
such that the formation of a centrally symmetrical x-complex between a radical R- and a 
molecule of benzene is impossible. Such a complex, if formed, associates R- with a 
particular carbon-carbon bond. Hence, even if a x-complex is involved in a transition 
state, n = 6 for benzene, but for anthracene m = 4 and for ethylene » = 1. Usage of 
such values for m destroys the observed linear relation. 

Further argument for this hypothesis comes from studies of methyl-radical addition 
to methyl-substituted hydrocarbons. It was shown ®? that a methyl substituent located 

* The term reactivity will be used in this paper in reference to the rate of addition of methyl radicals 
to the respective compound. 


1 Steinmetz and Noyes, J. Amer. Chem. Soc., 1952, 74, 4141. 

* Noyes, Dickenson, and Schomaker, J. Amer. Chem. Soc., 1945, 67, 1319. 

8 Goering, Abel, and Aycock, J. Amer. Chem. Soc., 1952, 74, 3588. 

* Goering and Sims, J. Amer. Chem. Soc., 1955, '77, 3465. 

5 Coulson, J., 1955, 1435. 

* Szwarc and Binks, Theoretical Organic Chemistry, Kekulé Symposium, 1958, Butterworths, 
London, p. 262. 

7 Binks and Szwarc, J. Chem. Phys., 1959, 30, 1494. 
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on a non-reactive centre enhances slightly the reactivity of the hydrocarbon and that the. 
hyperconjugation hypothesis accounts quantitatively for the observed enhancement. On 
the other hand, if a methyl substituent is located on a reactive centre, then the reactivity 
of the compound is reduced by a large factor (6—10). For example, the relative rate 
constants (methyl affinities) for methyl-radical addition to anthracene and its 1-methyl, 
2-methyl, and 2,6-dimethyl derivative are approximately the same ©? (355—400). How- 
ever, if a hydrogen atom at one of the reactive (9- or 10-)positions of anthracene is 
substituted by a methyl group, the reactivity of the resulting compound (9-methyl- 
anthracene) is reduced to 190, which means that its reactivity is only half that of 
anthracene.*’? When both hydrogen atoms are substituted by methyl groups, then the 
respective rate constant decreasees drastically,*’ reducing the methyl affinity of 9,10- 
dimethylanthracene to 60. From the experimental linear relation between methyl affinity 
and localisation energy, and from calculated localisation energies of the less reactive 
positions of anthracene, one calculates the combined reactivities of positions 1—8 to 
amount to 20. One can consider, therefore, the excess of the reactivity observed in 
9,10-dimethylanthracene, which amounts to 40, as the reactivity of the “‘ blocked”’ 9- 
and 10-positions. Thus, the “ blocking’ by methyl substituents reduces the reactivity 
by a factor of about 10. Additional examples illustrating the effect of “‘ blocking ” are 
listed in references 6 and 7.* 

Knowing that a specific C-CH, bond is formed in the transition state, we may now 
investigate the configuration arising around the reactive centre in the addition process. 
The formation of the new C-CH, bond utilises one of the x-electrons of the olefinic or 
aromatic molecule. Hence, in view of the much greater possibility of overlap between the 
p-electron of the radical and the x-electron in the direction perpendicular to the nodal 
plane than in it, one might expect the incipient bond in the transition state to be 
perpendicular to the nodal plane of the molecule. The magnitude of the “ blocking ” 
effect, caused by a methyl group substituted on the reactive centre, is surprisingly large, 
and this was considered as evidence against this structure of the transition state. Further, 
it was found that with all the heterocyclic compounds investigated addition of methyl 
radicals never takes place to a heteroatom, even if the heteroatom replaces the most 
reactive carbon centre. The following two examples illustrate this point. 

The reactivities of nitrogen-containing heterocyclic aromatic compounds are, on the 
whole, higher than that of the analogous isocyclic compounds. For example, the relative 
rate constants of methyl-radical addition to quinoline and isoquinoline are 13-4 and 15 
respectively,®® while the corresponding rate constant for naphthalene is 9. Again, the rate 
constants of the addition to anthracene and 1-aza-anthracene are 390 and 550 respectively,® 
but for acridine the rate constant is reduced to approximately one-half of the anthracene 
value,®* 7.¢., to 200, and an even lower value of 107 was found for phenazine.?® From 
analysis of these data one concludes that methyl radicals do not add to nitrogen.t 

A similar situation is found in a series of benzoquinones. The lowest localisation 
energy, and therefore the highest reactivity, is expected, and observed,!® for the terminal 
carbons of #-xylene—the isocyclic analogue of p-benzoquinone. However, investigations 
carried out in this laboratory # seem to indicate that the addition of methyl radicals takes 
place to the C=C centres and not to the C=O centres of quinones. Although this claim 


* In this connection it should be noted that Kooyman (Nature, 1955, 175, 598) investigated the 
addition of -C(CH,),*CN radicals to substituted 9-anthracenes. The blocking effect was observed, 
although the substituent has also an accelerating effect on position 10. 

+ The relatively high value of the rate constant of methyl-radical addition to phenazine reflects the 
substantial activation of the other less reactive positions of the molecule by the presence of two nitrogen 
atoms, 2 


8 Levy and Szwarc, J. Amer. Chem. Soc., 1955, 77, 1949. 
® Binks and Szwarc, unpublished results. 

10 Errede and Szwarc, Quart. Rev., 1958, 12, 301. 

"™ Buckley, Rembaum, and Szwarc, J., 1958, 3442. 
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appears to be contradicted by experimental findings of some workers !* who isolated ethers 
from the products of reaction of quinone with some radicals, we feel that our conclusion js 
justified and confirmed by the synthetic findings of Fieser and Oxford." 

These observations led to the suggestion that in the transition state the added methy] 
radical is located close to the nodal plane,’-™ since it was believed that such a configuration 
of the transition state accounts for the magnitude of the steric effect due to the methy] 
substituent and for the lack of addition to a heteroatom owing to an increase in the 
repulsion caused by the lone pair of electrons. To test further this hypothesis we 
investigated now some pseudo-blocked compounds, t.e., compounds containing substituents 
which should hinder the addition if it takes place in the nodal plane but which should 
have a negligible effect on the course of a vertical addition. 1,4,5,8-Tetramethylanthracene 
and 1,4,5,8-tetramethylacridine exemplify such compounds and their reactivities, reported 
in this paper, show that the hypothesis of nodal addition is untenable. We have to 
conclude, therefore, that the direction of the new C-CH, bond formed in the transition 
state is, at least approximately, vertical to the nodal plane. This point emerges also 
from recent studies by Goering and Sims * who demonstrated in some instances a trans- 
addition of radicals to 1-bromocyclohexene. 

Results and Discussion.—Two samples of 1,4,5,8-tetramethylanthracene were examined, 
The first was prepared by Aldrich Chemicals Company and purified before use by chrom- 
atography, crystallisation, and vacuum-sublimation; it showed a sharp m. p. (270°). The 
second sample was offered to us by Professor Hey (whom we thank), and after recrystallis- 
ation from ethanol it showed the same m. p. and mixed m. p. In addition we prepared 
1,3,5,7- and 2,3,6,7-tetramethylanthracenes to compare their reactivities with that 
of the pseudo-blocked 1,4,5,8-isomer. 

1,4,5,8-Tetramethylacridine and of 4,5-dimethylacridine (methyl substituents on 
carbon atoms adjacent to nitrogen) were offered to us by Professor Newman (whom we 
thank) and used without purification. 

Determination of methyl affinities was carried ont in iso-octane solution at 65°, acetyl 
peroxide being used for generation of methyl radicals. The experimental technique is 
described, ¢.g., in ref. 8. The results are summarised in the Table. 

Although the methyl affinity of the pseudo-blocked 1,4,5,8-tetramethylanthracene is 
somehow lower than that of the other two isomers and of the unsubstituted anthracene, 
the decrease is too small to justify the assumption of a close-to-nodal-plane approach. 
The results obtained in the acridine series are even more indicative, showing no difference, 
within experimental error, between the reactivity of the pseudo-blocked tetramethyl 
derivative and the non-blocked dimethyl derivative. One has to accept, therefore, a 
vertical, or nearly vertical, configuration of the transition state in methyl-radical addition. 
A “ secondary "’ deuterium effect }” in methyl-radical addition provides further evidence. 
for the proposed transition state Ph-CD:CD, was found to be more reactive than Ph-CH:CH, 
towards CH, addition by about 8%. 

The blocking effect of a methyl group might arise from repulsion between the hydrogen 
atoms of this group and those of the approaching methyl radical. The magnitude of the 
observed steric factor is 6—10, and, if it arises entirely from an increase in the activation 
energy, this would call for an activation energy increase of 1-2—1-5 kcal./mole. The 
steric repulsion energy is, therefore, not greater than the potential energy barrier for the 
rotation which may be as high as 3 kcal./mole and which results from a similar type of 
interaction. 

The lack of addition to a nitrogen or oxygen centre probably results from the repulsion 


12 Cohen, J. Amer. Chem. Soc., 1947, 69, 1057; Bickel and Waters, J., 1950, 1746; Apparicio and 
Waters, J., 1952, 4666. 

48 Fieser and Oxford, J. Amer. Chem. Soc., 1942, 64, 2060. 
4 Bader, Buckley, Leavitt, and Szwarc, J. Amer. Chem. Soc., 1957, 79, 5621. 
1% Ellison and Hey, J., 1938, 1847. 
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Methyl affinities determined in iso-octane solution at 65°. 


Mole % CH, CO, ka/ky alky 
1,4,5,8-Tetramethylanthracene (I) Mole % CH, CO, (CH,/CO,) 
0-000 0-133 0-170 sons 4,5-Dimethylacridine 
0-255 0-074 0-168 289 0-000 0-538 0-680 -- 
0-365 0-071 0-167 228 0-000 0-538 0-671 —_— 
0-507 0-059 0-174 258 0-107 0-476 0-704 166 
1,4,5,8-Tetramethylanthracene (II) pa oan cane ia 
0-000 0-313 0-418 — 0-533 0-302 0-699 157 
0-023 0-304 0-430 250 0-746 0-26) 0-701 152 
0-103 0-252 0-420 243 0-852 0-238 0-701 156 
Average for sample (I) 258 + 20 Average 158+ 5 
» és (II) 247 
1,3,5,7-Tetramethylanthracene We 
0-000 0-188 0-264 or 1,4,5,8-Tetramethylacridine 
0-067 0-158 0-273 353 0-000 0-532 0-657 — 
0-071 0-157 0-292 363 0-000 0-532 0-670 ~. 
0-101 0-148 0-282 380 0-074 0-490 0-685 145 
0-118 0-139 0-290 363 0-074 0-490 0-687 149 
Average 364 + 10 0-149 0-458 0-692 133 
. 0-222 0-427 0-699 134 
2,3,6,7-Tetramethylanthracene 0-296 0-397 0-715 144 
0-000 0-187 0-266 ie 0-371 0-369 0-712 141 
0-042 0-163 0-271 372 _ Average 1414 5 
0-069 0-155 0-267 320 Acridine (average) 187 + 5 
0-139 0-123 0-269 352 or ~240* 


Average 348 + 20 
* Depending on the analytical technique used. 


between the f-electron of the approaching radical and the lone pair of electrons of the 
nitrogen or oxygen atom. This repulsion is not as great for the vertical approach as it 
would be for a close-to-nodal-plane approach; nevertheless it might be sufficiently great 
to reduce substantially the rate of addition. The importance of such a repulsion is shown 
by the example of the low bond-dissociation energy of fluorine, compared with that of 
other halogens; 1 D(F-F) is about 36 kcal./mole, 7.e., substantially lower than D(CI-Cl), 
and greatly less than its extrapolated value of about 60 kcal./mole. 


The support of these studies by the National Science Foundation is gratefully acknowledged. 
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%® Cottrell, ‘‘ The Strength of Chemical Bond,” Butterworths, London, 1958. 
” Matsuoka and Szwarc, unpublished results. 
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783. The Chemistry and Stereochemistry of Trichothecin. 
By J. Fisuman, E. R. H. Jones, G. Lowe, and M. C. Wuitinc. 


The chemistry of trichothecolone, the sesquiterpenoid hydrolysis-product 
of the fungal metabolite trichothecin, has been further examined. In 
particular, direct evidence for structure (I) has been obtained by alkali- 
induced scission of the diketone (XIII) into 2,5-dimethylcyclohexane-1,4- 
dione (XV) and 2-methyl-3-oxocyclopent-l-enecarboxylic acid (XVI). The 
rearrangement of trichothecolone in alkaline solution to isotrichothecolone 
has been formulated, and another rearrangement product, allodihydrotri- 
chothecolone, has been prepared by reduction with zinc and alkali. The 
establishment of its structure, and a consideration of the mechanism by which 
it must be formed, have led to almost complete elucidation of the stereo- 
chemistry of trichothecolone (XVIII) and hence of trichothecin. 


THE chemistry of trichothecin,’ an antifungal metabolite of Trichothecium roseum Link, 
has been extensively studied by Freeman, Gill, and Waring. When their investigations 
were discontinued it became possible for us, through the courtesy of Imperial Chemical 
Industries Limited, to tackle the intriguing structural problem. Trichothecin is the 
isocrotonyl ester of a keto-alcohol, trichothecolone,* and, as has now been indicated by 
Freeman, Gill, and Waring,? of the two formulz (I) and (Ia) for trichothecolone, the former 
is compatible with the greater proportion of the reactions. At the time we commenced 
work on this problem there appeared to be little to choose between the two structures. 
This paper describes observations, experiments, and interpretations which finally prove 
the correctness of (I) and in addition, largely elucidate its stereochemistry. 





° (a) 

The most significant features of the chemistry of trichothecolone elucidated by Freeman 
et al.* were: (a) its dehydrogenation to C, and C, fragments in low yield; (6) a variety of 
ring-opening reactions of a trimethylene oxide system fused to a hydroxycyclopentane 
ring; and (c) the apparent fission of neotrichothecodione (III) into isolable C, fractions, 
p-xylo-quinone and -quinol, and a C, residue which could not be isolated. Of these, the 
group of reactions under (a) requires no further discussion, and the formulation of groups 
(b) and (c) was given as the simplest, if not the only, explanation of the facts. However,a 
fourth group of observations, (d), the isomerisation of trichothecolone itself with alkali to 
isotrichothecolone, was left unexplained. Our initial aims were therefore to provide 
more rigorous proof of the interpretations of reactions in groups (b) and (c), to choose 
between structures (I) and (Ia), and to explain the isomerisation (d). In attempting the 
last a further set of transformations (e) was discovered, based upon zinc--alkali reduction 
of trichothecolone, and it is these which led to the stereochemical conclusions referred to 
above. 

In the addition of the elements of hydrogen chloride to trichothecolone, ca. 25 kcal. 
mole are evolved; it followed directly * that a strained system such as a three- or four- 
membered oxide ring must be present. The choice of the latter depended upon the reaction 
scheme below; ? briefly, acid (VI) which was not decarboxylated by heat, could be obtained 

1 Freeman and Morrison, Nature, 1948, 162, 30; Biochem. J., 1949, 44, 1. 


? Freeman, Gill, and Waring, J., 1959, 1105. 
* Freeman and Gill, Nature, 1950, 166, 698. 
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from trichothecolone (I) either via the chlorohydrin (VIII) or via neotrichothecodione (III). 
Initial ring-opening of trichothecolone with sulphuric acid gave a trihydroxy-ketone (IV; 
R = H) (‘ trichothecolone glycol ”’) which, after similar oxidation steps, led to an isomeric 
acid (VII) which was not decarboxylated. This formulation required an ad hoc assumption 
that the oxidation of the trihydroxy-ketone involves more or less exclusively the 3-hydroxyl 
group,® although in trichothecolone itself the group at Cg is readily oxidised. The 
difference between the diketo-acids (VI) and (VII) and the analogous dihydro- and tetra- 
hydro-acids might, alternatively, be explained by skeletal rearrangement in one case when 
the oxide ring was opened under acidic conditions. Proof of the proposed reaction scheme 
thus necessitated the interrelation of the two sets of transformation products (e.g., III and 
IV), and this was achieved in the following way. The trihydroxy-ketone (IV; R = H) 
and the parent “ trichothecin glycol”’ (IV; R = isocrotonyl) both gave isopropylidene 
derivatives, and the trichothecin derivative (V; R = isocrotonyl) was converted into the 
isopropylidene derivative (V; R =H) containing a 5-hydroxy-group by mild alkaline 
hydrolysis. The secondary alcohol group of the latter was oxidised and the isopropylidene 
group then removed by hot aqueous acetic acid, yielding neotrichothecodione (III). 
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Reagents: |, CrOs-COMe,. 2, NagCO;. 3. Dil. HgSO,. 
4, COMe,-H*. 5, Alkali; CrO,-Pyr; AcOH. , 6, CrO;-COMe,. 
7, CrOs. 8, CrOs. 9, HCI. 


Evidence given below implies that the C-O bonds at positions 2 and 3 are érans; this 
explains the remarkable difference in the reactivity of the trimethylene oxide ring towards 
basic and acidic conditions, as after protonation, fission of the C;,.~O bond would be aided 
by participation of the tetrahydrofuran oxygen atom. The new substituents at Cy) in 
(IV) and (VIII) would then enter with retention of configuration; this in its turn explains 
the impossibility of regenerating the four-membered ring by treating compound (VIII) 
with alkali. The chlorohydrin was recovered in high yields from experiments in which it 
was heated under reflux with 10% methanolic sodium methoxide or potassium hydroxide. 

As a four-membered oxide ring is almost unknown among natural products, more 
direct evidence for its presence in trichothecin was desirable. Trichothecolone, and all 
its derivatives in which chemical evidence suggested the retention of the oxide ring, show a 
strong infrared absorption band at 960—964 cm.", similar to that exhibited by érans- 
CH=CH- groupings (obviously not present), but otherwise rarely encountered. Such 
bands are, however, also characteristic of four-membered rings, although they are variable 
in position (e.g., 890 cm. for 3a,5a-epoxycholestane, and 970—980 cm. for simple 
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trimethylene oxides). They overlap the observed range for tetrahydrofurans (960— 
1150 cm.~!) but not that for ethylene oxides (790—850 cm.*).45 In view of this evidence 
the straightforward interpretation ? of reactions (b) therefore seems justified. 

Freeman, Gill, and Waring 2 discovered that treatment of the diketone (II) with hot 
aqueous alkali gave a mixture of #-xyloquinone (X) and the quinol (XI). No fragment 
corresponding to the remaining portion of the molecule could be isolated. The same 
products were given by neotrichothecodione (III), which was obviously an intermediate in 
this transformation, and by the acid (VI) and other compounds in which the 5-hydroxyl 
group had been oxidised. They were not obtained from trichothecolone itself, which gave 
instead isotrichothecolone under more drastic conditions (see below). These observations 
did not in themselves permit a choice between structures (I) and (Ia), as the derived 
formule for neotrichothecodione, (III) and (IIIa), were respectively a 1,5-diketone and a 
vinylogous 1,5-diketone, and either could undergo Michael cleavage. In either case the 
immediate product (e.g., IX) of such a reaction would be expected to undergo a 6-elimin- 
ation to give #-xyloquinol and a derivative (XII) of cyclopentadienone which would not 
survive the reaction conditions. 
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In order to interpret this complex and seer reaction it was necessary to see 
whether fission would take place with a saturated derivative of neotrichothecodione (III), 
as on the alternative formulation (IIIa) Michael fission would then be impossible. 
Maintenance of non-oxidising conditions would allow the isolation of the C, fragment 
without subsequent change, and the C, residue, now a cyclopentenone rather than a cyclo- 
pentadienone, should also survive. By treatment of acid (XIII) with alkali, Freeman, 
Gill, and Waring ? had already obtained a compound C,H,,0,, m. p. 82—84°, which 
reduced Tollens’s reagent. According to the above mechanism this reaction should give 

5-dimethylcyclohexane-1,4-dione (non-reducing). Re-investigation under controlled 
conditions gave the more stable of the two known stereoisomers ® of the cyclohexanedione 
(XV), which when pure had m. p. 90—91°, did not reduce Tollens’s reagent, and showed no 
optical activity. An acidic product was also isolated and was shown to be 2-methyl-3-oxo- 
cyclopent-l-enecarboxylic acid (XVI), identical with a sample derived by degradation of 
picrotoxin.’ The yields of these two compounds left no doubt that they had arisen from 
different parts of the molecule, confirming the proposed mechanism (XIII —» XIV —» 
XV and XVI) and proving that formula (I) and not (Ia) was the structure of 
trichothecolone. The formation of optically inactive products from a compound with 
five asymmetric centres is noteworthy. 

Partial hydrogenation of neotrichothecodione (III) and oxidation of the product by 
chromic acid gave acid (XVII). Alkali cleavage of this acid gave, as predicted, p-xylo- 
quinol (XI) and 2-methyl-3-oxocyclopent-l-enecarboxylic acid (XVI) together with a new 


* Bellamy, “ Infra-red Spectra of Complex Molecules,’’ Methuen, London, 1958, p. 118. 
5 Henbest, Millward, and Nicholls, personal communication. 

* Baeyer, Ber., 1892, 25, 2122; Zelinsky and Naumow, Ber., 1898, 31, 3206. 

7? Sutter and Schlittler, Helv. Chim. Acta, 1949, 32, 1860. 
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x CO,H. CO,H 
N ey 
(11) = 7 rk: + 
apa * 
H Oe 
HO” (XIII) (XIV) 'XV) . (XVI) 


Reagents: 1, CrOs-COMe,; Pd-H,. 2, Alkali. 


C,; acid (XXV). The structure and mechanism of formation of this minor reaction 
product are considered below. 








CH,-OH Pt he 
RY 
| 3 | 25 (XI) + (XVI) 
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(II) (xvi) °? 


Reagents: !, Pd-H,; CrO 3. 2, Alkali. 


The carbon-carbon bond which is broken in the reversed Michael reaction is severely 
weakened by the compression energy associated with the hexasubstituted ethane structure. 
It can be estimated ® that the difference in energy between the eclipsed and the staggered 
conformation of hexamethylethane is 10—15 kcal. mole™ and the release of compression 
energy in breaking the bond will of course be somewhat greater. (It is assumed in this 
discussion that the two five-membered rings are cis-fused; this will later be shown to be 
true.) The release of this compression energy is considered to be the main driving force 
of the reversed Michael reaction. 

Structure (I) for trichothecolone was further confirmed by the value (3-6) for the pK, 
of acid (XIII), as expected for an «-alkoxy-acid. 

The presence of an «-methyl-«$-unsaturated ketone grouping in trichothecolone (I) has 
now been directly demonstrated by treating the trihydroxy-ketone (IV; R = H) witha 
solution of periodate containing a small amount of permanganate.® Acetic acid (1 mol.) 
was the only volatile acid produced. ; 

At the outset of our studies we had hoped that further investigation of the chemistry of 
isotrichothecolone, produced 2 by the action of hot aqueous alkali on trichothecolone (I), 
would be of help with the major problem. No structure, including stereochemistry, for 
trichothecin would be acceptable unless it allowed satisfactory explanation of the mode of 
formation and the structure of this isomer. As it became apparent that the isomerisation 
involved complex structural changes, we tried to isolate some intermediate compounds. 
It seemed possible that oxidation-reduction might be taking place and so alkali-treatment 
in the presence of zinc was investigated, with the result that a new product was readily 
isolated. Although this proved to be only a very distant relative of isotrichothecolone, 
nevertheless the elucidation of its structure resulted in the almost complete determination 
of the stereochemistry of trichothecin. 

Allodihydrotrichothecolone (XIX), the zinc-alkali reduction product, contained two 
hydrogen atoms more than the parent, and the infrared spectrum indicated the presence of 
an isolated keto-group on a six-membered ring. The destruction of the «$-unsaturated 
ketone system of trichothecolone is an essential part of this zinc-alkali reaction since 
under similar conditions dihydrotrichothecolone is merely converted into the dihydroiso- 
compound.? 

Acetylation indicated two hydroxyl groups, the remaining oxygen atom being presum- 
ably ethereal; and oxidation gave a diketo-acid (XX), so that the hydroxyl groups must 
be severally primary and secondary. No unsaturation could be detected (no hydrogen 


® Pitzer, Discuss. Faraday Soc., 1951, 10, 66 and references there cited. 
* Lemieux and von Rudloff, Canad. J. Chem., 1955, 38, 1701. 
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uptake; no ethylenic C-H deformation bands; little absorption near 2000 A; no colour 
with tetranitromethane). The compound must therefore be tetracyclic and, in view 
of the oxygen functionality, at least tricarbocyclic; that is, in its formation a new carbo- 
cyclic ring must have been formed. 

In such a cyclisation, occurring under hydrolytic conditions, the most plausible electro- 
philic centre seemed to be Cig) of the trimethylene oxide ring (the 960 cm.* band is in fact 
absent in allodihydrotrichothecolone) while the possible nucleophilic centres were Cy) or 
Cas) (see p. 3948). The transformation may be formulated as in the annexed scheme 
(XVIII) —» (XIX) or (XTXa). 
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Examples are available of the reductive cleavage of a y-alkoxy-«$-unsaturated ketone ” 
and, since there is no tertiary hydroxyl group in the allodihydrotrichothecolone, addition 
of the tertiary hydroxyl anion to the unsaturated centre in the 8-position to the carbonyl 
group seems probable. This process saturates the double bond and reorientates ring A 
so that, if (and only if) trichothecolone possesses the stereochemistry (XVIII), the enolate 
anion at Ca») or Cqs) would be suitably placed for a rear-side attack on the four-membered 
oxide ring at C,,,, thus generating a primary hydroxyl group. This mechanism leads to 
formula (XIX) or (XIXa) for allodihydrotrichothecolone, which account for all its 
properties. It has also established the relative configurations of four of the asymmetric 
centres and that of a fifth can be deduced from the fact that the two hydroxyl groups are 
strongly hydrogen-bonded and form a cyclic carbonate ™ when treated with diethyl 
carbonate and a trace of sodium. The hydroxyl groups must therefore be cis as indicated 
and, working backwards, the stereochemistry * of trichothecolone has to be (XVIII) in 
which only the configuration of one centre is indeterminate. 

The chemical properties of allodihydrotrichothecolone were consistent with these 
formule, but did not distinguish between them. The derived keto-acid (XX or XXa) had 
pK, 3-6, as expected for an a-alkoxy-acid, and the new ketone group was part of a five- 
membered ring (infrared evidence) and adjacent to a methylene group (benzylidene 

* I.e., the relative configurations; absolute configurations are not yet known. 


10 Woodward, Bader, Bickel, Frey, and Kierstead, Tetrahedron, 1958, 2, 1; Woodward, Sondheimer, 
Taub, Heusler, and McLamore, J. Amer. Chem. Soc., 1952, '74, 4225. 
11 Carothers and Van Natta, J. Amer. Chem. Soc., 1930, 52, 314. 
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derivative; no such derivative could be obtained from allodihydrotrichothecolone). 
Quantitative bromination ™ of allodihydrotrichothecolone and of the derived keto-acid 
resulted in the consumption of one and two mol. respectively, a bromodiacetyl derivative, 
hydrolysable to bromoallodihydrotrichothecolone, being obtained in the former case. 
On the basis of formule (XIX) and (XX) uptake values of two and four mol. would be 
expected, and (XIXa) and (XXa) would suggest the uptake of one and three mol., as the 
bridgehead hydrogen atom cannot enolise (Bredt’s rule). Since the polybromo-ketones 
which would result from complete substitution of -CH,°CO- groupings would suffer 
appreciable steric strain, lower values are not surprising. 

The nuclear magnetic resonance spectrum of the methyl ester of the derived diketo- 
acid (for which we are grateful to Dr. L M. Jackman) allowed an easy choice of structure 
(XX), and hence of (XIX). It included, in addition to bands not yet assigned, three 
equally intense bands (+ = 8-93, 9-01, and 9-08 in chloroform ™ calibrated against tetra- 
methylsilane) due to quaternary methyl groups; the alternative structure (XXa) would 
require the splitting of one of these bands by interaction with the adjacent C-H grouping. 

It is now appropriate to consider further the chemistry of isotrichothecolone.2 The 
acetylation experiments of Freeman, Gill, and Waring * were re-investigated and isotri- 
chothecolone was found to contain two hydroxyl groups, giving a di- as well as a mono- 
acetate. It also gave a bis(ethyl carbonate) and not a cyclic carbonate." Chromic acid 
oxidation gave isotrichothecodione, one hydroxyl group remaining unchanged and the 
second generating a carbonyl group in a five-membered ring. This and the relative ease 
of acetylation supported the conclusion that the isomer contains a secondary and a tertiary 
hydroxyl group. The infrared absorption spectrum under high resolution indicated that 
there was no intramolecular hydrogen-bonding of either of the hydroxyl groups. The 
presence of an a-methyl-af$-unsaturated ketone system in isotrichothecolone was con- 
firmed by the isolation of acetic acid (1 mol.) as the only volatile acid on oxidation with 
periodate-permanganate.® The dihydro-derivative showed no unsaturation, so that it is 
again necessary to postulate a tetracyclic, tricarbocyclic structure. Freeman and his 
collaborators 2 were also able to show that dihydrotrichothecolone underwent rearrange- 
ment analogous to that of trichothecolone with hot aqueous alkali, to give a dihydroiso- 
compound which could also be obtained by catalytic hydrogenation of isotrichothecolone. 
The double bond is therefore not involved in the rearrangement for which the following 
mechanism, leading to (XXII) for isotrichothecolone, can now be proposed. 

The first step involves the displacement of the ether-oxygen atom (from C;g)) by the 
enolate carbanion (Cqs)). There is a close analogy for this in the reaction of 4-hydroxy- 
cyclohexanone toluene-p-sulphonate with base to give bicyclo[3,1,0}hexan-2-one."* Now, 
although the alkoxide anion is not such a good leaving group as the toluene-p-sulphonate 
anion, considerable non-bonded strain energy is removed since the transition state can 
approach the staggered conformation about the 6,7-bond. The anion of the secondary 
hydroxyl group at Cg) in trichothecolone can now add to the cyclopropane ring, and the 
resulting carbanion is suitably located to attack the four-membered oxide ring at Cq) with 
the formation of a new carbocyclic ring and generation of a secondary hydroxyl group. 

Consideration of non-bonded interactions and strain energies in (XVIII) and (XXI) 
indicates that the equilibrium between them may well slightly favour (XVIII), so that it 
must be the attack on the four-membered oxide ring which renders the reaction irreversible. 
This would explain why the trihydroxy-ketone (IV; R = H) is unchanged after similar 
treatment. 

In an attempt to confirm structure (XXII), isotrichothecolone was treated with 
periodate, but no uptake was observed. However, although érans-cyclopentane-1,2-diol 


18 Barnes, Barton, Cole, Fawcett, and Thomas, J., 1953, 571. 
8 Tiers, J. Phys. Chem., 1958, 62, 1151. 
™ Nelson and Mortimer, J. Org. Chem., 1957, 22, 1146. 
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has been shown to react slowly with periodate, a trans-cyclopentane-1,2-diol system held 
rigid by fusion with other ring systems is completely inert..6 Reduction of isotrj- 
chothecodione with sodium borohydride gave a mixture of triols (presumably including 
some with a cis-orientated a-glycol grouping) which showed no carbony] function in the 
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(XXIV) (XXII) (XXII) 


infrared spectrum. Catalytic hydrogenation of this mixture followed by treatment with 
periodate—permanganate ® gave an acidic mixture (vmx. at 1740 cm.*, indicating a carbonyl 
group in a 5-membered ring). Chromic acid oxidation of this gave a crystalline diketo- 
acid (XXIII) with the keto-groups in five- and six-membered rings (vmx 1740 and 
1706 cm.'). This series of reactions provides strong confirmation of the existence of a 
trans-1,2-diol system in isotrichothecolone and of the presence of a new five-membered ring 
fused to that originally present in the parent compound. 

Quantitative bromination experiments on dihydrotrichothecolone glycol and the corre- 
sponding iso-compound showed that the former consumed three mol. of bromine and the 
latter only two. This confirmed the presence of further substitution adjacent to the 
carbonyl] function in isotrichothecolone. 

A few additional minor points in the chemistry of trichothecin have also been elucidated. 
Freeman and his collaborators ? found that chromic acid oxidation of one form of dihydro- 
trichothecolone gave an acid C,,H,,0,, m. p. 167°. On the basis of its infrared spectrum 
(Vmax. 1742, 1710 and typical carboxyl absorption in the 3000—2500 cm. region) it can 
tentatively be assigned the structure (XXIV). 
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The minor acidic product (X XV) (p. 3951) obtained by alkali cleavage of acid (XVII) 
has the molecular formula C,,H,,0,, so that the elements of water have been added, 
and its ultraviolet absorption spectrum reveals the disappearance of the «$-unsaturated 


48 Criegee, Biichner, and Walther, Ber., 1940, 78, 571. 
#* Dimler, Davis, and Hilbert, J. Amer. Chem. Soc., 1946, 68, 1377; Alexander, Dimler, and Mehl- 
tretter, ibid., 1951, 78, 4658. 
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ketone system. This acid readily formed a lactone (XXVI) at its melting point, but it 
could be regenerated therefrom either by acid or by alkali. The most probable structure 
and mechanism of formation of this acid and its lactone are as shown, (XVII) —» (XXV). 

It remains only to explain the general character of the chemistry of trichothecin. This 
is dominated by two features: the tendency of the C,-C;,) bond to split or to rotate, which 
is a consequence of the heavy substitution on these atoms, and the tendency of the four- 
membered ring to resist external nucleophilic attack, as a result of hindrance from the 
heavy substitution at Cq). This resistance favours internal nucleophilic attack by centres 
suitably located, and results in the complex rearrangements observed. 


EXPERIMENTAL 

M. p.s were determined on a Kofler block and are corrected. Peter Spence’s alumina 
(grade H) was used for chromatography. Light petroleum refers to the fraction with b. p. 60— 
80°. Ultraviolet spectra were determined for ethanol solutions with a Cary recording spectro- 
photometer model 14M. Infrared absorption spectra were obtained for chloroform solutions 
on a Perkin-Elmer model 21 spectrophotometer. Dissociation constants were determined for 
aqueous solutions on a Cambridge pH indicator with a calomel reference electrode and a sealed 
glass electrode. 

Dihydroneotrichothecodione.—Neotrichothecodione * (III) (1-72 g.) was dissolved in ethanol 
and hydrogenated over palladium—calcium carbonate. When 1 mol. of hydrogen (146 c.c. at 
N.T.P.) had been absorbed, the product was isolated. Crystallisation from benzene-light 
petroleum gave the dihydro-compound as prisms (1-43 g.), m. p. 173—176° (Found: C, 67-7; H, 
7-7. CysH9O, requires C, 68-2; H, 7-6%), Amax. 2270 A (e 6850). 

Acid (XVII).—Dihydroneotrichothecodione (0-1 g.) was dissolved in acetone (15 c.c.), and 
8n-chromic acid reagent [prepared from chromium trioxide (267 g.), concentrated sulphuric 
acid (230 c.c.), and water (400 c.c.), and made up to 1 1.] was added dropwise with shaking until a 
permanent orange-brown colour was obtained. After working-up through ether, the acid 
(70 mg.) crystallised from benzene—-hexane as prisms, m. p. 196—199° (Found: C, 64-7; H, 6-4. 
C,;H,,0; requires C, 64-7; H, 65%), Amax. 2270 A (e 7500). 

The methyl ester formed prisms (from hexane), m. p. 118—120° (Found: C, 65-4; H, 7-0. 
C,gH2.0, requires C, 65-7; H, 6-9%). 

Hydrogenation of the acid in ethanol over 10% palladium-calcium carbonate gave a 
saturated acid, m. p. 183—186°, which did not depress the m. p. of the saturated acid (m. p. 
184—185°) prepared by the method of Freeman e¢ a/l.2_ The infrared spectra were also identical. 

The overall yield (18%)? of (XVII) from trichothecolone has been improved to 57%, 
principally by the use of the chromic acid—acetone technique. 

Alkali Fission of Acid (XVII).—The acid (300 mg.) was refluxed under nitrogen in 10% 
aqueous sodium hydroxide (15 c.c.) for 2} min. The mixture was rapidly cooled, and then 
acidified, and the product was isolated with ether; a portion was found readily to sublimeat 85°. 

The residue, acid (XXV) (110 mg.), was crystallised from ether and had double m. p. 165°, 
212—215° (after resolidification) (see below), pK, 4-25 (Found: C, 60-2; H, 66%; equiv., 296. 
C,5H9O, requires C, 60-8; H, 6-8%; equiv., 296). 

Acid (XXV), on melting or on subliming at 185°, gave a lactone (X XVI), m. p. 212—215° 
(Found: C, 64-7; H, 6-4. C,,H,,O, requires C, 64:7; H, 6-5%). The acid was regenerated by 
acid or alkaline hydrolysis. 

The sublimed material was separated into two fractions by means of sodium hydrogen 
carbonate solution. The insoluble fraction (60 mg.), m. p. 209—210° (from benzene), Amax. 2170 
(ec 5400) and 2930 A (e 3450), was identified as p-xyloquinol by comparison with an authentic 
specimen. The soluble fraction, isolated with ether from the acidified aqueous layer, was 
obtained from benzene-hexane as plates (70 mg.) (changing to needles at 120°), m. p. 172—174° 
(Found: C, 59-8; H, 5-8. Calc. for C;H,O,: C, 60-0; H, 5°8%), Amax, 2430 A (e 12,500). This 
material was identical with authentic 2-methyl-3-oxocyclopent-l-enecarboxylic acid,’ kindly 
supplied by Dr. E. Schlittler. The methyl ester gave a 2,4-dinitrophenylhydrazone, m. p. 
206—208° (lit., 202—203°) (Found: C, 50-3; H, 4-6. Calc. for C,,H,,O,N,: C, 50-3; H, 42%). 

Alkali-fission of Acid (XVII).—The acid (300 mg.) was added to hot 10% aqueous sodium 
hydroxide (15 c.c.) which had previously been boiled in nitrogen for 15 min. The solution was 
refluxed for 24 min. under nitrogen, cooled, acidified with dilute sulphuric acid, and extracted 
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with ether. The acidic product was separated by washing with saturated sodium hydrogen 
carbonate solution. The ether solution was dried (Na,SO,), the solvent carefully fractionated, 
and the residual solid (110 mg.) adsorbed on deactivated alumina. Elution with benzene-light 
petroleum (1: 1) and crystallisation of the eluate (93 mg.) from light petroleum gave needles of 
2,5-dimethylcyclohexane-1,4-dione, m. p. 89—90°, mixed m. p. 90—91° with an authentic 
synthetic specimen of the ¢vans-isomer (see below) (Found: C, 68-4; H, 8-5. Calc. for C,H,,0,: 
C, 68-5; H, 8-6%), Amax. 2500 A (e 168). The infrared spectra were also identical. 

The bicarbonate extract yielded an acidic portion (120 mg.), m. p. 164—169°, which on 
recrystallisation from benzene-hexane gave 2-methyl-3-oxocyclopent-l-enecarboxylic acid 
as prisms, m. p. 170—172°. 

2,5-Dimethylcyclohexane-1,4-dione (With J. S. STEPHENSON).—Finely cut lithium (0-35 g.) was 
added to a solution of p-xyloquinol dimethyl] ether (1-07 g.) in ethanol (2-4 g.), liquid ammonia 
(24 c.c.), and ether (20 c.c.). The mixture was stirred for 5 min. and ethanol was added until 
the solution became colourless. The ammonia was allowed to evaporate, and the solution 
diluted with water and extracted with ether. After removal of the solvent the enol ether 
(0-91 g.) crystallised from light petroleum, with m. p. 35—36°. An ethereal solution of this 
material (0-65 g. in 50 c.c.) was stirred with concentrated hydrochloric acid (0-2 c.c.) for 2 hr, 
at 20°. The mixture was neutralised with sodium hydrogen carbonate, and the ethereal solution 
dried and evaporated to give a mixture of diones (0-6 g.) which was adsorbed from light 
petroleum-benzene (2:1; 15 c.c.) on deactivated alumina (Peter Spence’s grade ‘“H” 
deactivated with 5% of 10% acetic acid; 100 g.). Elution with the same solvent gave the 
cis-dione (0-07 g.), needles from light petroleum, m. p. 118—118-5° (Found: C, 68-6; H, 8-6. 
Calc. for C,H,,0,: C, 68-5; H, 86%), followed by the trans-dione (0-40 g.), m. p. 91—92° 
(Found: C, 68-6; H, 8-3%) (cf. lit.,6m. p. 115—117° and 93° respectively). 

A solution of the cis-dione (70 mg.) in water (20 c.c.) was refluxed under nitrogen for 15 min. 
Potassium hydroxide (2-0 g.) was then added and heating continued for 30 min. The solution 
was cooled and the product (60 mg.) extracted with chloroform. Crystallisation from light 
petroleum afforded ¢vans-dione (50 mg.; m. p. 91°) whilst subsequent chromatography of the 
total product gave cis-dione (8 mg.) together with the-tvans-isomer (50 mg.) (thus showing 
that chromatography does not materially affect the composition of the mixture). Repetition 
of this experiment without taking precautions against oxidation led to p-xyloquinone as the 
only isolable product. 

Isopropylidene Derivative (V) of Trihydroxy-ketone (IV; R = isocrotonyl).—Trichothecin 
(1 g.) was refluxed for 2 hr. in 0-1N-hydrochloric acid (150c.c.). The cold solution was extracted 
with chloroform, and the combined extracts were distilled. The residue, without purification, 
was refluxed for 48 hr. in “ AnalaR”’ acetone (50 c.c.) containing toluene-p-sulphonic acid 
(0-05 g.). The solution was neutralised with anhydrous potassium carbonate, and the acetone 
removed by distillation. Isolated via chloroform, the derivative crystallised from methanol in 
plates, m. p. 140—142° (Found: C, 68-2; H, 7-8. C,,H39O, requires C, 67-7; H, 7-7%). 

Isopropylidene Derivative (V) of Trihydroxy-ketone (IV; R = H).—(a) The trihydroxy- 
ketone? (IV; R =H) (0-11 g.), “ AnalaR” acetone (25 c.c.), and toluene-p-sulphonic acid 
(0-02 g.) were refluxed for 20 hr. The solution was neutralised with sodium carbonate, acetone 
was removed by distillation, and the product isolated with ether. The derivative crystallised 
from benzene—hexane in plates, m. p. 182—183-5° (Found: C, 67-5; H, 8-2. C,gH,,O, requires 
C, 67-1; H, 81%). 

(b) The trihydroxy-ketone isopropylidene derivative (V; R = isocrotonyl) (0-2 g.) was 
refluxed with 5% methanolic potassium hydroxide for 2 hr. Isolation in the usual way gave 
the derivative (V; R = H) (0-13 g.), identified by mixed m. p. and infrared spectrum. 

Isopropylidene Derivative of ‘‘ Tricothecodione Glycol.”—The trihydroxy-ketone iso- 
propylidene derivative (V; R = H) (0-07 g.) in pyridine (1 c.c.) was added to the complex 
prepared from pyridine (1 c.c.) and chromium trioxide (0-35 g.) and kept at 20° for 4 days. 
Isolation via ether and crystallisation from benzene—hexane gave trichothecodione glycol iso- 
propylidene derivative (0-05 g.), m. p. 142—143° with previous softening (Found: 67-6; H, 7-5. 
C,sH,,O, requires C, 67-5; H, 7-6%), Amax. 2290 A (e 7400). 

This derivative (0-025 g.) was heated for 2 hr. on the steam-bath with 90% acetic acid. 
Isolation in the usual way gave neotrichothecodione * (III), m. p. 165—166°, undepressed on 
admixture with an authentic specimen and with an identical infrared spectrum. 

Permanganate-catalysed Periodate Oxidation of the Trihydroxy-ketone (IV; R = H).—The, 
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trihydroxy-ketone (IV; R = H) (0-14 g., 0-5 mmole) was dissolved in, and made up to 200 c.c. 
with, a stock solution of Lemieux’s reagent ® [containing anhydrous potassium carbonate 
(7-5 mmole), sodium periodate (20 mmole), and potassium permanganate (0-3 mmole) per 1.). 
The reagent and the reaction mixture were titrated for periodate. After 20 hr. the equivalent 
of 1 mole of trihydroxy-ketone (IV; R = H) had reduced 2-95 moles; after 70 hr., 3-5 moles; 
after 5 days, 3°7 moles; and after 7 days, 3-85 moles of periodate. 

An aliquot part of the solution (50 c.c.) was acidified and concentrated to a small volume. 
The distillate was treated with 0-1N-sodium hydroxide and required 1-54 c.c. for neutralisation 
(theor. for 1 mol. of acetic acid, 1-50 c.c.). The solution was evaporated to about lc.c. Paper 
chromatography *” of a drop of this solution indicated the presence of formic or acetic acid. 
The remainder of the solution was evaporated to dryness and refluxed for 1 hr. with ethanol 
(0-5 c.c.) and 4-phenylphenacyl bromide (30 mg.). Recrystallisation of the product from 
ethanol gave 4-phenylphenacyl acetate, m. p. and mixed m. p. 109—111°. 

Allodihydrotrichothecolone (XIX).—(a) From trichothecin. To boiling N-sodium hydroxide 
(50 c.c.) was added zinc dust (5 g.), followed by trichothecin (1-0 g.). When the organic layer 
had dissolved (45 min.) the mixture was cooled, filtered, and continuously extracted with ether 
for 20 hr. The product crystallised from the ether in prisms (0-5 g.), changing crystalline form 
at 241—242° and thereafter melting up to a temperature of ca. 290° (Found: C, 67-4; H, 8-4. 
CsH_.O, requires C, 67-6; H, 83%), Vmax, 3605, 3540, 1710 cm."*.  R.D. in methanol (c 0-054): 
faj* (7000 A), +50°; (5890), +83°; (3100), +3400°; (2750), —3400°; (2700), —3060°. Allo- 
dihydrotrichothecolone cannot be catalytically hydrogenated at atmospheric pressure and 
gives no colour with tetranitromethane. 

(b) From trichothecolone. When trichothecolone (1-0 g.) was treated as described above, 
allodihydrotrichothecolone (0-59 g.) was isolated after continuous ether-extraction. 

Allodihydrotrichothecolone Diacetate.—Allodihydrotrichothecolone (25 mg.) was refluxed with 
acetic anhydride (5 c.c.) and sodium acetate (50 mg.) for 4 hr. The diacetate was isolated and 
slowly crystallised from hexane; it had m. p. 70—73° (Found: C, 65-7; H, 7-8; Ac, 28-1. 
C,H,,O, requires C, 65-1; H, 7-5; 2Ac, 246%), vmax, 1740, 1712 cm.7. 

Allodihydrotrichothecolone Carbonate.—Allodihydrotrichothecolone (40 mg.), diethyl carbonate 
(300 mg.), and sodium (ca. 1 mg.) were heated at 120° for 3 hr.14 Crystals separated on cooling 
and these when crystallised from ethanol gave the carbonate as prisms, m. p. 270—271° (Found: 
C, 65:7; H, 7-1. CygH yO, requires C, 65-7; H, 6-9%), vnax, 1770, 1720 cm.*. 

Diketo-acid (XX) from Allodihydrotrichothecolone.—Allodihydrotrichothecolone (2-0 g.) was 
dissolved in ‘‘ AnalaR ”’ acetone (400 c.c.) and treated with 8n-chromic acid reagent (see above) 
slowly and with shaking until an orange colour persisted. After 15 min. the mixture was 
diluted with water (400 c.c.) and extracted with chloroform (10 x 200 c.c.). The extracts 
were washed with water, dried (Na,SO,), and evaporated. The residue (2-0 g.), m. p. 240— 
245° (slight decomp.), on recrystallisation from benzene gave the acid as stout needles, m. p. 
243—245° (slight decomp.), pK, 3-6 (Found: C, 64-9; H, 6-6. C,;H,,O, requires C, 64-7; H, 
65%). R.D. in methanol (c 0-0595): [aJ** (7000 A), +20°; (5890), +30°; (3150), +1400°; 
(2850), —1530°. vnax 1740 and 1708 cm.! together with typical -CO,H absorption in the 
3000—2500 cm.*! region. 

Bromination of Allodihydrotrichothecolone.—Allodihydrotrichothecolone (306-4 mg.) was dis- 
solved in the brominating reagent 1* (10 c.c.) [bromine (ca. 20 g.) and constant-boiling hydro- 
bromic acid (0-1 c.c.) were made up to 100 c.c. with glacial acetic acid] and kept at 40°. Bromine 
estimations revealed that after 1 day 0-99 mol. and after 2 days, 1-09 mol. had been consumed. 

The reaction mixture was evaporated at 15 mm. and the bromo-diacetate crystallised from 
ether to give prisms (0-26 g.), m. p. 159—160° (Found: C, 53-4; H, 5-8; Br, 19-0. C,,H,,BrO, 
requires C, 53-1; H, 5-9; Br; 18-6%), Vmax. 1740 cm.*. 

The bromo-ester (0-3 g.) was dissolved in N-methanolic sodium hydroxide (25 c.c.) and kept 
at 20° for 2 days. The solution was diluted with water (100 c.c.), the methanol removed at 
20°/15 mm., and the residual aqueous solution continuously extracted with ether for 20 hr. 
Removal of solvent and crystallisation from benzene-ethyl acetate gave the bromo-ketone as 
prisms, changing crystalline form’at 210—212° and melting at 230° (decomp.) (Found: C, 52-3; 
H, 61; Br, 23-2. C,,H,,BrO, requires C, 52-2; H, 6-1; Br, 23-1%). R.D. in methanol 
(c 0-0565): {aJ*° (7000 h), +44°; (5890), +64°, (5000—4500, broad peak) +88°; (3430) +-335°; 

” Block, Durrum, and Zweig, “‘ A Manual of Paper Chromatography and Paper Electrophoresis,” 
Academic Press, New York, N.Y., 1955, p. 157. 
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(3370, shoulder) +315°; (2950) —290°; (2920) —255°; (2900) —290°; (2800) +285°. = 
1725 cm.}. 

Treatment of the bromo-diacetate with zinc dust and acetic acid followed by hydrolysis 
with N-methanolic potassium hydroxide gave allodihydrotrichothecolone, identified by m. p, 
mixed m. p., and infrared spectrum. 

Bromination of Diketo-acid (XX).—The diketo-acid (XX) (326-9 mg.) was dissolved in the 
brominating reagent * (see above; 10c.c.) and kept at 40°. Bromine estimations revealed that 
after 1 day 1-80 mol. and after 2 days 2-06 mol. had been consumed. 

The reaction mixture was evaporated at 15 mm. and the dibromo-derivative crystallised 
from ether (210 mg.); it had m. p. ca. 260° (decomp.) (Found: C, 41-5; H, 4-0; Br, 36-1. 
C,;H,,Br,O, requires C, 41-3; H, 3-7; Br, 36-6%). R.D. in methanol (c 0-0825): [a]** (7000 A), 
—80°; (5890), —80°; (3480), —1220°; (2900 shoulder) +1550°; (2750), +2200°. v,. 
1740 cm.*?. 

Benzylidene Derivative of Diketo-acid (XX).—The acid (100 mg.) was dissolved in N-alcoholic 
sodium hydroxide (20 c.c.) containing benzaldehyde (200 mg.). After 3 days at 20° the mixture 
was treated with dilute acid; isolation via chloroform gave the benzylidene derivative which 
crystallised from benzene—hexane in pale yellow needles (120 mg.), m. p. 237—-238° (Found: 
C, 72-4; H, 5-8. C,,H,,0, requires C, 72-1; H, 6-0%), Amax, 2250 (e 9000), 2300 (e 9000), and 
3070 A (ec 24,000). 

Isotrichothecolone Diacetate.—Isotrichothecolone (100 mg.) was refluxed for 4 hr. with sodium 
acetate (300 mg.) and acetic anhydride (3 c.c.). After evaporation under reduced pressure the 
residue was taken up in chloroform, and the solution washed with sodium hydrogen carbonate 
solution, dried and evaporated. The diacetate crystallised from hexane in needles (65 mg.), m. p. 
155—157° (Found: C, 65-2; H, 7-2; Ac, 23-7. C,gH,,O0, requires C, 65-5; H, 6-9; 2Ac, 24-7%), 
Aenax. 2290 A (e 10,700). 

Isotrichothecolone Bis(ethyl Carbonate).—Isotrichothecolone (40 mg.), diethyl carbonate 
(300 mg.) and sodium (ca. 1 mg.) were heated at 120° for 6 hr. The diethyl carbonate was 
removed and the residue treated with ethanol and a drop of water. The product crystallised 
slowly, and recrystallisation from benzene-light petroleum gave the bis(ethyl carbonate), m. p. 
168—172° (Found: C, 61-9; H, 7-0. C,,H,,O, requires C, 61-8; H, 6-9%), vmax 1750 and 
1678 cm.*. 

Permanganate-catalysed Periodate Oxidation of Isotrichothecolone.—Isotrichothecolone (132 
mg., 0-5 mmole) was dissolved in, and made up to 200 c.c. with, a stock solution of Lemieux’s 
reagent * (see above). The reagent and the reaction mixture were titrated for periodate. 
After 20 hr. the equivalent of 1 mole of isotrichothecolone had consumed 4-75 moles; after 
70 hr., 5-6 moles; after 5 days, 5-8 moles; and after 7 days, 5-9 moles of periodate. 

An aliquot part of the solution (50 c.c.) was acidified and the solution evaporated. The 
distillate required 1-54 c.c. of 0-1N-sodium hydroxide for neutralisation (theor. for 1 mol. of 
acetic acid, 1-50 c.c.). The acid was identified as acetic acid (as above) by paper 
chromatography '? and preparation of the 4-phenylphenacyl ester, m. p. and mixed m. p. 
108—110°. 

Diketo-acid (XXIII) from Isotrichothecolone.—Isotrichothecodione (1-5 g.) in ethanol (30 
c.c.) was treated with sodium borohydride (0-6 g.) and kept at 20° for 40 hr. Acetone (2 c.c.} 
was added, followed by 2n-sulphuric acid (10 c.c.) and water (50c.c.). The ethanol was removed 
at 20°/20 mm. and the aqueous solution continuously extracted with ether for 2days. Removal 
of the ether yielded the triol mixture (1-4 g.) which partially crystallised in contact with benzene 
(m. p. 60—85°); the infrared spectrum showed the absence of any carbonyl function. 

The triol mixture in ethanol (100 c.c.) was hydrogenated over 10% palladium-—norite (0-2 g.). 
Filtration and removal of solvent gave a residue which was treated with Lemieux’s reagent’ 
(1 L; see above) at 20° for 2 days. The reaction mixture was continuously extracted with 
ether for 2 days; the residue (0-8 g.) obtained on removal of the ether showed no carbonyl 
absorption in its infrared spectrum. The aqueous solution was acidified and continuously 
extracted with ether for 2 days. The viscous product (210 mg.; Vmax 1740, 1710 cm. and 
typical CO,H absorption in 3000—2500 cm.* region) in “ AnalaR”’ acetone (50 c.c.) was 
oxidised with the 8x-chromic acid reagent. The product, isolated in the usual way, crystallised 
slowly from benzene, giving the diketo-acid (XXIII), m. p. 104—109° (Found: C, 64-4; H, 
69%; equiv., 288. C,,H»O, requires C, 643; H, 7-2%; equiv. for monobasic acid, 289), 
PKa 43, Yeax 1740, 1725, 1706, and typical CO,H absorption in the 3000—-2500 cm, region. 
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Bromination of ‘‘ Dihydrotrichothecolone Glycol.’’—Dihydrotrichothecolone glycol? (271-4 
mg.) was dissolved in the brominating reagent }* (10 c.c.; see above) and kept at 40°. After 
1 day the bromine contents of the reagent and reaction mixture were determined. The 
equivalent of 1 mole of dihydrotrichothecolone glycol had consumed 3-06 moles, and after 2 
days, 3-10 moles of bromine had been consumed. 

Bromination of Dihydroisotrichothecolone.—Isotrichothecolone (565-7 mg.) in ethanol (50 c.c.) 
was hydrogenated over 5% palladium-norite (200 mg.). The mixture was filtered quantit- 
atively, the solvent removed, and the residue treated with the brominating reagent * (10 c.c.; 
see above) and kept at 40°. After 1 day 1-75 mol. and after 2 days 2-05 mol. had been 
consumed. 

On cooling of the solution, the dibromo-ketone (480 mg.) crystallised in fine needles, m. p. 
235—236° (Found: C, 43-9; H, 4-8; Br, 34-1. C,,H,.Br,0, requires C, 43-8; H, 4-8; Br, 
343%), Vmax, 3600, 1740, and 1716 cm... 

The dibromodihydroisotrichothecolone monoacetate (70 mg.) was dissolved in glacial acetic 
acid (20 c.c.), and zinc dust (0-3 g.) was added. The mixture was stirred for 5 min., filtered, 
and washed with acetone. Removal of solvent and crystallisation from benzene—light 
petroleum gave acetyldihydroisotrichothecolone, m. p. 120—122° (lit.,* 123—124°). 


The authors gratefully acknowledge a gift of trichothecin from Imperial Chemical 
Industries Limited and information about unpublished studies made in their laboratories. 
They also thank the Medical Research Council for further supplies of trichothecin made at the 
Antibiotics Research Station, Clevedon, and Drs. C. Djerassi and W. Klyne for optical rotatory 
dispersion data. This work was carried out during the tenure of a U.S. Public Health Ser- 
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784. The Biogenesis of Trichothecin. 
By E. R. H. Jones and G. Lowe. 


The antifungal metabolite trichothecin (Ia) has been obtained in labelled 
forms from cultures of the fungus Trichothecium roseum Link grown on media 
containing sodium [l-“C]acetate and [2-™C]mevalonic lactone (II). By 
degradation of these products it has been shown that the trichothecolone 
moiety (Ib) is biogenetically sesquiterpenoid in origin, a double 1,2-methyl 
group migration being involved, whereas the isocrotonate portion is derived 
rather directly from acetate units. 


THE structure of trichothecin, an antifungal metabolite of Trichothecium roseum Link, has 
been established +? as (Ia). Although the C,, moiety, trichothecolone (Ib), contains 
three methyl groups, its carbon skeleton cannot be derived by the classical head-to-tail 
linking of three isopentane units. However, the structure (Ib) does 
O obey the Ruzicka biogenetic isoprene rule,® #.e., a normal sesquiter- 
penoid skeleton can be achieved by a 1,3- or double 1,2-methyl group 
om migration. It was therefore of interest to ascertain whether or not 
the biochemical “‘ isoprene unit,”” mevalonic acid ¢ (II), is utilised as a 
major source of its carbon skeleton. Added interest was aroused 
when during this work it was revealed that rosenonolactone,® a meta- 
bolite .of the same fungus but structurally unrelated to trichothecin, 
readily incorporates labelled mevalonic acid and that the labelled carbon atoms are 
located at the expected positions in the molecule.® 


* Freeman, Gill, and Waring, J., 1959, 1105. 

* Fishman, Jones, Lowe, and Whiting, preceding paper. 

® Ruzicka, Experientia, 1953, 9, 357; Proc. Chem. Soc., 1959, 341, 

* Wolf, Hoffmann, Aldrich, Skeggs, Wright, and Folkers, /. Amer. Chem, Soc., 1956, 78, 4499; 
“ CIBA Symposium on Terpene and Sterol Biosynthesis,"’ Churchill, London, 1959, 

* Harris, Robertson, and Whalley, J., 1958, 1799. 


we. Birch, Rickards, Smith, Harris, and Whalley, Proc. Chem. Soc., 1958, 228; Britt and Arigoni, édid., 
58, 224. 
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Sodium [1-“C]acetate was incorporated into trichothecin (Ia) to the extent of about 
0:2%. Hydrolysis showed that about 95% of the activity was in the isocrotonate moiety 
and only about 5% in the trichothecolone (Ib). 

The observation? that in mycophenolic acid the extent of incorporation of acetate 
into the nucleus (shown to be derived directly from acetate) and into the isoprenoid side. 
chain was the same, must therefore, as expected, be fortuitous. 

[2-44C]Mevalonic lactone (II) was incorporated into trichothecin (Ia) to the extent of 
about 0-5%. The distribution of the radioactivity was found by degradation to be as 
shown diagrammatically. It is noteworthy that no activity was found in the isocrotonate 
moiety, indicating, as has been previously observed,’ that mevalonic acid is an irreversible 
precursor of the isopentane unit (isopentenyl pyrophosphate 8) used in terpene biosynthesis, 

Degradation of the trichothecolone by the procedure already described }? gave 2,5. 
dimethylcyclohexane-1,4-dione (III) and 2-methyl-3-oxo-cyclopent-l-enecarboxylic acid 
(IV) having relative molar activities (7.e., counts/100 sec. x M) in the ratiol:2. [Owing 
to its volatility the activity of the diketone (III) had to be computed from that of the 
diacetyl-p-xyloquinol.] Since trichothecolone contains fifteen carbon atoms it is 
reasonable to assume that it contains three active carbon atoms and that the above two 
fragments derived from it contain one and two active carbon atoms respectively. By 
degradation of the acid (IV) with Lemieux’s reagent ® (periodate containing a trace of 
permanganate), succinic and acetic acid were isolated, the latter as its 4-phenylphenacyl 
ester. The presence of one active carbon atom in each of these acids permitted the 
conclusion that the active methyl group had migrated and that a double 1,2-methyl 
shift and not a single 1,3-methyl shift had occurred. This result was confirmed by an 
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alternative degradation (see diagram) that involved the decarboxylation of the {-keto- 
acid (V) obtained by stepwise oxidation of trichothecolone glycol? and isolation of the 
7 Birch, English, Massy-Westropp, and Smith, J., 1958, 369. 


* Lynen, Eggerer, Henning, and Kessel, Angew. Chem., 1958, 70, 738. 
* Lemieux and von Rudloff, Canad. J. Chem., 1955, 38, 1701. 
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carbon dioxide as barium carbonate, which was found to be inactive. This result was, of 
course, to be expected on mechanistic grounds and in the light of recent observations of 
double 1,2-methyl migrations in the biogenesis of steroids and triterpenes.1%" 

The cyclisation of the six-membered ring of trichothecolone could presumably occur 
in two ways (VIa and b). In order to distinguish between them it was necessary to 
degrade the 2,5-dimethylcyclohexane-1,4-dione (III). The dienol diacetate was prepared 

and dehydrogenated with tetrachloro-1,8-diphenoquinone * 


7 B to diacetyl-p-xyloquinol. Nitration gave the dinitro-derivative 
gb 4 p> which was degraded with barium hypobromite * to barium 

’ : carbonate, bromopicrin, and acetic acid. The bromopicrin was 

(a) (VI) (b) oxidised to carbon dioxide, converted into barium carbonate, 
and found to contain the active carbon atom, indicating that the six-membered ring in 
trichothecin was formed as in (VIa). This result provides yet another illustration of 


the linking réle of the carbon atom adjacent to the carboxyl group in mevalonic acid in the 
head-to-tail fusion of the isopentane units.®™ 


EXPERIMENTAL 


Radioactive Assay.—Specimens were assayed for radioactivity as “ infinitely thick ’’ solid 
samples of standard geometry and 1 sq. cm. cross-sectional area.* Counting rates were 
corrected for background; all other sources of error proved to be negligible. Counting equip- 
ment consisted of an EKCO automatic scaler of type N530C in conjunction with a probe unit 
and Mullard Geiger—Miiller tube of type MX123. The counts per 100 sec. were determined by 
recording the time required for 10° counts to be aggregated. Hence the statistical counting 
error had a 99-7% probability of being less than 1%.1* Estimates of absolute activity (for 
determining incorporation) were obtained by comparison with a disc of radioactive poly(methyl 
methacrylate) (Amersham) of nominal specific activity 0-1 wc/g., counted under identical geo- 
metrical conditions. All specimens where possible were recrystallised to constant activity. 

Isolation of (4C]Trichothecin.—(a) Trichothecium roseum Link was grown under the conditions 
already described.1? Preliminary experiments had shown that trichothecin was produced 
steadily from the time of inoculation. Accordingly sodium [1-'C]acetate (0-08 mc; 1-3 mg.) 
was distributed evenly between 2 flasks each containing 750 c.c. of medium, before inoculation. 
After 28 days’ growth the trichothecin was isolated and diluted with inactive trichothecin 
(1-0 g.) (Found: relative molar activity x 10, 1100). The yield in terms of incorporation of 
radioactivity was about 0-2%. 

(b) [2-4C]Mevalonic lactone (0-1 mc; 21-6 mg.) was similarly distributed between two 
flasks, each containing 750 c.c. of medium, before inoculation. After 28 days’ growth the 
trichothecin was isolated and diluted with inactive trichothecin (15-0 g.) (Found: relative molar 
activity x 10%, 171). The yield in terms of incorporation of radioactivity was about 0-5%. 

Hydrolysis of Trichothecin (from Sodium [1-'C]Acetate)—-Treatment of the trichothecin 
with n-methanolic potassium hydroxide! gave trichothecolone (Found: relative molar 
activity x 10%, 71) and 6-methoxybutyric acid isolated as its 4-phenylphenacy] ester (Found: 
relative molar activity x 10°, 1050). 

Hydrolysis of Trichothecin (from [2-4C]Mevalonic Lactone).—Treatment of trichothecin 
with N-methanolic potassium hydroxide solution! gave trichothecolone (Found: relative 
molar activity x 10%, 173; 3C* require 171) and $-methoxybutyric acid isolated as its 
4-phenylphenacyl ester (Found: relative molar activity x 10°, 0-2). 

Degradation of Trichothecolone (from [2-*C]Mevalonic Lactone).—(a) The following sequence 
of reactions has previously been described in detail.» The radioactive trichothecolone (5-0 g.) 


Cornforth, Cornforth, Pelter, Horning, and Popjak, Proc. Chem. Soc., 1958, 112. 
11 Maudgal, Tchen, and Bloch, J. Amer. Chem. Soc., 1958, 80, 2589. 
## Braude, Brook, and Linstead, J., 1954, 3569. 
%* Baddiley, Ehrensvard, Klein, Reio, and Saluste, J. Biol. Chem., 1950, 188, 777. 
4 Amdur, Rilling, and Bloch, *]. Amer. Chem. Soc., 1957, 79, 2646; Birch, Rickards, and Smith, 
Proc. Chem. Soc., 1958, 192. 
% Popjak, Biochem. J., 1950, 46, 560. 
** Faires and Parks, “ Radioisotope Laboratory Techniques,” Newnes, London, 1958, 153. 
”” Freeman and Morrison, Biochem. J., 1949, 44, 1; Freeman, J. Gen. Microbiol., 1955, 12, 213. 
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was oxidised to trichothecodione which was isomerised with base to neotrichothecodione. 
Oxidation of neotrichothecodione followed by catalytic hydrogenation gave an acid (3-1 g, 
crude) which was cleaved with alkali * to give 2,5-dimethylcyclohexane-1,4-dione (0-78 g.) (too 
volatile for satisfactory counting) and 2-methyl-3-oxocyclopent-1l-enecarboxylic acid (0-51 g.) 
(Found: relative molar activity x 10, 113; 2C* require 114). 

(b) The following sequence of reactions has previously been described in detail.1 Trichothe- 
colone (3-0 g.) was treated with acid, and the resulting “‘ trichothecolone glycol ”’ oxidised 
stepwise (see diagram) to the @-keto-acid (0-4 g.). Decarboxylation of this gave the diketone 
(Found: relative molar activity x 10°, 168; 3C* require 171) and carbon dioxide collected 
as barium carbonate (Found: relative molar activity x 10°, 0-2). 

Degradation of 2,5-Dimethylcyclohexane-1,4-dione.—The diketone (0-78 g.), acetic anhydride 
(20 c.c.), and toluene-p-sulphonic acid (0-4 g.) were heated at 130° in an oil-bath for 4 hr. The 
solution was poured into water and extracted with ether, and the extracts were washed with 
sodium carbonate solution, water, dried (Na,SO,), and evaporated. The residue crystallised 
from ethanol in needles, m. p. 136—137°, but this m. p. was depressed to 122-—128° on admixture 
with 2,5-dimethylquinol diacetate (m. p. 134—135°; prepared by treatment of p-xyloquinone 
with zinc dust, acetic acid, and acetic anhydride *). The crude product in benzene (20 c.c.) 
was refluxed for 8 hr. with tetrachloro-1,8-diphenoquinone ?* (2-5 g.). The cooled mixture was 
filtered and purified by chromatography on alumina from benzene. The evaporated eluate 
(0-39 g.) crystallised, and recrystallisation from ethanol gave 2,5-dimethylquinol diacetate, 
m. p. and mixed m. p. 134—135° (Found: relative molar activity x 10°, 55; 1C* requires 57), 

The diacetate was treated at 0° with about a 5-fold excess of fuming nitric acid (d 1-5), 
After 1 hr., ice-water (20 c.c.) was added and the mixture extracted with ether. The combined 
extracts were washed with water, dried (Na,SO,), and evaporated at 20°. The 2,5-dimethyl- 
3,6-dintiroquinol diacetate crystallised from methanol in yellow plates, decomp ca. 100° without 
melting (Found: C, 46-7; H, 3-9. C,,.H,,0,N, requires C, 46-2; H, 3-9%). 

The dinitro-compound (0-26 g.) was treated with a carbonate-free solution of barium 
hydroxide (20 c.c., containing ca. 1 g. of barium hydroxide) at 20°. After 2 hr. bromine 
(0-2 c.c.) was added and after a further 1 hr. the mixture was acidified and the liberated carbon 
dioxide collected as barium carbonate (0-21 g.) and washed with carbonate-free distilled water 
(Found: relative molar activity x 107, 0-2). 

The residual aqueous mixture was basified and the bromopicrin (0-30 g.) isolated by steam- 
distillation. Van Slyke—Folch ? oxidation gave carbon dioxide which was collected as barium 
carbonate (0-09 g.) and washed with carbonate-free distilled water (Found: relative molar 
activity x 10°, 27-5, $C* requires 28-5). 

Degradation of 2-Methyl-3-oxocyclopent-1-enecarboxylic Acid.—The pure acid (0-30 g.) was 
dissolved in Lemieux’s reagent ® (1 1.) [1 1. of reagent contained anhydrous potassium carbonate 
(7-5 mmoles), sodium periodate (20 mmoles) and potassium permanganate (0-3 mmole)], and 
kept at 20° for 4 days. The solution was acidified and continuously extracted with ether for 
4 days. The ether was carefully removed through a column and the residue triturated with 
ether. The ethereal solution was decanted and the colourless solid residue washed with ether, 
to give pure succinic acid (0-09 g.), m. p. and mixed m. p. 185° (Found: relative molar activity x 
10%, 57; 1C* requires 57). 

The ether washings were combined and the ether carefully removed by fractional distillation. 
The residue yielded acetic 4-phenylphenacy] ester (0-04 g.), m. p. and mixed m. p. 109—1I11° 
(Found: relative molar activity x 10%, 55; 1C* requires 57). 


For acknowledgments, see preceding paper. 
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18 Smith and Opie, J. Org. Chem., 1941, 6, 427. 
18 See Calvin, Heidelberger, Reid, Tolbert, and Yankwich, “ Isotopic Carbon,’’ Wiley, New York, 
N.Y., 1949, p. 92. 
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785. The Molecular-weight Distribution in Some Poly(methyl 
Methacrylates). 


By T. J. R. WEAKLEy, R. J. P. Wittiams, and J. D. Witson. 


Methods of fractionating poly(methyl methacrylates) have been tested. 
A column procedure is used to fractionate the three types of polymer: 
(i) initiated by free radicals which are made by photolysis or by thermal 
decomposition of initiators; (ii) initiated by anions at room temperature; 
(iii) initiated by anions at low temperatures. Two anions were used as 
initiators. The molecular-weight distributions in the polymers are very 
different and depend on both the nature of the initiator and the conditions of 
polymerisation. The causes of these differences are discussed. Tung’s 
equation,’ which is said to be particularly suitable for representing distribu- 
tions, is analysed. 


TuE distribution of molecular weights in a polymer can be predicted only if the kinetics 
of formation of the polymer are readily described by simple equations. In preceding 
papers ®° it was shown that the molecular-weight distributions in polystyrenes, polyesters, 
and polysarcosines, prepared under controlled conditions, are very nearly those expected 
from different sets of simple rate equations. Polymerisation of methyl methacrylate does 
not proceed in such a simple way. Radical-initiation was thought to lead to the distribu- 
tion expected from chain-termination by combination,‘ but more recently it has been 
shown by an analysis of end-groups*® that both combination and disproportionation of 
radicals occur. In such circumstances the distribution of molecular weights is likely to 
vary considerably with the conditions of polymerisation, ¢.g., temperature and solvent. 
In an early study * an attempt was made to determine the molecular-weight distribution 
in a radical-initiated polymer, but the methods used can now be shown to be unsatis- 
factory (see below). Brown and Szwarc ? prepared a number of poly(methyl methacrylates) 
by anion-initiation where there is only self-termination. The distribution of the molecular 
weights in such polymers is calculated ® to vary between that of the Poisson distribution 
and that found in radical-polymerisations when termination is by disproportionation. 
From analogy with work on other polymers ®!° a totally different molecular-weight 
distribution is to be expected in isotactic polymers produced in the presence of colloidal 
catalysts. Isotactic poly(methyl methacrylates) can be prepared by initiation at low 
temperatures by fluorenyl-lithium." These observations suggest that a wide variety of 
distributions will be found in poly(methyl methacrylates) and that a knowledge of the 
distributions will add to the understanding of the kinetics of their formation. 

Fractionation.—Three methods have been used: fractional precipitation, fractional 
extraction in a column,! and chromatography.2* In the first two procedures the only 
variable is the solvent (see Table 1). We used the same solvent systems for all three 
methods. 

Our original chromatographic procedure has been modified for the fractionation of 


1 Tung, J. Polymer Sci., 1957, 24, 333. 

* Baker and Williams, /., 1956, 2352. 

* Pope, Weakley, and Williams, J., 1959, 3442. 

* Baxendale, Bywaters, and Evans, Trans. Faraday Soc., 1946, 42, 675. 

® Bevington, Melville, and Taylor, J. Polymer Sci., 1954, 12, 449. 

* Ayrey and Moore, J. Polymer Sci., 1959, 36, 41; Bamford and Jenkins, Nature, 1955, 176, 78. 

? Brown and Szwarc, Trans. Faraday Soc., 1958, 54, 516. 

* Gold, J. Chem. Phys., 1958, 28, 91. 

® Henry, J. Polymer Sci., 195%, 36, 3. 

© Ang, J. Polymer Sci., 1957, 25, 126. 

m oo. Stiles, and Yancoski, Abstracts of Papers, 135th Meeting Amer. Chem. Soc., 1959, S.14, 
paper 3/. 

 Desreux, Rec. Trav. chim., 1949, 68, 789. 
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polymers of high average molecular weight, for which the earlier method was unsatis. 
factory in the specific case of poly(methyl methacrylates). The column (Fig. 1) was 
inverted, so that the solvent flowed up the column, the temperature increasing from top to 
bottom. With this arrangement it is essential that the solvents are degassed before enter. 
ing the column. A suitable device is shown in Fig. 1. The advantage of the inverted 
column is that polymer gel, which is denser than polymer solution in equilibrium with it, 
will flow, if it flows at all, into column regions of better solvent properties at a higher 


TABLE 1. Solvent systems used in fractionations. 


Polymer class 10°M, Poor solvent Good solvent Comment 

5—10 Cyclohexane 50% EtOH-COMeEt } 

a 10—25 > 7:3 EtOH-COMeEt | 
A,C 25—60 - 4:1 EtOH-COMeEt 

» C, 


Fractionation 

a COMeEt satisfactory 
D 0125 {ton COMeEt 

>125 70% EtOH-COMeEt COMeEt Fractionation 
unsatisfactory 


temperature. In the earlier procedure the gel flowed into cooler regions of lower solvent 
power and the column sometimes became blocked. The new procedure prevents blocking 
but we do not know if the method of fractionation is improved in any other way. 

A second and frequent difficulty with the column procedure is that the sequence of 
molecular weights does not follow the sequence of tube numbers at the end of the chromato- 
gram, undoubtedly owing to a failure of the method. Change of solvent gradient often 





Fic. 1. Apparatus for upward elution. A, Solvent 
reservoir and mixing vessel which produce the solvent 
gradient; B, degassing column, heated at top and 
cooled at bottom; C, “‘ inverted”’ chromatographic 
column; D, syphon; E, to the fraction collector. 
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overcomes this problem. When this difficulty is met the solution leaving the column 
is not saturated: the procedure cannot then be satisfactory in theory and is unlikely to be 
so in practice. 

Tests of the Fractionation.—The methods of fractionation of a polymer can be tested by 
the analysis of a polymer of known molecular-weight distribution or by the demonstration 
that the fractions are nearly homogeneous, 1.¢., the weight average to number average 
molecular weight ratio, M,:M,, approaches one. There is no simple procedure which 
leads to a poly(methyl methacrylate) of known molecular-weight distribution. On the 
other hand, there is a well-defined relation %™ between M,, and the intrinsic viscosity m 
any solvent, [%], which is independent of heterogeneity of the fractions. From recorded 
data it seems that for chloroform solutions the best relation is [q]ogq, = 66 x 10°M,%”. 

Bischoff and Desreux, Bull. Soc. chim. belges, 1952, 61, 10. 


* Cantow and Schulz, Z. phys. Chem. (Frankfurt), 1954, 2, 9; Cantow, Meyerhoff, and Schulz, J. 
Polymer Sci., 1953, 10, 7. 
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From osmometric measurement of M, and determination of [n]oua, the homogeneity of 
polymers can be estimated. As a standard test polymer for fractionation, which was 
required in large quantities, we used a commercial product, called below polymer D.1. 
It has M, of 68,000 and [»]oxoi, 0-61, whence M, : M, is 1-95. This polymer was fraction- 
ated several times by all three methods. Thirty-seven fractions prepared by the chromato- 
graphic method had M,, : M, ratios between 1-05 and 1-15, the ratio being independent of 
M,. This means that a plot of [nJona, against M, for these polymers lies very close to, 
but just above, the calibration curve of [y]ona, against M,. Twenty-seven fractions 
prepared by fractional solution of a film on glass beads held in a column had M,: M, 
ratios between 1-05 and 1-15. This shows that the method is as efficient as the chromato- 
graphic procedure. There was, however, an increase of the ratio with molecular weight, so 
that at high molecular weights the method appears to be somewhat inferior to the column 
method. Thirty-three fractions from standard batch fractional-precipitation procedures, 
applied to polymer in 0-1—1-0 wt. % concentration, had M,, : M, from 1-10 to 1-40, showing 
that this method of fractionation is here unsatisfactory. There was a strong correlation 
of the ratio with molecular weight, the ratio increasing as the molecular weight increased. 
No dependence of the ratio on dilution of the polymer in the fractionation procedure could 
be demonstrated in the above concentration range. The batch method of fractional 


Fic. 2. The frequency distribution of molecular 
weights in six batch fractions from an industrial 
poly(methyl methacrylate). 


Freguency 








- 
200 400 600 800 
107 Mol. wt. 


precipitation was used in an early fractionation * of poly(methyl methacrylate); there 
also a calibration curve of [y]oum, against M, determined from batch fractions was used 
to find the molecular weights of the fractions. The combination of these procedures leads 
to a distribution for polymer D.1. very different from that obtained by the method used 
here—fractionation by the chromatographic procedure and molecular-weight determin- 
ation from a calibration curve of [y]ouq, against M, for column fractions. We do not 
consider that the earlier procedure can give a correct distribution. In Fig. 2 we illustrate 
this point by giving the distribution of molecular weights in the batch fractions. If instead 
of a molecular-weight distribution a distribution is given by plotting cumulative weight 
per cent against [y]ogo,, then we have found that in a number of cases the viscosity 
distribution is independent of the fractionation procedure. Thus the best available 
molecular-weight distribution for a polymer can be obtained by batch fractionation if the 
molecular weights of the fractions are then obtained as weight averages from a good 
calibration of [] against M,. 

Molecular-weight Distributions.—We have analysed the following polymers (Table 2): 
(A) Polymers of low molecular weight prepared by thermal free-radical initiation in both 
the presence and the absence ef chain-transfer agents; (B) polymers of medium molecular 
weight prepared by photochemical initiation in the presence of ferric salts; (C) a series of 
polymers prepared by anion-initiation; (D) two emulsion polymers prepared industrially. 
(For details see Table 2.) We shall discuss the polymers in each class separately. 
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(A) The conditions of preparation of these polymers were rather ill-defined (see p. 3971) 
and we expected the polymers to have broad molecular-weight distributions. In no cage 
was this true. A typical distribution is shown in Fig. 3 and compared with the distriby. 
tion expected for termination by combination. It will be seen that the polymer has a 
narrow distribution. This result is the more surprising as the conditions (high initiator 
concentration, high monomer concentration, presence of chain transfer agents) might al] 
have led in theory to much broadening of the distribution.* We do not understand the 
observations.* 


TABLE 2. The polymers. 
Method of preparation 


Polymer ‘ Solvent Regulator 
A.l , . CCl, HS-CH,°CO,H 
. ’ C,H, rs 
NEt, None 
CCl, 
CCl, 
CCl, 
Bulk monomer 
Action of light on ferric picolinate at different 
monomer concentrations 
Toluene —80° 





QO ww 


190-0 

45-0 

5-0 

12-0 

21-0 

67-0 ' 

65-0 ‘a —70 
131-1 Industrial emulsion polymerisation 
400-0 0 oa " 


Initiation: A, with azobutyronitrile; C.1 to C.7 with fluorenyl-lithium; C.8 to C.10 with butyl- 
lithium; D, with benzoyl peroxide. 
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Fic. 3. The molecular-weight distribution 
in a polymer low molecular weight, A.i 
(two experiments), compared with th 
theoretical distribution for chain-ending 
by combination. 
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(D) The emulsion polymers are also thermally initiated by radicals. They too have 
relatively narrow distributions, as narrow as that expected for chain termination by 
disproportionation (see Fig. 4). The distributions are much narrower than that of the 
industrial polystyrene analysed earlier.2 It should be noted that these polymerisations 


* One of the Referees pointed out that distributions such as we have observed could be explained 
for polymerisations in which the rate of reaction was diffusion-controlled. The experimental conditions 
make such control possible, and methyl methacrylate polymerisations are known to be diffusion-con- 
trolled under certain conditions. 


18 Bamford, Barb, Jenkins, and Onyon, “ The Kinetics of Vinyl Polymerisation by Radical 
Mechanisms,” Butterworths, London, 1959, p. 295. 
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were carried to roughly 100% conversion so that a very broad distribution in the polymers 
was expected.® , 

(B) Photochemical initiation gave polymers with a distribution very close to that for 
radical chain-ending by disproportionation. This is in satisfactory agreement with the 
observation from end-group analysis that disproportionation of radicals is more frequent 
than combination in the polymerisation of methyl methacrylate.5® 

(C) The polymers in this group had both very broad and very narrow molecular- 
weight distributions (Fig. 5) depending upon the polymerisation conditions. Polymer C.7 
has a distribution not much broader than that given by the Poisson distribution. Polymer 
C.2 has a distribution much broader than any we have examined before and is typical of 
jsotactic polymers.*?® Polymer C.2, like the other broad-distribution polymers, was 
prepared at low temperature whereas polymer C.7 was prepared at high temperature. 
Table 2 also shows that polymerisation with butyl-lithium produces polymers of narrower 
distribution than polymerisation with fluorenyl-lithium at the same temperature. The 
narrow distributions are of the kind expected for anion-initiated polymerisation in solution. 
Thus it seemed likely that high-temperature polymerisations occur in solution, though this 
is not certain, but that the polymerisations at low temperatures take place in the presence 
of a suspension of the initiator—the normal condition for obtaining an isotatic polymer. 
The suspension is easily observed at the low temperatures. The suggestion that the 
polymerisation may proceed by two paths, perhaps simultaneously, is supported by a more 
detailed analysis of the distributions and by examination of the end-groups incorporated 
in the polymers under different reaction conditions. 

Tung has shown that the molecular-weight distributions in isotactic polymers are 
somewhat peculiar. He plots distributions as log < In {1/[1 — I(x)]} > against log (x/x,) 
where I(x) is the experimental integral weight fraction at the degree of polymerisation x, 
and x, is the average degree of polymerisation of the fraction. Plotted in this form, 
distributions generally approximate to straight lines.1_ We analyse this statement in the 
Appendix and show that, although it is a half-truth (no theoretical distribution devised 
from kinetic schemes gives an exact straight line), most experimentally determined 
distributions can be represented by a fair straight line with these co-ordinates. For 
example, as Fig. 4 shows, poly(methyl methacrylates) with narrow distribution, M, : M, = 
1-2, polymethylacrylates with approximately the ‘most probable” distribution, 
M,,: M, = 2-0, and polystyrene with very broad distribution, M,,: M, = 3-5, give good 
straight lines though of very different slopes. In most cases that we have studied, the 
inverse of the slope is related to the ratio M,,: M,. The low-temperature, anion-initiated, 
isotactic polymers do not give a straight line but give two intersecting lines (cf. refs.® 1). 
In the Appendix we show how such a Tung plot can arise in an experimental distribution 
which has resulted from the combination of two quite narrow distributions, centred about 
widely different number-average molecular weights: if the two distributions are both of 
the Poisson type then the plot breaks down into two almost parallel straight lines. Two 
parallel lines of infinite slope would be obtained from a mixture of two pure single-com- 
ponent compounds. As the two distributions broaden the region of their overlap (if we 
assume roughly equal quantities of two polymers of very different M,) becomes sufficiently 
important to dominate the plot from about 50%, to 95%, giving it a slope, 6, in this region 
of 0-5—0-7. If the polymers both have very broad distributions the plot becomes a single 
line of about unit slope and this is also true of a polymer built up of a very large number of 
component distributions of equal weight. Tung’s method of plotting polymer distribu- 
tions indicates therefore that the low-temperature polymers we are examining could be 
mixtures of two relatively narrow distributions centred about very different molecular- 
weight averages. : 

End-group Analysis of Anion-initiated Polymers.—The polymerisation of methyl meth- 
acrylate by both butyl- and fluorenyl-lithium was carried out in toluene. The order of 
acid strengths of these three anions is fluorenyl > tolyl > butyl, so that proton transfer is 
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to be expected from toluene to the butyl anion, but not from toluene to the fluoreny] anion, 
In a solution polymerisation in toluene initiated by butyl-lithium we might expect to fing 
polymer with tolyl end-groups on the assumption that the reaction of the butyl anion with 


Fic. 4. Tung plots for molecular-weight distribu- 
tions in three polymers of greatly differing hetero- 
geneity. (Subtract 1-5 units from x values for 
C.6 plot and add 1-0 to y values for the poly- 
styrene (P) plot. D.1 data illustrate reproduci- 


bility. 
-) Fic. 5. The distribution of viscosity in three anion. 
O-5 a initirted polymers, produced at different temper. 
‘ atur’s. 
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monomer is not too fast. Tolyl end-groups should not be incorporated if the polymeris- 
ation occurs on the surface of the butyl-lithium or in polymerisation initiated by fluorenyl- 
lithium either in solution or on the surface of a suspension. In the latter case we expect 
fluorenyl end-groups only. Both tolyl and fluorenyl end-groups are readily detected 
spectrophotometrically in the presence of the polymer, especially if their concentration is 


Fic. 6. The absorption spectra of (1) fluorene (1-09 x 10-*mM), 
(2) a polymer with no absorbing end-groups (1-0% solution), 
(3) and (4) typical polymers with fluorenyl end-groups 
(0-25% solution). 


Optica/ density 








Wavelength (mp) 


reasonably high as is the case in polymers of low molecular weight. In estimating tolyl end- 
groups contamination of the polymer by solvent must be reduced. This was accomplished 
by reprecipitation of polymer from chloroform and drying in an oven overnight at 60°. 
Table 3 shows that this treatment virtually eliminates contamination by toluene. In 
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this experiment a polymer of very high molecular weight was used to reduce any con- 
tribution from end-groups. The Table also shows that two fractions of high molecular 
weight from a polymer giving a Tung plot characteristic of isotactic polymers contained 
fewer tolyl end-groups per polymer molecule than did the whole original polymers, and 
therefore than the fractions of low molecular weight. This result is in agreement with the 
supposition that material of high molecular weight is not produced in the same way as that 
of low molecular weight. The incorporation of tolyl end-groups suggests that the latter 
polymer is formed in solution. 

In the spectrophotometric estimation of fluorenyl end-groups we have had to adopt a 
special procedure. We observed that, whereas fluorene itself had absorption maxima at 
291 and 301 my, the absorption maxima in polymers containing fluorenyl end-groups were 
at 292—295 and 303-5 my (Fig. 6). This shift is not due to the polymer background as 
a spectrum of a mixture of fluorene and polymer with non-absorbing end-groups is merely a 


Fic. 7. Relation between the absorbancy increment 
and the viscosity of the polymers, [n), and fractions 
from these polymers. + from C.2; A from C.7. 
C.11 and C.12 were polymers prepared at 20°. 
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sum of the component spectra. The fluorene absorption cannot be used directly as a basis 
for measuring fluorenyl end-groups. Absorption of a polymer not containing fluorenyl 
end-groups changed rather considerably, below 305 my, but showed little significant change 
between 305 and 310 mp. The latter region of the spectrum is where the fluorenyl absorp- 


TABLE 3. Tolyl end-groups in poly(methyl methacrylates). 


Polymer M, End-groups per polymer mol. 
C9 36,000 ‘0 , 
Fraction from C.9 40,000 5 " 
Fraction from C.9 80,000 +1 
Low fractions C.9 < 30,000 0 } 


Polymer M, Apparent end-grou r polymer mol. 
B.3 pptd. from toluene 350,000 25-0 + 5 
B.3 repptd. from chloroform 0-1 + 0- 


tion changes most rapidly with change of wavelength. Thus, if the absorbancy at 305 my 
is D, and that at 310 my is D,, then (D, — D,)/c, where c is the weight concentration percent, 
will be proportional to the number of fluorenyl end-groups per gram of polymer and there- 
fore to 1/M, (a constant number of end-groups per polymer molecule being assumed). 


For sharp fractions [n]oo, = KM,* where K and «@ are constants. Combining this 
relation with 


log [(D, — D,)/c] = A — log M, 
where A is a proportionality constant, we have 
aA + log K — «log [(D, — D,)/c] = log [yoma, - - - = (I) 
In Fig. 7 we have plotted log []gua, against log [(D, — D,)/c] for a series of fractions. In 
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order to obtain the number of end.groups per molecule we compare these data with a 
calculated relationship. In equation (1), K and « are known from the earlier studies on 
sharp fractions, [y]oua, = 6-6 x 10°M®7?. We must evaluate A. This can be done by 
assuming that the polymer fractions all contain material with the same number of end- 
groups per molecule (1-0 when A is zero or 2 when A is 0:30). The absorption increment 
per fluorenyl group can be evaluated from the fluorene spectrum by assuming that the 
difference in extinction coefficient between 303 and 308 my for fluorene is the same as that 
between 305 and 310 my for the fluorenyl group, a reasonable assumption as their 
extinction coefficients are known to be very similar. The theoretical lines on the two 
possible assumptions about the number of end-groups are plotted on Fig. 7. Over the 
range of log [4] from —1-2 to —0-2 there can be little doubt that the polymers contain one 
(or slightly fewer) fluorenyl end-group per molecule. We have checked this result by 
determining M, for a polymer by osmometry and by this method. The results were: 
by osmometry, 45,000; by the spectrophotometric method, 39,000. At very low viscosities 
there appears to be a slightly greater number of end-groups per molecule. However, it 
must be remembered that the viscosity-molecular weight relation has never been adequately 
tested in this region though there is some evidence suggesting that « in the equation [y] = 
KM¢ changes from 0-7 towards 0-5 at low molecular weight. This change would create 
the erroneous impression of a high number of end-groups per molecule from Fig. 7. At 
very high molecular weights there also appears to be rather more than one end- 
group per polymer molecule. The scatter of the points prevents a definite conclusion. 
Summarising, it seems most probable that the number of end-groups per molecule does not 
exceed one in the high-temperature polymerisations, no isotactic polymer being present. 
This is expected from the general treatment of anion-initiated polymerisations in solution.” 
We also conclude that it is unlikely that there is:more than one fluorenyl end-group per 
molecule in the fractions of low molecular weight from the isotactic polymers. Since our 
measurements were completed, very similar results have been reported !® for isotactic 
polymers in what seem to be more detailed studies. Thus in the case of polymers initiated 
by fluorenyl-lithium the number of end-groups is the same for all the fractions of the 
polymer and the end-group analysis does not distinguish between the two parts of the 
distribution. The marked difference between this result and that obtained in the butyl- 
lithium polymerisations argues in favour of simultaneous polymerisation by two 
mechanisms. The end-group analysis also shows that the initiation in the production of 
these polymers is reaction of a fluorenyl anion with monomer and that the termination 
probably does not involve such a mechanism. Termination could then be by self- 
termination,’ in which case the distribution in the isotactic portion is much the same as 
that in the non-isotactic portion, moderately narrow, with M,,: M, from 1-1 to 1-5. The 
combination of two such distributions with a suitable choice of the two M,, values could 
give the total distributions we have observed (see above). However, only a much more 
detailed analysis of the polymers produced by the different anions under different conditions 
can test this tentative suggestion. 


Experimental—Preparation of polymers. Class A polymers were all prepared by the same 
method. A given weight of freshly redistilled methyl methacrylate was dissolved in a volume 
of purified solvent containing weighed amounts of initiator and regulator (see Table 4). Oxygen 
was excluded by bubbling oxygen-free nitrogen through the solutions. Polymerisation was 
carried out by refluxing the solution and was discontinued at 30—70% conversion. 

Photochemical initiation was brought about by irradiating solutions of monomer in water 
or aqueous alcohol in the presence of a series of ferric salts with ultraviolet light from a mercury- 
vapour lamp. The reaction vessel was a quartz cell fitted with suitable gas-leads to permit the 
displacement of dissolved oxygen with oxygen-free nitrogen before irradiation. The details 
of the apparatus and procedure were in all ways conventional. Under illumination several 


16 Glusker, Lystoff, and Stiles, Abs. Papers, 136th Meeting Amer. Chem. Soc., 1959, T.8, paper 16; 
Graham, Dunkelberger, Panchak, and Kampf, ibid. ,S.14, paper 38. 
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ferric complexes failed to initiate polymerisation. The order of effectiveness was oxalate > 
picolinate, and quinaldinate > oxinate; acetylacetonate caused little or no initiation. - 

Butyl- and fluorenyl-lithium were prepared by recorded methods. Anion-initiated polymers 
(Table 5) from these salts were made by a method ?* kindly communicated by members of the 
research laboratory of R6hm and Haas, Philadelphia, U.S.A. 

Osmotic measurements were made in a conventional manner. 


TABLE 4. Preparative details of radical polymerisations. 


Solvent Monomer Initiator Regulator Conversion 

Polymer Solvent (ml.) (g-) (g-) (%) Temp. 
Al ccl, 35 0-027 0-479 25 B. p. 

f C,H, 16 0-048 0-064 69 

NEt; 70 0-089 35 

CCl, 29 0-030 37 

CCl, 30 0-037 40 

CCl, 30 0-041 64 

Bulk monomer 0-034 
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TABLE 5. Preparative details of anion-polymerisations. 
Butyl-lithium 
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APPENDIX 


Tung! has suggested that experimental integral weight fraction, I(x), curves for fairly 
narrow distributions approximate to the equation 


eS a ee: ee 


where x is the degree of polymerisation and a and b are constants. If this expression did 
represent distributions closely it would provide a way of plotting distributions as straight lines, 
log < In {1/[1 — I(*)]} > against log (x/x,), and a and b might be expected to define charac- 
teristics of the distribution. The purpose of this Appendix is to enquire into the significance 
of the equation (1). 

From eqn. (1), the weight fraction of an x-mer, W(x), is 


We) mab. 3M 6 cee ee ove 


The expressions for W(x) for radical-initiated polymers where the termination is by (i) combin- 
ation of radicals [M,, : M,, = 3: 2, equation (3)] or (ii) disproportionation of radicals [M,, : M, = 
2: 1, equation (4)] are: 
W(x) = x(x — l)pr-(l— pe. . . . . - - 
W(x) = ape l—py. . 2. - 2 2 ew 2s es @ 
where p = (1 — 2/#,), and p, = (1 — 1/%,), and #, is the number-average degree of polymeris- 


ation. Now pand p, ~ 1-0 and x > 1, so that equations (3) and (4) approximate to (5) and (6) 
respectively : 


W(x) = x*err(l— pe . . . . — 
W(x) = xe*™n(l— pf? . . . . wit @ 
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Integration of eqns. (5) and (6), by using the approximations (1 — p) = —In p or (1 — p,) = 
— In p, and then eliminating or ,, gives: 


I(x) = 1 — e-*/7o(1 + 2x/%, + Qx7/Z,7). . . . - . (I 
I(x) = 1 — e7P(l 4+ aff). 2 ee te tt le 


Tung plots log < In {1/[1 — J(*)]} > against log (*/#,) [cf. equation (1)]. Now, equations (7) 
and (8) will not give linear plots if these co-ordinates are used (see Fig. 8). However, in practice, 
the curvature of the plot is slight, and equation (7) can be said to approximate to equation (1) 
with 6 = 2-0 and a dependent on molecular weight average for +/#, from 0-5 to 2-0. Similarly, 
equation (8) approximates to equation (1) with b = 1-6 and a dependent on molecular weight 
average with the same limits for #/#,. The actual slopes of (7) and (8) are as tabulated: 


x/%_ = 0-5 1-0 2-0 
Polymer of distribution (3), 5 = 2-39 2-05 1-72 
Polymer of distribution (4), b = 1-76 1-63 1-48 


It appears that the Tung procedure could supply a quick way of distinguishing between 
distributions. However, at high +/#,, b~ 1-0 for both these distributions. It will be very 


Fic. 8. Tung plots for polymer distributions obey- 
ing the formule given in the text. Numbers on fic. 9 Tung plots, A and B, for two pol 
, : A - 9. , ’ lymers 
figure refer to equations in the Appendix. having the most probable molecular-weight distri- 
bution but of average molecular weights as 1-0: 10-0; 




















Os and for a polymer, C, composed of equal parts by 
weight of each of A and B. D is an experimental 
distribution for the anion-initiated polymer, C.4. 
A O 
s ne 
cm —_—_—_ 
S ‘E00 
05 Xs 
— — 
Ww a 
co ~ 
as —— 
v & 
gs-/0 y SOF 
" = 
-/-5 
, -20 
es z ie -10 Oo _ +0 20 
-050 00 050 log (x/X, ) 


log (x/X,) 


dangerous to draw any conclusions from the value of b at high x/#,. Now in certain distribu- 
tions (see above), even lower values of b have been observed over part of a very broad 
distribution. When plotted by the Tung procedure these distributions fall into two parts, one 
with high b at low molecular weights and one with low b at high molecular weights. We shall 
show now how such a plot can arise from a combination of two distributions of the kind (3) or 
(4), or for that matter of the kind (1). The two distributions need only differ greatly in %#, 
(average molecular weight); they must not be either very narrow or very broad if they are of 
kind (1). 

Consider the artificial 1: 1 (by wt.) mixture of two polymers each having a distribution 
given by (4), but with an #, ratio of 10-0:1. The Tung plot can be worked out empirically 
(Fig. 9), log (In {1/[1 — I(*)]} > being plotted against log [%/#,(c)] where #,(c) is the number 
average degree of polymerisation of the mixture. 

The slope b at low x and up to I(x) = 0-4 is very like that of a narrow-distribution polymer. 
Above this value there is a sharp change of slope and the best straight line through the points 
from I(x) 0-55—0-90 is 0-67. This line is obviously rather a rough approximation to the points, 
but in a real experiment where there are considerable errors in the value of x for each fraction 
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a quite good straight line might well be obtained. Thus the Tung plot for a mixture of two 
such polymers could apparently give two intersecting straight lines of very different slopes. 
Such distributions are discussed above. 

The Poisson distribution can be written 


W(x) = {x exp [(x — 2) In %,] expe“s}/(x—1)! . 2. . . (9) 
There is no simple form for the integral weight distribution, so that it is hard to compare the 


expression with equation (1). However, if the distribution is plotted with Tung’s co-ordinates 
one finds that b increases with #,. For #, = 100, b is 12-0. 
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786. Studies in Adsorption. Part XI.* A System of Classification of 
Solution Adsorption Isotherms, and its Use in Diagnosis of Adsorption 
Mechanisms and in Measurement of Specific Surface Areas of Solids. 

By C. H. Gites, T. H. MacEwan, S. N. NAKHwa, and D. SmIru. 


Isotherms for adsorption of organic solutes are divided into four main 
classes, according to the nature of slope of the initial portion of the curve, and 
thereafter into sub-groups. The significance of their features is discussed. 

The main classes are: (i) S Curves, indicative of vertical orientation of 
adsorbed molecules at the surface. (ii) L Curves, the normal or “‘ Langmuir ”’ 
isotherms, usually indicative of molecules adsorbed flat on the surface, or, 
sometimes, of vertically oriented adsorbed ions with particularly strong 
intermolecular attraction. (iii) H Curves (“‘ high affinity ’’) (commencing at 
a positive value on the “ concentration in solid ”’ axis), often given by solutes 
adsorbed as ionic micelles, and by high-affinity ions exchanging with low- 
affinity ions. (iv) C Curves (‘‘ constant partition ’’), linear curves, given by 
solutes which penetrate into the solid more readily than does the solvent. 

The sub-groups of these classes are arranged according to the shape of 
the parts of the curves farther from the origin, and the significance of plateaux 
and changes of slope are described. Thus, if the adsorbed solute molecules 
in the monolayer are so oriented that the new surface they present to the 
solution has low attraction for more solute molecules, the curve has a long 
plateau; if they are oriented so that the new surface has high attraction for 
more solute, the curve rises steadily and has no plateau. 

The choice of solutes for reliable measurement of specific surface areas is 
very restricted. It is suggested that p-nitrophenol may be one of the best 
compounds for this purpose. 

Tus is a study of the relation between solute adsorption mechanisms at solid surfaces 
and the types of adsorption isotherm obtained. It describes a system of classification of 
all solution adsorption isotherms, and suggests how their form can be used to diagnose the 
adsorption mechanism, to obtain information regarding the physical nature of the solute 
and the substrate surface, and to measure the specific surface area of the substrate. The 
last-mentioned has hitherto been the principal use of solution adsorption isotherms, but it 
has been hampered by lack of information on the detailed meaning of the curves. 

Possibly the first attempt at a general classification of adsorption isotherms was that 
made in 1922 by Ostwald and de Izaguirre,! who described two of the curves included in 

* Part I, J., 1954, 4360; previous papers in this series were divided into two series, for inorganic and 


organic substrates respectively. Parts I—V, organic series, are considered as Parts VI—X in the present 
series. Thus, Part X is J. Soc. Dyers Colourists, 1958, 74, 846 (ref. 12a). 


? Ostwald and de Izaguirre, Kolloid-Z., 1922, 30, 279. 
6M 











3974 Giles, MacEwan, Nakhwa, and Smith: 


the present system and a number of others, having marked maxima found only in adso; 
tions from binary solutions over wide concentration ranges (cf. Fig. 1, footnote), 
Brunauer * later defined five types of isotherm that are observed in vapour-phase adsorption 
(cf. Fig. 1, footnote). An outline of the present system of classification has already been 
given; * but the conclusions then drawn and the classification have been modified ang 
developed as a result of later investigations, and are given here in more detail and with 
experimental evidence. 

Classification System.—The present system divides all isotherms into four main classes 
according to the initial slope, and sub-groups are described for each class, based on the 
shapes of the upper parts of the curves. The four main classes (Fig. 1) are named the S, 
L (i.e., ““ Langmuir” type), H (“high affinity’), and C (“ constant partition ”’) isotherms, 
and the variations in each class are divided into sub-groups. 

The L curves are the best known; indeed the L2 curve occurs in probably the majority 
of cases of adsorption from dilute solution and few cases of the other types appear to have 
been previously recorded. 


Fic. 1. System of isotherm classification. 
Closs 
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Cz ¢gvilmconcn. of solute in bath 


Ostwald ana de Izaguirre’s two types of curve for adsorption from dilute solution are classified as 
L2 and Cl here, and their several other curves for adsorption from concentrated liquid binary mixtures 
would come under the present sub-group mz, with one exception (Cl, with negative slope). 

Brunauer’s five types of vapour-phase (physical) adsorption isotherm (ref. 2, p. 150) are defined 
as H2, L3, Sl, L4, and S2 under the present system. 

The present nomenclature is slightly different from that originally given.* 

The system can be readily adapted to describe curves with additional variations not shown above, 
e.g., the isotherm for phenol adsorption on graphite (Fig. 2LC) has two inflections followed by a further 
rise and would here be defined as L5 and curves with two successive maxima (see Table 1) as mxmz. 


Systems are listed in Table 1 according to the isotherm type obtained and some iso- 
therms are shown in Figs. 2—8. The features of the curves and their probable causes 
* Brunauer, “‘ The Adsorption of Gases and Vapours,”’ Oxford Univ. Press, London, 1944, p. 150. 


* Giles and MacEwan, Proc. 2nd Internat. Congr. Surface Activity, 1957, 3, 457; Giles, Discuss. 
Faraday Soc., 1954, 16, 112. 
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Examples of adsorption isotherms of the four classes. 
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Equilm.concn. of so/ute in bath 


System 


S Curves 


Naphthalenesulphonic acid, Na salt, on cellulose (water); 50° 
Phenol on n-octadecyl alcohol crystals (water); 29° 

As b, but from 10% w/v aqueous Na,SO, solution 

Phenol on wool (water); 18° 

Phenol on alumina (water); 58° 

2,4-Dinitrophenol on wool (water); 59° 

Azo-dye (C.I. 15,620) on anodic alumina film (water); 50° 


L Curves 


Anthracene-l-sulphonic acid on graphite (water); 20° 
Quinol on wool (water); 18° 

Phenol on graphite (water); 18-5° 

Resorcinol on alumina; 58° 


H Curves 


Sulphanilic acid > R-acid azo-dye on alumina (water); 49° and 60° 
Metal—unsulphonated ligand (1,2) dye on stretched nylon (water) 
Metal—unsulphonated ligand (1,2) dye on unstretched nylon (water) 
Methyl Violet (C.I. 42,555) on graphite (water) 

Janus Red B (C.I. 26,115) on silica (water); 50° 


C Curves 
Water on wool (n-butanol); 57° 
As a, 52° 
As a, 19° 
Phenol on cellulose triacetate (2,2,4-trimethylpentane); 29° 


Disperse dye (C.I. 11,110) on cellulose diacetate (adsorbed from 
starch paste) 


* Units: mg./g. 


Scales (box limits) 


Horizontal 
(mmole/1.) 


0—60 
0—300 
0—300 
O—15 
0—120 
0—0-30 
0—6 


0—3330 
0—3330 


Vertical 
(mmole/kg.) 


0—50 
0—2500 
0—10* 
0—100 
0—500 
0—100 
0—500 


0—10¢ 
0—10* 


0—2400 0—2 x 104 


0—6 
0—3* 


0—500 
0O—25* 
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TABLE 1. Classified list of systems (for abbreviations, etc., see p. 3978). 
Solute Solvent * Substrate Isotherm Ref.+ 
S Curves 
Anthraquinone dye, monosulphonated ......... H,O SiO, S1 (see Fig. 7a) ° 
trans-AZODENZENE .........000ccsseeeeeeesceeeeeeeees C,H, N S1(2) 4 4,4 
COPA occ cncccescpccsccncconssdbvoccccscess EWs80 Al,O, Sl 5 2,2 
BRR GIIINE: « gctcccdpssonibsstinbivicdesloenctininss H,O Sl 6 Dye 
Dyes: A 
Azo-monosulphate ester ............cseeseeeeees H,O Al,O,(an) Sl 7 
Cyanine (non-planar)  ..........ccssecsseseseeees H,O AgX S1, S2 8 A 
POUTOMGNG oo sccecscccccsescccccseccsescesce H,O Al,O,(an) Sl 9 r 
PEI. nipantiadunnenacnechscncssnestansonnnesiancen H,O wi S1 (see Fig. 3) 10 
MII s0ccacsectncsosepiccessoapovoscsecescatece H,O Cll Sl} 10 r 
POSING. occ ccccsesccccccccccosodéboonesee H,O Cll Sl ll 
2-Naphthol-6-sulphonic acid ...........s.seeeee0 EW50 Cll Sl 12a ; 
MO=, P-TCURNOMMOINGE ccccccccccscccscsceccccceccccesccese H,O S Sl 6 y 
DPEPOOIE vasccccsscoccecccccceccosscccttteese H,O Al,O,(an) Sl , 
MI. edacckelastearserscahverrvciiadsntavecsesaedies H,O N S1(?) 4 
IEE snncentaccsncccnqcisnscnapscsacovesccoveccoceseeses H,O CeOH, StOH = S11 (see Fig. 2Sb, c) 2a ‘ 
OEE venccscsoresscvcsenentpoopenesescessvscevessesocess H,0, E wl Sl (see Fig. 2Sd) 4 
Phenol, p-cresol, m- and p-fluorophenol......... H,O Pg S1(?) 6 
Phenol derivatives (monosubstituted) : H,O Wil Sl 6 
m-, p-Ac; m-, p-Br; m-HO,C’CH,; p-Cl; : 
p-Et; m-, p-F; p-iodo-, m-, p-Me; m-, 
p-MeO; m-, p-Me’SO, 
Polynuclear aromatic hydrocarbons ............ x Al,O, S1, S2 13 
D-BEEISRRERGIIOED 0.06 0cbscccccesscccnsccsccsscosces H,O Cil S3 Gl 
Benzenesulphonic acid ...............ssscssceeeceees H,O C(gr) S2 14 : 
taka," * RR aa aa aa : Al,O,(HCl) —-S2 5 + 
Dodecylammonium chloride .............0s0+000+ H,0O (pH 2-9) Al,O, S2 15 Pt 
Dyes: 
Anthraquinone, unsymmetrically sulphon- PI 
ated; C,,H,, substituent (C.I. No. 62,075) H,O _ SiO, S2 PI 
Azo (unsymmetrically) disulphonated H,O Al,O,(an) S2(?) 9 PI 
Azo (unsymmetrically) disulphonated; C,,H,, Py 
SEND evnccccsencnscidesscscecccssvuresececes H,O *Al,0,(HCl) S2 5 R 
Monosulphonated, various ..............ssese0 H,O Al,O,(an) S2 (cf. Fig. 2Sg) 9 Si 
Monosulphonated (C.1I. 15,510) ............4+. H,O SiO, S2§ 16 T 
p-HO-C,HyN-N-CeHySO,HEP ..........ceceeeeees H,O (pH 3-5) Ch S2 12a 
SEE Sidascavescseebetirenssecedevsveccsesscctovesos oH, Cll S2 (Fig. 5a) 124 » 
2-C,,H,°SO,H and Na salt .............sscceceeeee H,O Cll S2 (see Fig. 2Sa) 12a ar 
2-Naphthol-6-sulphonic acid ..............:0000+ H,O Cll S2 12a A 
III ecco bactlhcncecssctcconvecenseesseneres C,H, Al,O, S2 5 A 
MINE Uidhiceilssscreccescsnsheaooenstonnese H,O SiO, S2 (see Fig. 4a) D 
ND <a thcdaseseccepddcsdbbconersenvesecssesdeencqisetes H,O Al,O, S2 (see Fig. 2Se) 5 
PO ac sdgatncesscasbecssiecevsntstrencchassucccivsdents H,0, iso-O Ch S2 124 
Di- and tri-sulphonated aromatic compounds H,O C(gr) S2 14 
POT wivctecccesenccutinenitacscantoccssetescnss C,H, S3 4 I 
Azo-dye, monosulphonated (C.I. 15,510) ...... H,O Al,O,(an) S3 9 d 
CoH NN-CoHyNMeg-p ........ ccc ecsccccecscsceces C,H, wil S3 4 t 
FIDE Cuba cvcceccnsesubedsahpeedscccécecsceccsssesenetess C,H, Ch S3(?) 12a I 
DENN. cc kidescddescivesecessesccesecoonssenes 20 Wil S3 I 
DP IMOIIGE «iescciiccecccccccceccecsecoccenscces H,O wl S3 (see Fig. 2Sf) 4 1 
Quaternary ammonium surface-active agents H,O cll, oxy-cll S3, Smx 17 ( 
PENNE Suacecescnsecacvosteuasénvecesnccneesssesatanées C,H, N,W1 S3 4 ] 
ID: ccastcietsronrsesencintiviseseverssccetevssecese Bu°OH wil S3 (see Fig. 5d) 4 } 
Sodium dodecyltoluenesulphonate ............... H,O Al,O,(an) Smx 7 , 
L Curves } 
CoHyN-N-C, Hy" NH,-P,H1 ...........ccscccceseees H,0 SiO, Li 16 
Benzidine hydrochloride ................scseeseeees H,O Cll Ll 11 
Dyes: ; 
PN PIE. cane tecstiboseticnssecinsvsesssscess C,H,,.MeOH CA Li 18 
BuOAc CA L1(?) 18 
Bis-azo-, disulphonated (C.I. 24,895) ......... H,O (NaCl) Cll Ll 19 
3-Hydroxydiphenylamine  .................seeee0s H,O Cll Ll 11 
ENED aeclinecdecyocecbicveevesbivescseesisconceseceeiess C,H, CTA L1 (See Fig. 8c) 
PITIED ‘ncbacntbcbeobtncsenrecccaboncvansevesnseeses 20 Ch L1(?) 12a 
Alkyl sulphate esters (Na salts) ..............0068 H,O Al,O,(an) L2 7 
GOON svciccvicsesiccivceseceetesssoice D 203 L2 5 
BNE DD. Sn cbs cistiecicctsdicceccnetecccstsesies H,O cat X L2 20 
(cis?)-Diphenylazobenzene ..............0.0ssss08 EWs80 Al,O, L2 5 






[cont. on p. 3977] 
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TABLE 1. (Continued.) 
‘eft Solute Solvent* Substrate Isotherm ~- Ref.t 
L Curves. (continued) 
4 4,4’-Diaminodiphenylmethane _ ..............+++ H,O Cll L2 ll 
5 9,2’-Dihydroxybiphenyl  .............ssseseeeseeees H,O cll L2(?) ll 
es: 
. PyMsihraquinone, sym.-disulphonated (C.1. 
7 III, icsccisecktleriasemeinasiaaentiibaiana H,O (pH 1-35) N,S,W1 L2 21 
8 Anthraquinone, sym.-disulphonated (C.I. 
9 | ees: ieietigrencesteTtaigiosccanedl siO, L2 (see Fig. 7b) 
10 Anthraquinone, disulphate ester (C.I. 
10 EEL © incbavngpebentigectnyenscenntaqnabennoonsd H,O (pH 9) _ Cll, Ch L2 12a 
ll Azo, monosulphonated .............sseseseseeeees H,O cll L2 12a 
12a H,O SiO, L2 16 
6 Azo, sym.-disulphonated (C.I. 16,045) ...... H,O CA L2 
7 Azo, sym.-disulphonated ...........ssseeseeeeees x Al,O,(an) L2 9 
4 Azo, asym.-disulphonated ..........sse0eeeeeee H,O Cll L2 12a 
2a Azo, trisulphonated (sulphanilic acid > 
4 MERE |. Srdenncsntorsaesennnvaererscazemiiossceste H,O (pH 2-9) Wl L2 
6 Aso, trisaliphonated .................c.cccsecccees H,O Al,O,(an) L2 9 
6 Disazo-, disulphonated (C.I. 22,120) ......... H,O Ch L2 12a 
Disazo-, tetrasulphonated (C.I. 24,410) ...... H,O Al,O,(an) L2 9 
Disazo-, tetrasulphonated (C.I. 24,410) ...... H,O Ch L2 12a 
Triphenylmethane, asym.-disulphonated 
3 (CLL, EBON) oc .crrcccccscccccsccsocessescocccess H,O (pH 2-2) Wl L2 21 
Azo, unsulphonated, 1,2-metal ligand ...... H,O ‘ L2 22 
4 I, i vnccknns sd castes cntdanweciechieniinacesnenss H,O C(gr) L2 14 
5 p-HO-CyHyNIN-CyH ySOgH-p .00.....seeeeeeeeeees H,O cil L2 (?) 12a 
5 BEE nics csccsvecsascconhigatsnssdbos copies Neqsnbocesoas C,H, d Cll L2 (see Fig. 5c) 
BD scdiinnsicccaseccsosgiacstecsscodensssannpnepeuedeen H,O aq. P L2 
(C.I. 59,700, 69,025) 
I a. ieciccsneccntancessrcoteetsvsvnensdeidesi cee H,O C(ch) L2 23 
9 Phenylazo-2-naphthol ..............sssssseeseseeees iso-O C(gr) L2 12a 
Phenylazo-2-naphthylamine a a 205 L2(?) 5 
5 DEED, caiknsencineteuinsssatenttonrchorgnipstienne H,O DNA L2 24a 
9 BITE oa cccsicvercyostqrecccccccsccsesnpebsaosoesces H,O Al,O, L2 (see Fig. 2L.d) 5 
6 SRI «nth captibouseabssahacconscaconsnenaneinaiersenss H,O C(gr) L2 14 
2a Terephthaldehyde ..............c.cccccccscscccccceces C,H, Al,O, L2 5 
2a n-Aliphatic acids (>Cg)  .........sseceereeecceceeer H,O Cc L3 23 
2a n-Aliphatic alcohols (>3 5) ..........seseeeseceeees H,O Cc L3 23 
a Anthracene-l-sulphonic acid ..............ss00008 H,O C(gr) L3 (see Fig. 2La) 14 
5 Anthraquinone-2,7-disulphonic acid ............ H,O (pH 9) WI L3 
Dyes: 
5 Rathenaninena, disulphonated ............... H,O (pH 1-0) Wl L3 
a Azo, monosulphonated (C.I. 15,510) ......... H,O (pH 2:8) Wl L3a 
" MCI oc cccvccescccccsccnsrnencssess H,O wi L3 
1 SINE Si cdeinciadicoxcidccesetocbedbesodiesses H,O AgX (emul.) L3a (see Fig. 6) 8b 
) BINGEN ack Sirnccesdstctal snossedvedeiccbevssuett H,O N, L3 (see Fig. 3) 10 
Naphthalene-2-sulphonic acid .................00+ H,O (pH 9) Wl L3 
* ES. ivnncelindsucececocsevssedbotedecnioces C,H, Al,O, L3 (see Fig. 4b) 
acaluirontiinssiteethenséseventasseetssaesnsnseen iso-O wl L3 4 
Dodecylammonium chloride ...........s.ssse0e0s H,O (pH 6-3) Al,O, L4 15 
Phenylazo-2-naphthol .............scescssesessesees C,H, C(gr) L4 14 
| SEEN saducuvceccubecdunwoedepnnedvachestsvahdebinaeolaen H,O L4 (see Fig. 2L5) 
, EES 7 ERs FT Se H,O C(gr) L5 (see Fig. 2Lc) 14 
IEE «shi betatsnsanbitinorineletapaibeseapesagunee’ N,Wl Lmxz 4 
IIE 065-1 saibcesssaneuaneincinngoanbeniatn C,H, wl Lmx 4 
MENUS Svceaisicrcesyrsoversunepucebines H,O wil Lmx 24b 
BI shines vcSvscconmipediivoensnste H,O Cc L4mx 24e 
Na alkylaryl sulphates .......... ae ch nll ES H,O Cll L4mx 24c, d 
MN EEIUE, dnsdesikendtsoksndsanvdisvseurseyesunpiche H,O wil L4mxmx 24c 
H Curves 
hg ES TSE PST pT ens fo C,H, Ni, Pt H || 25 
Alkylammonium ions (>C,)  ...........seeeeeeees O cat X H2 20 
2,4-Diacetoxyazobenzene .-......sss.-jsssssseeesees C,H, Al,Oy H2(?) 5 
; : 
Anthraquinone, asym.- disulphonated C,H, 
substituent (C.1. 62,075) ...........0.-seeeees H,O (pH 1-7) Wi H2 21 
Azo, mono-, di-, tri-sulphonated ............ H,O Al,O, (HCl) H2 (cf. Fig. 2Ha) 5 
Azo, 1,2-metal unsulphonated ligand ......... H,O N Hl, H2, H4 22 
1 (cf. Fig. 2Hb, c) 


[cont. on p. 3978] 
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TABLE 1. (Continued.) 


Solute Solvent * Substrate Isotherm Ref.t 
H Curves (continued) 
Dyes (continued) : 
Basic (various) SiO, H2, H3 16 
(cf. Fig. 2He) 
Cyanine (planar) Ag X (emul.) H2 8 
Octadecylammonium ion an X H2 20 
Stearic acid Ag, Ni, Pt H2 26 
ae (par.) 
Stearic acid NaNO, H2 
Dyes: 
Azo-, monosulphonated H,O C(gr) H3 
Azo-, disulphonated (C,,H,,; substituent), 
trisulphonated H,O Al,O,(an) H3 
Bisazo-, disulphonated (C.I. 24,140) § h H3a 
Basic (various) H,O C(gr) H3 (cf. Fig. 2Hd) 
Poly(vinyl acetate) derivatives Fe(pdr) H3 
Sulphuric acid wl 


Alkylammonium ions (Cj, C,») H,O an X 
Dodecylammonium chloride Al,O, 
Dodecyl] sulphate ion H,O an X 
Dodecyl sulphate, Na salt Al,O,(an) 
Dodecy] sulphate, Na salt BaSO, 
p-Nitrophenol C(gr) 


Azobenzene W (al. tr.) ** 

Azo-dye (non-ionic) CA 

Azo-dye, monosulphonated (C.I. 15,510) CA 

Benzene wi 

Benzoic acid H,O me 

p-Nitrophenol N 

p-Nitrophenol, p-bromophenol : o- Pg ; 

CTA Cl (see Fig. 8d) 
CTA Cl (see Fig. 2Cd) 
S C1(?) 

3 = cl 
Phenol, p-cresol, and monohalogeno-phenols... Ppa cl 
Quinol H,O CTA cl 


Aromatic hydrocarbons (naphthalene, toluene, 

xylene) . (di T C2 
Me salicylate H,O T C2 (see p. 3985) 
Non-ionic disperse dyes (anthraquinone and 


CA,CTA,T C2 (cf. Fig. 2Ce) 
T C3 


Ww C2 (see Fig. 2Ca—c) 
Hzmatoxylin - CTA 3(?) 10 
Biphenyl . (di £3 
Aliphatic alcohols H,O wil 
Phenylazobenzene cpds. (non-ionic) H,O wi 
HCl H,O + MeOH WI 

H,O + dioxan W1 47 


* Solvents, etc.: aq. (disp), aqueous dispersion; al. solv., aliphatic solvents; Bu®OH, butan-1-ol; 
D, dioxan; E, ethanol: EW50, ethanol—water (1:1 v/v); EW80, ethanol—water (4:1 v/v); iso-O, 
2,2,4-trimethylpentane; X = xylene. 

Substrates: al. tr., alkali treated; an, anodic film; an X, anion exchange resin; AqP, anthra- 
quinone derivative pigment (water-insoluble); AzP, azo-derivative pigment (water-insoluble); CA, 
sec.-cellulose acetate; C, varieties of carbon; C(ch), charcoal; C(gr), graphite; cat X, cation exchange 
resin; CeOH, n-heptadecyl alcohol; Ch, chitin; Cll, cellulose; d Cll, intensively dried cellulose; 
CTA, cellulose triacetate; oxy-cll, oxycellulose; Pg, polyglycine; Ppa, polyphenylalanine; N, 
Nylon; S, silk; StOH, n-octadecyl alcohol; T, Terylene polyester fibre; W1, wool. 

+ Where no reference is given, the tests have been made here specifically for the present investig- 
ation. 

¢ Probably oriented as in Fig. 11. 

§ This dye is probably in the quinonehydrazone form, the reactive group towards SiO, being > NH. 

|| See note on p. 3983. 

% Fig. 5a, ref. 12a, shows this and not the named dye. 

** The treatment presumably reduces the permeability of the fibre to solvent. 
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will now be discussed. For more detailed experimental evidence earlier papers from this 
laboratory may be consulted. 


DISCUSSION 


Initial Slope.—This depends on the rate of change of site availability with increase in 
solute adsorbed. As more solute is taken up, there is usually progressively less chance 
that a bombarding solute molecule will find a suitable site on which it can be adsorbed; 
ie., to cause adsorption of a given additional amount of solute, the external solution 
concentration must be raised by ever-increasing amounts. This applies to the normal L 
curves and to the later stages of the S and H curves. In the initial part of the S curves, 
however, the opposite condition applies, and the more solute there is already adsorbed, 
the easier it is for additional amounts to become fixed (cf. Fig. 9). This implies a side-by- 
side association between adsorbed molecules, helping to hold them to the surface. This 
has been called “ co-operative adsorption ”’ (ref. 8, and see p. 3984). In the C curves 
the availability of sites remains constant at all concentrations up to saturation. 

The probable causes of these effects will now be described and illustrated. 
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Fic. 3. Adsorption isotherms on wool from 
aqueous solution at 60°. 
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Fic. 5. Adsorption isotherms of organic liquid 
solutes on organic substrates. 
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, (6), (c), Methanol in benzene on normally 
dried (a) and intensively dried (b, c) cellulose 
(viscose rayon) at 50°, 23°, 19°, respectively. 
(d) Benzene in butan-1-ol on wool at 50°. 


Note: c, scale in Fig. 4, ref. 4, should read 
“ mmole/kg. x 10.” 
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Fic. 4, Adsorption isotherms of p-nitrophenol 
on inorganic substrates. 
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Fic, 6. Adsorption isotherms of cyanine dyes 
on silver halide emulsion.™ 
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The S Curve 


The initial direction of curvature shows, as just explained, that adsorption becomes 
easier as concentration rises. 


In practice, the S curve usually appears when three 
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conditions are fulfilled: the solute molecule (a) is monofunctional, (b) has moderate inter- 
molecular attraction, causing it to pack vertically in regular array in the adsorbed layer, 
and (c) meets strong competition, for substrate sites, from molecules of the solvent or of 
another adsorbed species. Thus, monohydric phenols usually give S curves, especially 
when adsorbed on a polar substrate, ¢.g., alumina, from a polar solvent such as water or 
ethanol, but not from a non-polar solvent such as benzene or 2,2,4-trimethylpentane 
(cf. Fig. 4) which does not compete for the adsorption sites. So also do aqueous systems 


: Fic. 8. Adsorption isotherms of organic solutes on 
Fic. 7. Isotherms for sulphonated aminoanthra- cellulose triacetate. 


quinone dyes adsorbed by hydrogen bonding on 
powdered silica. 


16 








fe) 
800 200 
600 /50 


N 


@ 
% Ww *® WwW Scale forc 


400 /00 
/ 200 SO 


0 0o of... . 
Scale for a, O ae) 20 
Sco/eforb,O 20 40 60 80 

O2 O04 O06 Scoleforc,O O2 0406 08 

¢,(mmo/e/t) ¢,(mmole/1) 

4) Monofunctional (l-amino) dye (III). (6) Bi-  (@) Phenol in 2,2,4-tvimethylpentane at 59°. 

“ yea (1,5-diamino) dye (IV). (b) Phenol in water at 58°. (c) Methanol in 

benzene at 23-5°. 
Both c scales ave in molar units. 


¢,(mmole /#9),curve @ 
c,(mmole/kg.) 


aA 








Sun 





g aasno ‘(5y/2sowws)®> 











of non-planar cyanine dyes on silver halide, and surface-active quaternary ammonium 
salts on cellulose, and many monosulphonated dyes on anodic alumina. This isotherm 
thus apparently indicates a tendency for large adsorbed molecules to associate rather than 
to remain as isolated units (cf. Fig. 9 and the discussion under H curves, p. 3983). 
Monofunctionality—The definition of “ monofunctional” in this context is that the 
solute molecule has a fairly large hydrophobic residue (>C,) and a marked localisation of 


Fic. 9. Schematic illustration of conditions favour- 
ing production of S and L. isotherms. 


Top: Monofunctional polar solute on polar substrate 
in polar solvent. A solute molecule is more stable 
adsorbed at a, adjacent to other already adsorbed 
molecules, than in isolation at b. Result: S 
isotherm. 

Bottom: A bifunctional solute molecule is equally 
stable when adsorbed at a as at b. Result: L 
isotherm. 


the forces of attraction for the substrate over a short section of its periphery, and that it is 
adsorbed as a single unit and not in the form of a micelle.* Thus, phenol is mono- 
functional in its attraction towards a polar substrate, e.g., alumina, because the attraction 

* Phenol adsorbed on chitin from pH 9 buffer solution seems not to give an S curve (ref. 12a, Fig. 3, 


but the critical initial part of the curve is not determined). This might be evidence of some adsorption 
of mixed phenol-phenoxide ion micelles. 
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arises from its hydroxy-group, but it is initially not monofunctional towards either graphite 
(Figs. 2, 10) or powdered water-insoluble vat dyes with large planar assemblages of 
aromatic nuclei. With these it does not give an S isotherm, because its attraction for the 
substrate lies probably in non-polar forces operating over the whole phenol nucleus, 
Aromatic sulphonic acids appear to be monofunctional towards graphite in water, probably 
because the very high attraction of the sulphonate group for water draws this group as far 
as possible into the water phase, and thus only the opposite unsulphonated end of the 
nucleus is in contact with the graphite (cf. Fig. 11). 


Fic. 10. Schematic representation of probable orientation of phenol molecules adsorbed on a graphite 
surface, from water. 


oe a 


TPF P ELE SAFE CFET HET 


(a) At low concentration. (b) At high concentration. 











Specific surface-area measurements confirm the view that the molecules of mono- 
functional solutes are adsorbed edge-on or end-on to the substrate surface. In this way 
the strong intermolecular forces between their hydrophobic residues can exert their 
maximum effect: hence the isotherm is initially convex to the horizontal axis (see Fig. 9). 

It might be thought from the above definition that all surface-active substances, being, 
as they are, monofunctional under the above definition, would give S isotherms, but in 


Fic. 11. Schematic representation of probable orientation of the first adsorbed layer 
of a disulphonated azo-dye (C.1. 16,045), on graphite, from water. [The sulphonate 
groups (circles) stand as far away as possible from the hydrophobic surface. 


A second layer may then be adsorbed with reversed orientation, but separated by 
water. The isotherm is S4 (ref. 14, Fig. 3, h, i). The molecules are shown here 


AAA44644 edge-on. ] 


practice this is not so. Possible reasons are they are that adsorbed as ionic micelles, or 
that their intermolecular attraction is very high; this is discussed below. Sometimes 
high salt concentration promotes S-curve formation * with surface-active solutes; perhaps 
conditions (b) and (c) apply. 

As a working hypothesis we may say that whenever an S curve is obtained with any 
aromatic solute, or an aliphatic solute with more than about five carbon atoms, the 
adsorbed molecules are oriented perpendicularly to the surface. The converse is not 


ss ars > Woter 
Fic. 12. Schematic representation of the probable orientation of 
the adsorbed layer of an aromatic monosulphonic acid (e.g., 
anthracene-l-sulphonic acid) on cellulose in water. (This 


arrangement ensures that sulphonic groups are presented 
both to the external solution and to the firmly-bound layer 
SSS SSS Water 


of water at the cellulose surface. S isotherms are obtained.) 
SAA AA AACA 4A ~Cellulose 


always true: not all systems with perpendicularly oriented adsorbed molecules give S 
curves, especially some with strong solute intermolecular attractions. 

Adsorptions on Cellulose.-—Molecules of monosulphonates of naphthaJene and anthracene 
adsorbed on cellulose give S isotherms. This implies a more marked tendency to pack 
face-to-face vertically at the cellulose-water surface * than to lie flat on the cellulose 


* Probably with their long axes parallel to the cellulose molecules. Examination under the micro- 
scope of single cellulose (ramie) fibres containing adsorbed anthracenesulphonic acid and Congo Red, 
severally, in polarised light, showed similar effects. 
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molecule. In so doing, sulphonate groups are exposed along the top and bottom of the 
layer of adsorbed molecules, as shown in Fig. 12. These substances have low affinity for 
cellulose, because of their short molecular length (the apparent affinity rises linearly with 
the logarithm of the molecular length 1). Larger molecules, e.g., bisazo-dyes, having 
higher affinity for cellulose, lie partly flat on the cellulose-water complex and do not give 
S curves. 

Methanol adsorbed from benzene on normally dried cellulose (or chitin) gives S iso- 
therms, probably as a result of competition for hydrogen-bonding sites by traces of firmly 
bound water not removed from the cellulose in normal drying. Competition is reduced 
and adsorption promoted by methanol associating on adsorption: hence the form of the 
S-curve. When the material is intensively dried, competition from water is eliminated, 
and the curve has the normal L shape (Fig. 5). 


The L Curve 


Here the initial curvature shows that as more sites in the substrate are filled it becomes 
increasingly difficult for a bombarding solute molecule to find a vacant site available. This 
implies either that the adsorbed solute molecule is not vertically oriented (on the argument 
used for the S curve, cf. Fig. 9) or that there is no strong competition from the solvent. 

The types of system which give this curve do in fact fulfil these conditions (cf. Table 1). 
Thus they have one of the following characteristics: (i) the adsorbed molecules are most 
likely to be adsorbed flat, ¢.g., resorcinol and terephthaldehyde on alumina, or (ii) 
if adsorbed end-on, they suffer little solvent competition; examples of (ii) are (a) systems 
with highly polar solute and substrate, ¢.g., phenol and alumina, and a non-polar solvent, 
e.g., benzene or 2,2,4-trimethylpentane, and (b) systems in which monofunctional ionic 
substances with very strong intermolecular attraction, e.g., long paraffin-chain sulphate 
esters, are adsorbed from water by ion-ion attraction.* It is possible that in these cases 
(systems 6) the adsorbed ions may have become associated into very large clusters just 
before adsortion takes place. (See also the comments on cyanine dyes under H curves, 
below.) 

The H Curve 


This is a special case of the L curve, in which the solute has such high affinity that in 
dilute solutions it is completely adsorbed, or at least there is no measurable amount remain- 
ing in solution. The initial part of the isotherm is therefore vertical. The adsorbed 
species are often large units, 7.¢., ionic micelles or polymeric molecules, but sometimes they 
are apparently single ions which exchange with others of much lower affinity for the 
surface, ¢.g., sulphonated dye ions which exchange with chloride ions on alumina,® and 
cyanine dye cations adsorbed by ion-ion attraction on silver halides (see below). In the 
most extreme form, the curve is a horizontal line running into the vertical axis. This was 
found for chemisorption of fatty acids on Raney nickel.” 

Cyanine Dyes.—A particularly interesting case is that of the cyanine-sensitising dyes 
adsorbed on “ emulsions ” of silver halide in gelatin. West e¢ al.8 found that many of these 
systems give H isotherms; spectroscopic tests show that the adsorbed dye is associated, 
usually in the “ J-aggregate ”’ form (long assemblages of stacked planar dye molecules 
each separated by a water. molecule), and that all dye molecules are oriented edge-on to 
the silver halide surface. Some of these dyes, however, give the S curve, often with a 
sharp discontinuous change from the convex to the concave portion (relative to the 

* It now seems likely that the L curve obtained for adsorption of Orange I (sulphanilic acid > 
l-naphthol) from water on anodic alumina ® is attributable to end-on orientation with strong inter- 
molecular forces, especially hydrogen bonds between adjacent hydroxy-groups, which reduce competition 
from the solvent. If the orientation were at first flat, and later end-on, as suggested earlier,*" a two-step 
(L4) curve would have been expected. The isomeric dye Orange II (sulphanilic acid > 2-naphthol) also 


stands end-on, but gives the S curve; its intermolecular association in the adsorbed layer is probably 
weaker than that of Orange I, because of the absence of the p-hydroxy-group. 


*! Giles, in “‘ Hydrogen Bonding,” Pergamon Press, London, 1959, p. 449. 








3984 Giles, MacEwan, Nakhwa, and Smith: 


horizontal axis). Beyond the inflection the curve is of the normal L form. Spectroscopic 
tests in these cases show that the inflection represents the concentration at which the 
J-aggregates begin to be taken up (called by these authors the onset of “ co-operative 
adsorption”). At lower concentrations the dye must be oriented edge-on at the surface 
in small clusters of associated dye ions, according to the hypothesis developed above, since 
the S curve is obtained. When large aggregates are adsorbed the curve is always normal 
in shape, even though the individual ions in the aggregate are oriented edge-on. It there- 
fore seems possible that the aggregates may be formed just before adsorption. Increase 
in the gelatin concentration in the emulsion also favours the formation of the S curve, 
presumably by making J-aggregate formation more difficult. 


The C Curve 


This is characterised by the constant partition of solute between solution and substrate, 
right up to the maximum possible adsorption, where an abrupt change to a horizontal 
plateau occurs.* This is the type of curve obtained for the partition of a solute between 
two immiscible solvents, and many authors consequently have used the term “ solid 
solution ’’ for adsorption processes which give it, but it is doubtful if the term is quite 
appropriate, though it is admittedly difficult to coin a more expressive one; ‘‘ adsorption 
without solvent ’’ may be suggested, for reasons given below. 

The conditions favouring the C curve appear to be (a) a porous substrate with flexible 
molecules and regions of differing degrees of crystallinity, and a solute with (6) higher 
affinity for the substrate than the solvent has, and with (c) better penetrating power, by 
virtue of condition (5) and of molecular geometry, into the crystalline regions of the 
substrate. 

Fundamentally, the linearity shows that the number of sites for adsorption remains 
constant; #.¢., as more solute is adsorbed more sites must be created. Such a situation 
could arise where the solute has a higher attraction for the substrate molecules than the 


solvent itself has. The solute could then break inter-substrate bonds more readily than 
the solvent could, and if its molecular dimensions were suitable, could penetrate into the 


Substrate 


Fic. 13. Schematic representation of conditions favour- 
ing the C isotherm. [Adsorbed molecules of a low- 
solubility solute (e.g., a non-ionic disperse dye) im 
water, entering a hydrophobic substrate beyond the 
region swollen by water.) 





structure of the substrate in regions not already penetrated by the solvent. This action 
has been compared * with the opening of a Zip fastener, the fastenings representing the 
intermolecular bonds of the substrate, and the slider the first molecule or group of 
molecules of solute to penetrate; this opens up the structure and allows more solute 
molecules to enter (cf. Fig. 13). The action stops abruptly when more highly crystalline 
regions of the substrate are reached. In fact the isotherms usually do suddenly change 
direction to give the horizontal plateau. Thus a linear isotherm indicates that the solute 
is penetrating regions inaccessible to the solvent. 

Partition of a solute of limited solubility between two immiscible solvents is a special 
case of this behaviour; neither solvent penetrates between the molecules of the other 
but the solute penetrates both solvents. 


* The lowest of the L curve is, of course, sometimes virtually linear, and some almost linear 
curves which are borderline cases, intermediate between S and 1. types, are occasionally found. 
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This isotherm has now been found to occur in at least four types of system,* though 
it has hitherto been known for only one [(i) below]. The four systems are: 

(i) Non- or mono-ionic aromatic solutes on hydrophobic polymers, ¢.g., cellulose acetate 
or poly(ethylene terephthalate), from an “ inert ’’ liquid, 7.e., one which does not readily 
swell the substrate, and may also be an indifferent solvent for the adsorbing solute. 
Systems under this description are the non-ionic (‘‘ disperse’) dyes applied from fine 
aqueous dispersions (Table 1; Fig. 2,Ce) or from carbon tetrachloride, and colourless 
aromatic substances (‘‘ carriers ’’) used in aqueous solution or dispersion to assist the 
penetration of this type of dye into polyester fibres.” (These substances are in fact found, 
by physical tests, to be capable of penetrating into the crystalline regions of the fibre.?®) 

When the solute molecule has two widely spaced, strongly ionic (sulphonate) groups, 
eg., dye C.I. 16,045 (see Table 1), it has reduced affinity for the polymer,” does not 
penetrate crystalline regions, and does not give the C curve. 

(ii) Benzene in n-heptane and water as a solute in butan-1-ol adsorbed by dry wool fibre 
(Fig. 2Ca, 6). This solvent (butanol) does not penetrate dry wool readily, if at all (cf. ref. 10). 

(iii) Certain amino-acids and peptides, in water, on silica dust. The mechanism here 
is rather obscure. Probably it involves hydrogen-bonding of the amino-groups with 
silica in regions of the amorphous layer around the silica particles which are less readily 
penetrated by water. 

(iv) Phenols, in water, on synthetic polypeptides (Table 1). The same solutes on wool 
give S curves. Presumably the highly crystalline structure of the synthetic products 
makes them less readily penetrable by water. 

Abnormalities.—We are aware of only three examples of the C3 curves: Adsorption of 
biphenyl by poly(ethylene terephthalate) (Terylene) fibre from hot aqueous dispersion * 
appears to give the C3a isotherm.t The upper part of this curve must represent very 
deep penetration of the crystalline regions of the fibre, which appears to proceed without 
limit. Some disperse dyes, especially of the anthraquinone class, give C3a isotherms, 
the upper portion rising more steeply if a second dye is present which has the effect of 
promoting adsorption of the one measured. Part of this steady increase in adsorption 
beyond the inflection is attributable to building-up of adsorbed dye on the outer surface 
of the fibres. [Some L3a isotherms were obtained with systems of type (i) (above) by 
Bird and Manchester * (cf. ref. 32) using cellulose acetate fibre. They traced the cause 
to the presence of large dye particles in the dispersions used.] The third example 
(hematoxylin) is doubtful, because there are insufficient experimental points to establish 
the shape at high concentrations. 

The organic substances (‘‘ carriers”), used to aid the penetration of disperse dyes into 
polyester fibres, normally give adsorption isotherms of type C.% Rochas and Courmont,® 
however, obtained curves for several of these substances, in which an initial S portion 
changes abruptly to a flat plateau. These unusual curves are probably not true adsorption 
isotherms; on account of the method of analysis used (weighing of centrifuged fibres 


* Note added in proof.—A new type of C isotherm system has recently been described, viz., non- 
ionic phenylazobenzene derivatives adsorbed by wool from water. It seems probable that because of 
their weak hydrogen-bonding properties (cf. refs. 4, 22b, 48) and steric effects, these solute molecules 
cannot form a stable attachment to the fibre in the presence of water, but they can do so by hydrogen- 
bond and non-polar forces in. some of the more crystalline regions which are not penetrated by water, 
The system is thus essentially similar to other C systems. In wool there are, however, few crystalline 
regions ** (10-15% inaccessible to D,O), so that these solutes are adsorbed to a very limited extent 
(saturation adsorption is one-tenth of that in cellulose acetate **), 

4-Aminoazobenzene, tested here on cellulose, gives the S isotherm, In this substrate the conditions 
are different: the cellulose molecule is planar, and can adsorb planar aromatic solute molecules from 
water by non-hydrogen-bonding forces," either oriented flat or edge-on (as probably in this case, of. 
Fig. 12), in pe Fess regions, 

t Rochas and Courmont ™ say their curve for this system was “ linear,"’ but do not give details, 

* Vickerstaff, ‘‘ The Physical Chemistry of Dyeing,” Oliver and Boyd, Ltd., Edinburgh, 2nd edn,, 


1954, “* Cameron, Giles, and MacEwan, J., 1058, 1224. * Burley, Nichols, and Speakman, J 
Textile Inst., 1965, 46, 1427. 
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after treatment in “ carrier” solutions, allowance being made for the entrained water), 
the amount of solute returned as adsorbed will include some held in solution in the 
mechanically held liquid. In fact, when excess of solute was removed by rinsing in acetone, 
that remaining gave a normal C isotherm. 

Unlike water, benzene from butan-l-ol on wool does not give a C curve. Here the 
solvent has the higher affinity (by hydrogen-bonding), because of its large molecule, but 
normally penetrates wool only with great difficulty. It is completely miscible with benzene 
and probably penetrates better from the mixture than alone. The S curve (Fig. 54) 
indicates end-on orientation of adsorbed benzene. 


Additional Characteristics 


(i) Indications of the Monolayer.—Nearly all sufficiently complete curves have either 
a plateau or an inflection (“knee”’). Those that do not (Sub-group 1) are clearly in- 
complete: saturation of the surface has not been reached, probably because of experi- 
mental difficulties. The plateau, or the beginning of the linear portion above the “‘ knee” 
(Brunauer’s “ Point B”’, ref. 2, p. 287) must represent “ first degree saturation ’’ of the 
surface, t.e., the condition in which all possible sites in the original surface are filled and 
further adsorption can take place only on new surfaces. For convenience, this degree of 
coverage may be called the formation of a complete “ monolayer,” but this does not 
necessarily imply that it is a close-packed layer of single molecules or ions, as in a com- 
pressed monolayer on water. It may be so in some cases, and when it is, specific surface- 
area determinations can readily be made. Generally, however, the layer may (a) contain 
solvent as well as solute molecules,* or (5) consist only of isolated clusters of solute molecules 
adsorbed on the most active sites, or (c) consist of ionic micelles, either packed closely or 
well separated. 

(ii) Solvent in the Monolayer.—Adsorption tests with p-nitrophenol give some indication 
of the likelihood of the presence of solvent in an adsorbed monolayer. Table 2 shows 


TABLE 2. Adsorption of p-nitrophenol by chromatographic alumina (Grade 1), at 20°. 


Solvent Benzene Water 
Isotherm class L3a S2 
Monolayer adsorption: 
ED | Pickles Ancien ted vecseuddddidciwvivatetéstinnvececetsubeee esas 425 260 
estimated from ovis plateau 
Assumed cross-section of adsorbed molecule (A?) ep 25 
Specific surface area (cm.?/g. x 10-5) , 3-90 


that estimates of specific surface area of alumina made by using two solvents agree well if 
it is assumed that the adsorbed monolayer is a condensed one and does not contain benzene, 
but does contain water, when these solvents are used. The values of (a) 15 A? and 
(b) 25 A? for the cross-sectional areas of p-nitrophenol agree with estimates from models 
assuming end-on orientation, with respectively (a) close-packing and (b) packing with one 
water molecule sandwiched between each pair of phenolic groups (cf. the value of 24 A? for 
p-alkylphenols in condensed monolayers on water *). 

We therefore suggest, as a working hypothesis, that (7) no solvent is present in adsorbed 
monolayers on solids of opposite degree of polarity to the solvent, i.e., monolayers on polar 
solids in non-polar liquids, and probably also not in monolayers on non-polar solids in 
polar liquids; and (i) a molecule adsorbed from water occupies the same cross-sectional 
area on a solid polar surface as it would do in a condensed monolayer, at zero compression, 
on water. 

* Fu, Hansen, and Bartell ** found that “ monolayers ’’ of butyric acid adsorbed on carbon from 
water contained solvent (cf. also ref. 33d). 


3 (a) See, e.g.,!Kipling and Tester, J., 1952, 4123; Blackburn and Kipling, J., 1954, 3819; 1955, 
1493; Kipling and Peakall, J., 1956, 4828; Jones and Mill, J., 1957, 213; (6) Bikerman, ‘‘ Surface 
Chemistry, Theory and Applications,” Academic Press Inc., New York, 2nd edn., 1958, Chap. IV. 

** Adam, Proc. Roy. Soc., 1923, A, 108, 676. . 
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(iii) Adsorption of Isolated Clusters of Molecules, and of Ionic Micelles. Differences in 
Monolayer Capacity.—In some systems, e.g., polynuclear aromatic hydrocarbons adsorbed 
from xylene on alumina (cf. Table 1), certain basic dyes on crystalline quartz,’ and anionic 
dyes on silica dust (Fig. 7), the amount of solute taken up at the “‘ monolayer ”’ stage is much 
less than the surface capacity estimated by other methods. In these cases adsorption 
probably takes place only on a few highly active sites. Indeed, the adsorption of basic 
dyes under different conditions is a good example of the variation of “ monolayer ” capacity 
which can occur. Thus the cationic azo-dye Janus Red B (C.I. 26,115), which is very 
colloidal in solution, is adsorbed on finely ground amorphous silica (at 40°) in about 
18 times the amount theoretically required to form a condensed monolayer.’® It is 
probably adsorbed as large ionic micelles. On coarser silica and on crystalline quartz, 
however, it is adsorbed in rather less than the theoretical monolayer capacity.’® (The 
amorphous “ disturbed ’’ outer layer developed on silica by mechanical grinding is known 
to have higher adsorptive powers than the normal crystalline surface.*) 

In all adsorptions of large organic molecules, in fact, there is the possibility that 
association of the adsorbed ions or molecules may occur, because at the adsorbing surface 
they are brought close together. Association may thus occur just before or just after 
the moment of adsorption (cf. the discussion on the H curve, p. 3984). Association of dyes 
in the adsorbed state has indeed been detected by a variety of indirect means * and by a 
direct method, with use of electron micrography.*” By this method a number of (water- 
soluble, sulphonated) direct cotton dyes are seen to be present in cellulose as dense clusters 
of minute particles or microcrystals (size >40 A). There is as yet no certain evidence of 
the stage at which these aggregates are formed, but there are some indications of their 
formation during adsorption.** 

(iv) Significance of Plateau Length or ‘‘ Point B”’ Slope Change.—In practice the precision 
of the value of the “‘ monolayer ” capacity determined from the curve varies widely. At 
one extreme there are curves with a long flat plateau (e.g., Fig. 2Ha), and, at the other, 
those with only a very small change of slope at “ Point B.”’ Indeed, in some cases the 
position of this point is not very clear (cf. Fig. 2Lb); these can be considered special cases 
in which the plateau is very short. 

The significance of a long plateau must’be that a high energy barrier has to be overcome 
before additional adsorption can occur on new sites, after the surface has been saturated 
to the first degree. The solute has high affinity for the solvent, but low affinity for the 
layer of solute molecules already adsorbed. It is perhaps significant that adsorptions of 
ionic micelles give curves with long plateau; in these cases the surface of the solid, when 
covered, will tend to repel other micelles holding the same charge. 

A short plateau must mean that the adsorbed solute molecules expose a surface which 
has nearly the same affinity for more solute as the original surface had. Consider the 
isotherms of p-nitrophenol adsorbed on alumina from water and from benzene respectively. 
The first (S2) has a well-marked plateau, the second (Fig. 4b) has the L3a form, without 
plateau. The calculations of specific surface area, just discussed, indicate that the ‘‘ mono- 
layer’ probably contains solvent in the first case, but not in the second. We assume, 
therefore, that all phenol molecules adsorbed from water are attached to the alumina by 
the -O---HO- bond, and therefore the outer surface they expose after adsorption 
consists largely of benzene nuclei and has less affinity for molecules of phenol from solution 
than the original surface has. The nitrophenol molecules adsorbed from benzene, how- 
ever, appear to be close-packed, and the surface they expose after adsorption has almost 
as high affinity for additional phenol molecules as the original surface has. Further, the 
isotherm beyond “ Point B”’ rises steadily without inflection to a level representing 


* Gibb and Ritchie, J. Appl. Chem., 1954, 4, 483. 

** Campbell, Cathcart, Giles, and Rahman, Trans. Faraday Soc., 1959, 55, 1631, and reference 
quoted therein. 

%7 Weissbein and Coven, Textile Res. J., 1960, 30, 58, 62. 
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adsorption several layers deep. These facts could be explained by assuming that the 
adsorbed phenol molecules have their hydroxy-groups alternately facing up and down, 
i.e., in contact with the external solvent and with the alumina. The adsorbed layer then 
has an exposed surface with a high concentration of hydroxy-groups, which have high 
affinity for more phenol molecules. If the molecules in each subsequent layer are oriented 
as they are in the first, the affinity of the outer surface for an additional layer of phenol 
will remain almost constant, no matter how many layers are already present. This could 
account for the long and nearly constant slope of the isotherm. 

Further interesting examples of plateau variations are given by two isotherms ® for 
cyanine dyes adsorbed on silver halide (Fig. 6). The cationic dye, adsorbed edge-on to the 
surface by strong ion—ion attraction, gives almost a flat plateau. The ionic centres in the 
dye molecule are held to the silver halide, and thus when the monolayer is complete it 
presents to the solution a new surface composed entirely of the hydrophobic upper edges 
of the dye molecules, which has less attraction for bombarding dye cations than the original 
silver halide surface had. Thus a second layer builds up with difficulty. The non-ionic 
merocyanine dye, however, is adsorbed flat, and the covered surface therefore readily 
accepts another layer of dye molecules, which stack flat on top of those already there. 
The curve therefore rises steadily. 

The length of the plateau in the cases of certain cyanine dyes adsorbed on silver halide 
in gelatin emulsion was found by West e¢ al.8 to depend upon the length of time the 
emulsion and the dye solution had been in contact before analysis. After only a short 
period a long flat plateau appeared in the curve; with increasing time of contact this 
became shorter and less pronounced. The gelatin probably has some complicating 
influence. 

(v) Second Rise and Second Plateau.—These (cf. sub-groups 3 and 4) are attributed to the 
development of a fresh surface on which adsorption can occur, the second plateau (sub- 
group 4) representing the complete saturation of the new surface, though this stage is not 
always realisable, and the curve then appears as in sub-group 3. 

The fresh surface may be: (a) the exposed parts of the layer already present (e.g., basic 
dyes adsorbed from water as ionic micelles, on graphite, curve H3a, cf. Fig. 2Hd); this 
will be the case, of course, only if there is room for a second layer (e.g., Fu, Hansen, and 
Bartell %* obtained curves with a second rise for phenol adsorption on several types of 
highly porous carbon, but on sugar charcoal, which had very small pores, only a single 
plateau was obtained); or (6) new, probably more crystalline regions of the substrate 
structure into which the solute begins to penetrate, ¢.g., aromatic sulphonic acids on chitin, 
which is highly crystalline, and certain sulphonated dyes on (chromic acid) anodic film 
on aluminium (Z3) where the penetration is so complete that the substrate eventually 
crumbles away when excess dye is present; or (c) part of the original surface. 

Thus, under (c) a proportion of the original surface may be uncovered by re-orientation 
of the molecules already adsorbed. This may apply to the adsorption of phenol (from 
water) by graphite (Z5) (Fig. 2Zc), where the appropriate measurements are consistent 
with complete coverage in flat orientation at the first plateau, and complete coverage in 
vertical orientation at the second. A similar phenomenon was noted by Daniel * in the 
adsorption of fatty acids on metal powders. Alternatively, the second plateau may, 
apparently, in many cases represent a second condensed monolayer formed on top of 
the first; examples are certain monosulphonated aromatic compounds on graphite, from 
water (curve S4), and some cyanine dyes on silver halide (L4). 

Curves of groups 3 and 4 are given by many solutes on wool fibres, but the evidence is 
not yet sufficient to assign a cause. Here the possibility of adsorption on different types 
of site successively must be considered. 

It is observed that adsorption of ionic micelles seldom produces a rise in the isotherm 
beyond the first plateau. Possibly the mutual repulsion of the charged layer and micelles 
in solution, already mentioned, prevents this. 
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(vi) Maxima.—Occasionally a fall in slope occurs after the first inflection, #.e., the 
isotherm has a maximum (sub-group mx). This is probably due to association of the 
solute in solution, #.e., with increase in concentration the solute-solute attraction begins to 
increase more rapidly than the substrate-solute attraction. Examples are adsorption of 
p-aminoazobenzene and of #-nitrophenol on wool from benzene, anionic detergents on 
wool, methanol on Nylon, and quaternary ammonium surface-active agents on cellulose,!” 
where the maximum occurs at solution concentrations a little higher than the critical micelle 
concentration. Often there is a minimum after the first maximum, and the curve there- 
after rises again; sometimes still more complex curves, with successive maxima (mxmx), 
occur." 

Adsorption of Binary Liquid Mixtures.—Many studies have been made of adsorption of 
pairs of miscible liquids (say A and B) by solid surfaces.** Normally, measurements are 
made over the whole range of possible mixtures, lying between pure A and pure B. At 
each end of the range, of course, the isotherm represents the adsorption of one solute from 
a dilute solution in the other, and so the end portions of the curves can be divided into the 
present classes. With increase in the proportion of one component of the mixture the 
isotherm reaches a maximum and then descends as in the mx sub-group defined here. 

Changes in Isotherm Shape with Change in Adsorption.—Variables. Sometimes a small 
change in some variable can change the isotherm class. Adsorptions of phenols are 
an interesting example (Figs. 2 and 4; Table 1). Phenol gives: S curves from polar 
solvents on polar substrates (alumina, silica, wool fibre); L curves on graphite from water 
or on polar substrates from non-polar solvents (e.g., alumina, from benzene); and a C curve 
on cellulose triacetate from 2,2,4-trimethylpentane or water (both of which have low 
swelling power for this polymer). The reasons for these variations will be apparent from 
the discussion above. 

Particularly useful examples to consider are those of the difference between (a) 
hematein (I) and hematoxylin (II), its leuco-derivative, on fibres, and (b) certain anthra- 
quinone dyes (III, IV) on silica. 


f oO. 7"HO 5 a 
HO CH2 HO “CH, $O3;Na SO3Na 
* LOH e | OH 

c* mat NaO,5S 
CH2 H°7 CH, ©. UNPh QO, .0., 
H 
HO | 4 
A «HO 


(I) (Il) (IIT) (IV) 
* Probable hydrogen-bonding centres. 





From water, (I) on polar fibres and (III) on silica give S curves, but (II) and (IV) give 
L curves on the respective substrates (Figs. 3, 7). This suggests that (I) and (III) are 
close-packed vertically in the monolayer and (II) and (IV) are adsorbed flat. 

Tests of (I) and (II) with the Langmuir—Adam film balance support this suggestion 
(Fig. 14). When tested under films of methoxymethylnylon, (II) acts as a cross-linking 
agent, decreasing the area of the film and making it more rigid. Attempts to spread (II) 
itself (on hydrochloric acid) showed that it does not form a film. Both these effects are 
consistent with a flat orientation of the molecule at the water surface. (I), however, has 
a similar effect on the film to that of a surface-active dye, making the film more soluble 
(.e., more compressible); (I) can also be spread alone (on strong acid solution) to form a 
stable condensed monolayer with a zero-compression area of 60 A?, very close to that 
estimated from models for vertical close-packing. This monolayer is fairly compressible, 
because the molecule is non-planar and therefore cannot pack very tightly. 
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In (I) the active centres at opposite ends of the molecule are different and have different 
degrees of affinity for water or for the solid surface. Probably the pair of o-hydroxy. 
groups is the most active and therefore the one most likely to dissolve in the monolayer on 
water, or to attach to a solid polar surface; the hydroxy-group ortho to the quinone group 
will probably chelate therewith and thus be inactivated and rendered less water-soluble 
[(I) is much less soluble in water than (II)]. 

In (III) and (IV) the >NH groups presumably form hydrogen bonds with the silica 
surface. These dyes are anionic and the silica is negatively charged in water. Thus there 
is a potential barrier to be overcome before adsorption occurs (this is confirmed by the 
very low rate of adsorption). The S curve given by (III) is not, however, attributable to 
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Fic. 14. Force—area curves for methoxymethyl- 
nylon films and hematein films. 


(a) Methoxymethylnylon on 10-*m-hematoxylin, 
pH 1-60. (6) As a, pH 3-30 buffer solution; 
control. (c) As b, on 10°*m-hematein solution, at 
pH 3-30.**(d) As a, on pH 1-60 buffer solution; 
control. (e) Haematein on 2m-HCl. 
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low affinity due to the potential barrier (cf. inorganic adsorptions, see below); if it were, 
(IV) would give an S curve also. 

A surface-active cationic solute 7 dodecylammonium chloride, adsorbed on alumina ® 
from aqueous solutions, has recently been reported to give differently shaped isotherms 
according to the pH value of the solution. From weak acid solution L curves are obtained 
—doubtless micellar adsorption of cationic micelles is occurring. From strong acid solu- 
tion S curves are obtained; and the amount adsorbed is reduced below the “ monolayer ” 
capacity; perhaps end-on adsorption of individual ions occurs. 

We have not encountered any evidence that change of temperature causes changes in 
the class of the adsorption isotherm, though of course the position of the isotherm is usually 
altered. 

Determination of Specific Surface Area.—Dyes in aqueous solution have often been used 





1960] Studies in Adsorption. Part XI. 3991 


to estimate by adsorption the specific surface areas of finely divided solids. The method 
is simple, and is probably reliable if only comparative values of different samples of the 
same material are required, but it is less reliable for absolute values, mainly because dyes 
are apparently in many cases adsorbed as ionic micelles and the true extent of coverage 
of the surface is then indeterminate. 

In the light of the present work, measurements of specific surface area should be most 
reliable when made with a solute which (i) is highly polar, to ensure strong attachment to 
the whole surface of polar solids; (ii) has hydrophobic properties to enable it to be adsorbed 
by non-polar solids; (iii) has a small molecule which is preferably planar and likely to be 
adsorbed as a vertically oriented close-packed monolayer, thus ensuring precision in cross- 
sectional area estimation (it thus follows that S curves are more likely to give reliable data 
than other types of curve) ; (iv) is not highly surface-active, to ensure that three-dimensional 
micelles are not formed at the solid surface; (v) is coloured, for ease of analysis; (vi) has 
good solubility in water, for convenience, but is also soluble in non-polar solvents when 
required for use with water-soluble solids. 

These are exacting requirements and it is unlikely that any one substance will be found 
to satisfy them for all substrates. One compound, however, appears to satisfy them 
reasonably well, for a variety of materials. This is p-nitrophenol, and in results obtained 
so far it has given promising results. It is, however, unsuitable for use with some polar 
organic polymers, ¢.g., Nylon, for which it is an effective swelling agent. For these 
materials methanol in benzene can be used, analysis being by refractometry. 

Note on adsorption of inorganic solutes. Samuelson * described the relation between 
the ion-exchange affinities of inorganic ions on resins and their exchange isotherms, which 
are of S, C, or L class when the entering ion has respectively lower, similar, or higher 
affinity than the one removed. Some metal ions when adsorbed from salt solutions by 
cation-exchange resins ** and (apparently) calcium hydroxide adsorbed on silica give 
H isotherms. These are probably the result of covalent bond formation (to the substrate). 

Corrections—Some isotherms in previous papers from this laboratory are incorrectly 


shown. Thus, the curves in Fig. 1 (ref. 4) (cf. Fig. 2Sd here), Fig. 4 (ref. 4) (cf. Fig. 5d 
here), and Fig. 9 (ref. 16) (cf. Fig. 4a here) were incorrectly extrapolated to the origin: they 
are now found to be S curves. The curves of Fig. 5 in ref. 4 (and probably also Fig. 2e, f in 
ref. 10) should be drawn as C curves; C curves, in fact, fit the experimental points of the 
first-mentioned curve better than those originally shown; see Fig. 2Ca-c here, in which 
the same experimental points are used, and a new experiment by a different operator is 
included in confirmation. 


EXPERIMENTAL 


Most of the isotherms illustrated were determined in this laboratory, by the methods 
described earlier (refs. 4, 5, 7, 9, 10, 12, 14, 16). Haematoxylin and hematein were purified 
samples, and were spread from aqueous solution; methoxymethylnylon (Imperial Chemical 
Industries Limited, 40% methoxymethyl substitution in the amide group of Nylon 66) was 
spread from 0-01% solution in dry methanol; hematoxylin was dissolved in water containing 
a little sodium dithionite (hydrosulphite) to retard oxidation by air. The fibre samples of 
viscose rayon (Fig. 5) and wool (Fig. 5) were intensively dried by heating at 105° for 48 hr. 

The viscose rayon sample used for the experiment of Fig. 5a (also the chitin for that of Fig. 1, 
ref. 12a) was dried at 100° for 4 hr. after being refluxed with dry benzene. 


APPENDIX 


Use of Isotherms for Solute Affinity Measurement.—Isotherms are often used for evaluating 
affinities of solutes for substrates and so correlating the affinities with structural features in the 


*8 Samuelson, “ Ion Exchangers in Analytical Chemistry,” John Wiley and Sons Inc., New York, 1953. 


3° Boyd, J. Amer. Chem. Soc., 1947, 69, 2818. 
Greenberg, J. Phys. Chem., 1956, 60, 325. 
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solute molecules. In theory the determination of the affinity is simple, requiring only a 
knowledge of the activities of the solute in the solution and the substrate phases, but difficulties 
arise in practice in determining the activity in the substrate. 

First, the extent of the substrate phase, i.e., the true area or volume of the adsorbing surface 
layer, is hard to define; and secondly, the adsorbed solute is not ideal, and is often present as 
aggregates or micelles (see p. 3987). Nevertheless, at least three methods of affinity determin- 
ation have been proposed: 

(a) Use of the term 6/(1 — 6) to express solute activity in the solid, where 6 is the proportion 
of available sites occupied. This was proposed by Gilbert and Rideal ** in calculating the 
affinity of simple mineral acids for wool fibres, and later by Vickerstaff ** for acid dyes on wool, 
The assumption is made that there is no interaction between the adsorbed ions, but this is very 
unlikely with large ions. 

(b) Use of the hypothesis that the adsorbed solute is dissolved in a specific volume of the 
solvent in the surface layer, which is more closely associated with the substrate than is the 
main body of solvent. The value of the volume term used is determined empirically. This 
method was used by Peters and Vickerstaff 4* for dyes on cellulose. It does give rational 
results which enable useful correlations to be made between affinity and solute molecular 
structure, 14 but the real significance of the ‘‘ volume term ”’ is uncertain. 

(c) Use of the method of Bartell e¢ al.,** based on measurement of the initial angle of the 
isotherm: —Ay° = —RT In K, where K is the equilibrium constant. The isotherm must be 
replotted with ordinates expressed as weight of solute per unit volume of adsorbed layer, 
involving again the estimation of the layer volume or thickness. Further, the value of K is 
given by the slope of a line drawn through the origin, tangential to the initial slope of the iso- 
therm. Considerable variation in estimates for the slope is possible since this portion of the 
isotherm is the least accurate. For H isotherms the slope is infinite; for S isotherms it is zero, 
Also, in general, no account is taken of the total amount of solute adsorbed. 

Kinetic treatment. In Langmuir’s formula “4 the rate at which molecules bombard the 
surface is assumed to be directly proportional to the pressure (or concentration, of a solution). 
This assumption gives the equation of the L1, L2, H1, and H2 curves. Here we assume that 
in some cases the rate is proportional to some other function of the pressure or concentration, 
and show that this can explain other forms of curve. A further assumption, necessary in 
applying the Langmuir concept to solution adsorption, which we make in common with earlier 
authors, is that in adsorption from dilute solution the action of the solvent molecules is solely 
to reduce the energy of the surface, by competition with the solute. (Heit et al.1® show by a 
thermodynamic argument that, if it is assumed that both dye and solvent are adsorbed at the 
same set of sites, each in accordance with the classical Langmuir equation, then the solution 
adsorption isotherm should fit this equation.) 

In the classical Langmuir treatment, the amount adsorbed, y = k,k,p/(1 + 2p), where p is 
the pressure (concentration in the present cases) and k, and k, are constants for the given 
system, k, is proportional to «/y, where « is the proportion of bombarding molecules which 
adhere to the surface and y is the rate of evaporation from a completely covered surface. Thus 
the classical formula assumes «/y to be a constant, characteristic of the system. We assume 
that it is not generally a constant, but is a function of the concentration (or pressure). 

Thus if k, = f(p), then 


dk 
b+ PS 
ap "+ hp 


dy 


Special Cases.—(i) The S2 curve (see Fig. 1). When (1) y= 0, p= 0 and dy/dp = 0; 
(2) y = ky, p = © and dy/dp = 0; therefore k, = 0 at p = 0, and &, must be a function of p 
to a positive power if dy/dp is to be zero at p = 0; i.¢.,k, = p* where a > 0. 

(ii) The H2 curve (see Fig. 1). When (1) p = 0, y = Oand dy/dp = ~; (2) p=, y=hy 
and dy/dp = 0. To satisfy dy/dp = © at p = 0, k, must a function of p to a negative power, 


‘1 Gilbert and Rideal, Proc. Roy. Soc., 1944, A, 182, 335. 

42 Peters and Vickerstaff, Proc. Roy. Soc., 1948, A, 192, 292. 

‘8 Bartell, Thomas, and Fu, J. Phys. Colloid Chem., 1951, 55, 1456. 
Langmuir, J. Amer. Chem. Soc., 1916, 38, 2221. 
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and to satisfy y = 0 at p= 0 the power must lie between 0 and —1; i.e., k, = p® where 
0<6<1. 

aa The C2 curve (see Fig. 1). Here y = ap, where a is a constant. Hence k,k,p/(1 + 
hyp) = ap; wherefore k, = a/(k, — ap). This means that , is infinite at p = k,/a, and that 
if p is greater than k,/a the sign of k, would change from positive to negative, which is impossible, 
because the components of k, (« and y) are both positive. When k, = © the rate of evapor- 
ation is zero. It follows that when the concentration a/k, is reached the value of y will remain 
fixed and the curve will change abruptly to the horizontal. 
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787. The Scope and Mechanism of Carbohydrate Osotriazole Formation. 
Part IV... Debromination and Oxidation of Substituted Osazones and 
Osotriazoles. 

By H. Et Kuapem, Zaki M. EL-SHAFEI, and Y. S. MOHAMMED. 

Copper precipitated during conversion of osazones into osotriazoles with 
copper sulphate causes ortho-debromination similar to that of o-bromo- 
carboxylic acids. The action of copper sulphate, bromine water, and potass- 


ium permanganate on p-methoxyphenyl- and carboxyphenyl-osazones is 
investigated. 


It was shown ! that glucose 2,4-dibromophenylosazone, when refluxed with aqueous copper 
sulphate, did not yield the expected 2,4-dibromophenylosotriazole, but instead lost its 
2-bromine atom and gave the #-bromophenylosotriazole. Similar debrominations were 
found when osazones having bromine atoms in the 2-position were converted into osotri- 
azoles. Thus, glucose o-bromophenylosazone (I; R = R’ = H) afforded glucose phenyl- 
osotriazole (II; R= R’ =H); glucose 2-bromo-4-methyl- (I; R= Me, R’ = H) and 
2,5-dibromo-phenylosazone (I; R = H, R’ = Br) yielded glucose #-tolyl- (II; R = Me, 
R’ = H) and m-bromophenyl-osotriazole (II; R = H, R’ = Br) respectively. 


Hcannn{ Yr HC=N HC=N 
‘ + 
C=N C=N 


r 

R’ 

R’ | R’ ot R’ 
Br 


| 
(I) (11) (III) 


Electron-attracting groups such as the nitro-group are known to increase the reactivity 
of the o- and f-halogen atoms; similarly a bromine atom ortho to a carboxylic group is 
very reactive. Thus, o-bromobenzoic acid was shown by Hurtley* to be debrominated 
by a refluxing aqueous suspension of copper powder, yielding benzoic acid, though the 
meta- and para-acids were unaffected. In the present work, 2-(4-bromo-3-carboxyphenyl) - 
1,2,3-triazole-4-carboxylic acid (III; R = Br, R’ = CO,H) was likewise debrominated by 
copper powder to the 2-m-carboxyphenyl-acid (III; R = H, R’ = CO,H). It is unlikely 
that the latter debromination is due to the presence of the bromine para to the triazole 


1 Part III, J., 1959, 1655. 
* Hurtley, J., 1929, 1870. 
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ring since glucose ~-bromophenylosazone was not debrominated by copper sulphate,3 or 
2-p-bromophenyl-1,2,3-triazole-4-carboxylic acid (III; R= Br, R’=H) by copper 
powder. It was also found that copper sulphate alone failed to debrominate o-bromobenzoic 
acid in the absence of copper powder. Therefore, by analogy, it is suggested that the 
copper precipitated during the conversion of osazones into osotriazoles is responsible for 
removal of the o-bromine atom. The 2-phenyltriazole system can exist in the annexed 


HC —N HC—N HC=N 

4 =\+ i> HC—N HC=N 

| _-NPh | {NPh | SNPh SNPh 

C-N ¢-N C=N 4 
] 


L 
=N Cas Nn? 
1 

five resonating structures. The presence of a positive charge on the 2-nitrogen atom will 
probably cause it to behave as an electron-attracting group‘ and thus account for the 
similarity between the debromination of o-bromotriazoles and o-bromo-carboxylic acids, 

o-Methoxyphenyl- and o-carboxyphenyl-osotriazoles were difficult to prepare, like the 
tolyl- and bromophenyl-derivatives,"> though the meta- and para-triazoles were readily 
obtained from the osazone and copper sulphate. It seems (see Table) that triazole form- 
ation is inhibited by electron-attracting para-groups and facilitated by electron-donating 
ones, in harmony with the view that triazole formation occurs by oxidation of osazones 5 


(which of course involves loss of electrons). 


Approx. time (hr.) for 
Glucosazone refluxed with aq. CuSO, triazole formation 
p-Methoxyphenylosazone 
Phenylosazone 2 
p-Carboxyphenylosazone + 
p-Nitrophenylosazone No reaction 


Glucose m-methoxyphenyl-osazone and -osotriazole, when treated with bromine water, 
afforded a dibromophenylosotriazole, presumably glucose 4,5-dibromo-3-methoxyphenyl- 
osotriazole. Unlike the m-tolyl- and m-bromopheny] derivatives, where mono-substitution 
takes place in the 4-position, the methoxy-group here seems to facilitate the introduction 
of a second bromine atom. Bromination in the 4- and the 5-position is most likely since 
in previous experience it was impossible to introduce a bromine atom ortho to the triazole 
ring (probably because of a steric effect by the latter). On the other hand, no bromination 
took place when p-methoxy- or p-carboxy-phenyl-osazones or -osotriazoles were treated 
with bromine water. The triazole ring, thus, appears to be mainly para-directing and 
if this position is occupied no bromination takes place. This behaviour can be attributed 
to the electromeric effect of the approaching bromine cation which would temporarily 
lead to the formation of a negative centre in the para-position, as in the case of biphenyl. 


TXD- +O 
[HD- +O 

Treatment of glucose o-, m-, and p-methoxyphenylosotriazoles with potassium perman- 
ganate yielded the corresponding 2-(methoxypheny])-1,2,3-triazole-4-carboxylic acids. 
Similarly, glucose m- and #-carboxyphenylosotriazoles were converted into 2-(carboxy- 
phenyl)-1,2,3-triazole-4-carboxylic acids.+5 Since the mz-acid resisted bromination, 
probably because of —I and —T effects of the carboxylic group, 2-(4-bromo-3-carboxy- 
pheny]l)-1,2,3-triazole-4-carboxylic acid was prepared from glucose 4-bromo-3-methyl- 
phenylosotriazole by oxidation with potassium permanganate. 

For glyoxal bisarylhydrazones and aryltriazoles there was the same pattern of 
reactions as with the sugar derivatives. Thus, glyoxal bisphenylhydrazone was converted 

* Hardegger, El Khadem, and Schreier, Helv. Chim. Acta, 1951, 34, 253. 


* Benson and Savell, Chem. Rev., 1950, 46, 1. 
5 El Khadem and El-Shafei, J., 1958, 3117. 
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into 2-bromophenyl-1,2,3-triazole by bromine water, and the #-tolyl derivative was 
obtained from the corresponding bisarylhydrazone either by copper sulphate or by bromine 
water; here too no bromination took piace since the 4-position was occupied. Finally, 
potassium permanganate readily oxidised the methyl group and afforded 2-p-carboxy- 
phenyl-1,2,3-triazole. 

The ultraviolet absorption spectra of m- and p-methoxy- and -carboxy-phenyltriazoles 
are characterised by a peak between 268 and 284 my. As with the tolyl and bromo- 
phenyl derivatives,)5 the peaks of the para-isomers are higher and shifted towards longer 
wavelength. Similarly, the peaks for triazole-4-carboxylic acids (III) are shifted more 
than for the corresponding glucose osotriazoles (II). 


EXPERIMENTAL 

Absorption spectra were determined for ethanolic solutions with a Unicam S.P. 500 
spectrophotometer. 

Glucose Phenylosotriazole.—Glucose o-bromophenylosazone * (16 g.), suspended in a solution 
of copper sulphate (15 g.) in water (250 ml.) and dioxan (70 ml.), was refluxed for 2-5 hr. and 
then filtered. The solution was freed from copper sulphate by passing in hydrogen sulphide and 
neutralising the mixture with barium carbonate. On concentration, the osotriazole separated 
(2-5 g.); it recrystallised from dilute ethanol in needles, m. p. 196° alone or mixed with glucose 
phenylosotriazole * (Found: C, 54-2; H, 5-8; N, 16-1. Calc. for C,,H,,O,N;: C, 54-3; H, 5-7; 
N, 158%). 

Glucose 2-Bromo-4-methylphenylosazone.—Glucose (10 g.), in water (50 ml.), was treated 
successively with 2-bromo-4-methylphenylhydrazine hydrochloride (35 g.) in water (150 ml.), 
sodium acetate (35 g.) in water (50 ml.), and a few drops of acetic acid, and then heated on the 
water-bath for 3hr. The osazone which separated (12 g.) recrystallised from ethanol in needles, 
m. p. 219—220° (decomp.), difficultly soluble in boiling ethanol and methanol and insoluble in 
ether and water (Found: C, 44-1; H, 4:3; N, 10-5; Br, 29-3. C,.9H,,O,N,Br, requires C, 44-1; 
H, 4-4; N, 10-3; Br, 29-4%). 

Glucose p-Tolylosotriazole-—A suspension of glucose 2-bromo-4-methylphenylosazone (5 g.) 
in dioxan (50 ml.) was refluxed with copper sulphate (5 g.) in water (120 ml.) for 1 hr., then 
filtered. To remove dioxan, water (50 ml.) was added and the solvent distilled off until 100 ml. 
were collected. On cooling, the osotriazole separated (2 g.); it recrystallised from dilute 
ethanol in needles, m. p. 204°, alone or mixéd with glucose p-tolylosotriazole 7 (Found: C, 55-7; 
H, 5-9; N, 15-0. Calc. for C,,;H,,O,N,: C, 55-9; H, 6-1; N, 15-1%). 

Glucose 2,5-Dibromophenylosazone.—Glucose (6 g.) was treated with 2,5-dibromophenyl- 
hydrazine (26 g.) as above, giving an amorphous precipitate. This was washed with water and 
used for the preparation of the osotriazole. 

Glucose m-Bromophenylosotriazole.—Glucose 2,5-dibromophenylosazone (2 g.) was treated 
with copper sulphate (2 g.) as above. The product that separated (0-2 g.) sublimed at 
180°/0-5 mm.; it then crystallised from ethanol in needles, m. p. 209°, alone or mixed with 
glucose m-bromophenylosotriazole.! 

Glucose o-Methoxyphenylosotriazole—Glucose o-methoxyphenylosazone (9 g.) was refluxed 
in aqueous copper sulphate (9 g. in 300 ml.) for 1 hr., then filtered and freed from copper 
sulphate. The filtrate was evaporated to dryness under reduced pressure; the brown oso- 
triazole (5 g.) crystallised from water-ethanol in needles, m. p. 151°, soluble in ethanol and 
methanol and insoluble in water (Found: C, 52:7; H, 5-8; N, 14:2. (C,,H,,O;N, requires 
C, 52-9; H, 5-8; N, 14-2%). 

2-0-Methoxyphenyl-1,2,3-triazole-4-carboxylic Acid.—A suspension of glucose o-methoxy- 
phenylosotriazole (2 g.) was boiled with potassium permanganate (5 g.) in water (150 ml.) for 
20 min., filtered hot, treated with sodium hydrogen sulphite, and acidified. The crystals 
(1 g.) recrystallised from water-ethanol in needles, m. p. 136°. 2-0-Methoxyphenyl-1,2,3-tri- 
azole-4-carboxylic acid is soluble in ethanol and methanol and insoluble in acetone and water 
(Found: C, 54-9; H, 4-4; N, 19-2. C,.H,O,N, requires C, 54-8; H, 4:1; N, 19-2%). 

Glucose m-Methoxyphenylosazone.—This osazone, prepared as above, separated (2 g. from 5 g. 
of the hydrazine) from dilute ethanol in needles, m. p. 182° (decomp.). 


* Hann and Hudson, J. Amer. Chem. Soc., 1944, 66, 735. 
* Hardegger and El Khadem, Helv. Chim. Acta, 1947, 30, 1478. 
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Glucose m-Methoxyphenylosotriazole—Glucose m-methoxyphenylosazone (3 g.) was treated 
with copper sulphate (3 g.) as for the o-isomer. On concentration, the osotriazole separated 
(1 g.) and recrystallised from dilute ethanol in needles, m. p. 177° (solubility as for the ortho. 
isomer) (Found: C, 52-6; H, 5-8; N, 14-0%). 

Action of Bromine.—(a) Glucose m-methoxyphenylosazone (5 g.) in cold water (200 ml.) was 
treated with bromine (5 ml.), giving a dibromophenylosotriazole (1 g.), needles, m. p. 178° (from 
dilute ethanol), soluble in ethanol and methanol and insoluble in water (Found: C, 34-1; H, 
3-5; N, 9-4; Br, 35-3. C,,;H,,0O,N,Br, requires C, 34-4; H, 3-2; N, 9-4; Br, 35-3%). 

(6) Glucose m-methoxyphenylosotriazole with bromine water yielded the same product, 
m. p. and mixed m. p. 178°. 

2-m-Methoxyphenyl-1,2,3-triazole-4-carboxylic Acid.—To a boiling suspension of glucose m- 
methoxyphenylosotriazole (2 g.) in water (150 ml.), potassium permanganate (5 g.) was added 
and the mixture treated as for the o-isomer. 2-m-Methoxyphenyl-1,2,3-triazole-4-carboxylic acid 
(1 g.) crystallised from water-ethanol in needles, m. p. 166° (solubility as for the other acid) 
(Found: C, 54:3; H, 4-2; N, 19-0%). 

Glucose p-Methoxyphenylosazone.—Glucose (3 g.), in water (150 ml.), was heated with p- 
methoxyphenylhydrazine (7 g.) and acetic acid (4 ml.) on the water-bath for 3hr. The crystal- 
line osazone which separated (2-8 g.) recrystallised from dilute ethanol in needles, m. p. 210° 
(decomp.), soluble in ethanol and methanol and insoluble in ether and water (Found: C, 57-6; 
H, 6-4; N, 13-5. CypH.gO,N, requires C, 57-4; H, 6-2; N, 13-4%). 

Glucose p-Methoxyphenylosotriazole-—(a) A suspension of the preceding osazone (3 g.) in 
aqueous copper sulphate (3 g. in 150 ml.) was refluxed for 15 min., then filtered. On cooling, 
the osotriazole separated (1-5 g.) and recrystallised from dilute ethanol in needles, m. p. 199° 
(solubility as for the meta-isomer) (Found: C, 52-5; H, 5-6; N, 14-:0%). 

(b) Glucose p-methoxyphenylosazone (1 g.), suspended in water (100 ml.), when treated 
with bromine (2 ml.), afforded the preceding osotriazole, m. p. and mixed m. p. 199°. 

2-p-Methoxyphenyl-1,2,3-triazole-4-carboxylic Acid.—Glucose p-methoxyphenylosotriazole 
(2 g.) in water (150 ml.) was treated with solid potassium permanganate (5 g.) as described 
above. The acid (1 g.) recrystallised from water—ethanol in needles, m. p. 203° (solubility as 
for the ortho-acid) (Found: C, 55-0; H, 4-0; N, 19-2%). 

Glucose m-Carboxyphenylosazone.—Glucose (16 g.) was treated with m-carboxyphenyl- 
hydrazine (50 g.) as above. The osazone which separated (20 g.) crystallised from dilute 
ethanol in needles, m. p. 240° (decomp.). 

Glucose m-Carboxyphenylosotriazole-—Glucose m-carboxyphenylosazone (5 g.) in dioxan 
(100 ml.) was refluxed in aqueous copper sulphate (5 g. in 100 ml.) for 2 hr., then 
filtered. Dioxan was removed as described above and the solution concentrated. The oso- 
triazole (1 g.) separated and recrystallised from water-ethanol in needles, m. p. 209—210° 
(solubility as for the other osotriazoles) (Found: C, 50-5; H, 4-6; N, 13-4. C,,H,,;0O,N, requires 
C, 50-5; H, 4-9; N, 13-6%). 

Glucose p-Carboxyphenylosazone.—Glucose (13 g.) was treated with p-carboxyphenylhydr- 
azine hydrochloride (38 g.) as above. The osazone (16 g.) crystallised from dilute ethanol in 
needles, m. p. 211° (decomp.). 

Glucose p-Carboxyphenylosotriazole.—(a) Glucose p-carboxyphenylosazone when treated 
with copper sulphate in the same way as the meta-isomer, yielded the osotriazole, m. p. 268° 
(Found: C, 50-7; H, 4:7; N, 13-7%). If no dioxan was used, the reaction required 4 hr. for 
completion. 

(b) A cold suspension of glucose p-carboxyphenylosazone (5 g.) in water (200 ml.) was 
treated with bromine (5 ml.) and left overnight. The osotriazole was then filtered off, washed 
with water (1 g.), and recrystallised from dilute ethanol as needles, m. p. and mixed m. p. 268° 
(Found: C, 50-3; H, 4-8; N, 13-1%). 

Glucose p-Carboxyphenylosotriazole Tetra-acetate [Prepared by M. H. MesHreEk1].—A solution 
of the osotriazole in dry pyridine was treated with acetic anhydride; the tetyva-acetate crystallised 
from ethanol in needles, m. p. 165° (Found: C, 53-0; H, 4-9; N, 8-6. C,,H,,0,).N, requires 
C, 53-0; H, 4:8; N, 88%). 

2-p-Carboxyphenyl-1,2,3-triazole-4-carboxylic Acid.—Glucose p-carboxyphenylosotriazole (1 
g.), suspended in water (120 ml.), when treated with potassium permanganate (3 g.) yielded 
2-p-carboxypheny]-1,2,3-triazole-4-carboxylic acid,5 m. p. and mixed m. p. 344° (decomp.). 
2-(4-Bromo-3-carboxyphenyl)-1,2,3-triazole-4-carboxylic Acid.—To a boiling suspension of 
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glucose 4-bromo-3-methylphenylosotriazole 4 (1 g.), in water (200 ml.), potassium permanganate 
(5 g.) was added and the mixture refluxed for 1-5 hr. and treated as above. 2-(4-Bromo-3- 
carboxyphenyl)-1,2,3-triazole-4-carboxylic acid (0-7 g.) crystallised from water-ethanol in needles, 
m. p. 265° (solubility as for the other acids) (Found: C, 38-3; H, 2:1; N, 13:1; Br, 25-4. 
CypH,O,N3Br requires C, 38-5; H, 1-9; N, 13-5; Br, 25-6%). 

2-m-Carboxyphenyl-1,2,3-triazole-4-carboxylic Acid.—(a) 2-(4-Bromo-3-carboxypheny)])- 
1,2,3-triazole-4-carboxylic acid (2-5 g.), suspended in water-ethanol mixture (2:1; 150 ml.), 
was refluxed with copper powder (5 g.) for 2 hr. The mixture was filtered and the filtrate 
concentrated to about 50 ml. and left tocool. The crystals that separated (1-5 g.) recrystallised 
from water-ethanol in needles, m. p. 312°, alone or mixed with 2-m-carboxyphenyl-1,2,3-tri- 
azole-4-carboxylic acid.? 

(b) Glucose m-carboxyphenylosotriazole (1 g.), suspended in water (100 ml.), when treated 
with potassium permanganate (4 g.), afforded the same acid, m. p. and mixed m. p. 312°. 

2-(3,4-Dibromophenyl)-1,2,3-triazole-4-carboxylic Acid.—(a) A boiling suspension of glucose 
3,4-dibromophenylosotriazole* (1-5 g.), in water (100 ml.), was treated with potassium 
permanganate (3-5 g.) as above. 2-(3,4-Dibromophenyl)-1,2,3-triazole-4-carboxylic acid (0-8 g.) 
crystallised from water-ethanol in needles, m. p. 205° (solubility as for the other acids) (Found: 
C, 31-1; H, 1-5; N, 12-3; Br, 46-2. C,H,O,N,Br, requires C, 31-1; H, 1-4; N, 12-1; Br, 
46-1%). 

A ¢ cold suspension of 2-m-bromopheny]-1,2,3-triazole-4-carboxylic acid 4 (0-8 g.) in water 
(75 ml.) was treated with bromine (1 ml.) and left overnight. The light brown mass obtained 
was filtered off, washed with water (0-6 g.), and recrystallised from water—ethanol in needles, 
m. p. and mixed m. p. 205°. 

Glyoxal Bis-p-tolylhydrazone.—A solution of p-tolylhydrazine (26 g.) in 60% acetic acid 
(500 ml.) was heated to 70° and added to 40% aqueous formaldehyde (15 ml.) in 60% acetic 
acid (500 ml.). The mixture was kept overnight at room temperature and the bishydrazone 
that separated (8 g.) recrystallised from ethanol in plates, m. p. 225° (decomp.), soluble in 
boiling ethanol and methanol and insoluble in ether and water (Found: C, 71-9; H, 6-9; N, 
206. C,,H,,N, requires C, 72-2; H, 6-8; N, 21-0%). 

2-p-Tolyl-1,2,3-triazole.—(a) Glyoxal bis-p-tolylhydrazone (4 g.) was refluxed in a solution of 
copper sulphate (5 g.) in 20% aqueous dioxan (125 ml.) for 1-5 hr. The solution was then 
steam-distilled and the distillate (200 ml.) extracted with ether. The ethereal layer was washed 
with dilute hydrochloric acid and dried (Na,SO,). The triazole (1-5 g.) remaining after removal 
of the ether was repeatedly sublimed at 120°/2 mm., yielding plates, m. p. 55°, soluble in ethanol 
and methanol and insoluble in water (Found: C, 67-8; H, 5-4; N, 26-6. C,H,N, requires 
C, 67-9; H, 5:7; N, 26-4%). 

(b) Glyoxal bis-p-tolylhydrazone (2 g.), suspended in water (100 ml.), was treated in the cold 
with bromine (1 ml.), and kept overnight. The mass formed was filtered off, steam-distilled, 
and purified as in (a), giving the same product, m. p. and mixed m. p. 55°. 

2-p-Carboxyphenyl-1,2,3-triazole.—To a boiling suspension of 2-p-tolyl-1,2,3-triazole (1-5 g.) 
in water (250 ml.), potassium permanganate (4 g.) was added and the mixture treated as above. 
The acid which separated (0-9 g.) recrystallised from water-ethanol in needles, m. p. above 280° 
(Found: C, 57-2; H, 3-8; N, 22-2. Calc. for C,H,O,N,: C, 57-1; H, 3-7; N, 22-2%). 

2-p-Bromophenyl-1,2,3-triazole—Glyoxal bisphenylhydrazone (2 g.), suspended in water 
(100 ml.), was treated in the cold with bromine (1-5 ml.) and kept overnight. The mass formed 
was filtered off, steam-distilled, and purified as for the p-tolyltriazole. The sublimed triazole 
(0-7 g.) recrystallised from chloroform-light petroleum (b. p. 40—60°) in elongated prisms, 
m. p. 113—114°, soluble in ethanol, methanol, acetone, and chloroform, and insoluble in light 
petroleum (Found: C, 43-0; H, 2-9; N, 18-4. C,H,N,Br requires C, 42-9; H, 2-7; N, 18-7%). 

Spectva.— See Table. 


Osotriazole (cf. II) Triazole (cf. IIT) 


R R’ p (mp) log € R’ Amaz. (my) log € 
H OMe 268 4-21 OMe 272 4-18 
OMe H 278° 4-25 H 284 4-52 
H CO,H 268 4-25 
CO,H H 280 4-37 
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788. The Catalytic Oxidation of Rye-flour Arabinoxylan. 
By G. O. AsPINALL and I. M. Carrncross. 


Catalytic oxidation of rye-flour arabinoxylan results in selective oxidation 
of some of the primary alcoholic groups with the formation of carboxylic 
acids. Graded hydrolysis of the oxidised polysaccharide affords an aldo- 
biouronic acid, (3-D-xylose L-arabinofuranosid)uronic acid. The structural 
significance of this result is discussed. 


PREVIOUS investigations+? have shown that rye flour contains a_ water-soluble 
arabinoxylan in which a main chain of 1,4-linked $-D-xylopyranose residues carries 
terminal L-arabinofuranose residues as single-unit side-chains linked through position 3 
of approximately every second xylose residue. Hitherto, the evidence for the mode of 
attachment of arabinose to xylose residues in the polysaccharide has been obtained, 
indirectly, by a comparison of the original polysaccharide and a degraded polysaccharide 
from which some of the acid-labile arabinofuranose residues have been removed by 
controlled acid-hydrolysis,! and, directly, by the isolation as a product of partial enzymic 
hydrolysis of the trisaccharide, O-.-arabinofuranosyl-O-(1 —» 3)-$-D-xylopyranosyl- 
(1 —» 4)-p-xylose.2 This paper describes the isolation of an aldobiouronic acid as a 
product of graded acid-hydrolysis after chemical modification of the polysaccharide. A 
preliminary account of these results has been published.® 

The selective oxidation of primary alcoholic groups in simple hexopyranosides by 
gaseous oxygen in the presence of a platinum catalyst provides the simplest method for 
the formation of glycosiduronic acids. This procedure has now been applied to the 
oxidation of a proportion of the primary alcoholic groups in the rye-flour arabinoxylan, 
which are found only in the terminal L-arabinofuranose residues. An acidic poly- 
saccharide with a uronic acid content of 4% was isolated. Hydrolysis of the oxidised 
polysaccharide, followed by chromatographic separations of the products on charcoal- 
Celite and on filter sheets led to the isolation of an acidic disaccharide. 

The acidic disaccharide was shown to be (3-D-xylose L-arabinofuranosid)uronic acid 
(I; R = CO,H, R’ = H) by the following experiments. Reduction of the derived methyl 
ester methyl glycosides (I; R = CO,Me, R’ = Me) furnished the methyl glycosides of 
the corresponding neutral disaccharide (I; R = CH,-OH, R = Me), hydrolysis of which 
gave equal proportions of arabinose and xylose. From the mode of formation of the 
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aldobiouronic acid it is clear that the disaccharide is a (xylose arabinofuranosid)uronic 
acid. Oxidation of the aldobiouronic acid with periodate gave 1-07 mol. of formaldehyde, 
whereas oxidation of the acidic disaccharide alcohol (from treatment of the reducing 
disaccharide with borohydride) gave 1-9 mol. of formaldehyde. This result is consistent 
only with the presence of a 3-substituted xylose derivative. Further evidence in support 
of the structure for the disaccharide came from observations that the methyl ester methyl 
glycosides (I; R = CO,Me, R’ = Me) of the aldobiouronic acid consumed only 0-93 mol. of 
periodate, that the methyl glycosides of the neutral disaccharide (I; R = CH,°OH 


1 Aspinall and Sturgeon, J., 1957, 4469. 

2 Aspinall, Cairncross, Sturgeon, and Wilkie, J., 1960, 3881. 

% Aspinall, Cairncross, and Nicolson, Proc. Chem. Soc., 1959, 270. 
4 Mehltretter, Adv. Carbohydrate Chem., 1953, 8, 231. 
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R’ = Me), likewise, consumed 1-03 mol. of periodate, and that hydrolysis of the periodate- 
oxidised methyl glycosides gave xylose, showing the xylose moiety to be unattacked by 
the reagent. These results point to the presence in the disaccharide derivative of an 
arabinofuranose residue joined to xylose by a 1,3-linkage. 

The isolation of the aldobiouronic acid, (3-D-xylose L-arabinofuranosid)uronic acid, 
in this way, taken together with a previous knowledge of the structural units present in 
the rye-flour arabinoxylan,’ shows that the terminal L-arabinofuranose residues in the 
polysaccharide are attached as single-unit side-chains to position 3 of D-xylopyranose 
residues in the 1,4-linked basal xylan chain. This conclusion is in agreement with 
previous results.2 It is noteworthy that glycofuranosiduronic acid linkages in poly- 
saccharides, like the commonly encountered glycopyranosiduronic acid linkages, are 
resistant to acid-hydrolysis. Terminal L-arabinofuranose residues are of frequent 
occurrence in plant polysaccharides, and this procedure provides a method whereby 
direct evidence may be obtained for the mode of linkage of these acid-labile groups to the 
adjacent sugar residues. 

EXPERIMENTAL 


Paper chromatography was carried out on Whatman Nos. 1 and 3mm papers with the 
following solvent systems (v/v): (A) ethyl acetate—pyridine—water (10:4:3); (B) ethyl 
acetate-acetic acid—water (3: 1:3, upper layer). The rye-flour arabinoxylan was isolated as 
described by Preece and Hobkirk ® and digested with salivary «-amylase to remove traces of 
contaminating starch. 

Oxidation of Rye-flour Arabinoxylan.—A number of preliminary experiments indicated that 
oxidations of polysaccharides, which were carried out under the general conditions described 
below, were slow and that even after long periods oxidation of the available primary alcoholic 
groups was incomplete. Under similar conditions oxidations‘ of simple sugar derivatives, 
e.g., methyl «-D-mannopyranoside, were complete after 12—24 hr. 

Solutions of polysaccharide (3 g.) in water (150 ml.) and of sodium hydrogen carbonate 
(0-5 g.) in water (100 ml.) were each shaken with platinum catalyst (Adams platinic oxide after 
reduction with hydrogen; 10 mg.) to remove possible catalyst poisons, the platinum was 
removed at the centrifuge, and the solutions were combined. Platinum catalyst (0-2 g.) was 
added to the solution and oxygen was bubbled through the stirred mixture held at 65° for 4 days. 
Platinum was removed from the cooled solution by centrifugation, the solution was concen- 
trated, and the oxidised polysaccharide was precipitated by addition of ethanol (3 vol.) and 
freeze-dried from aqueous solution to give a white powder (2-5 g.) [Found: uronic anhydride 
(Kaye and Kent’s method),* 4%]. 

The acidic polysaccharide (2-5 g.) was hydrolysed by N-sulphuric acid (50 ml.) at 100° for 
4hr. After removal of traces of insoluble material at the centrifuge, the hydrolysate was 
poured on a column of charcoal—Celite (1:1; 20 g.). Elution with water removed sulphuric 
acid and monosaccharides. Elution with water containing 5% of butan-2-one removed oligo- 
saccharides, the eluate was shaken with di-n-octylmethylamine (5% v/v in chloroform) to 
remove traces of sulphuric acid and concentrated to a syrup which contained an acidic sugar 
(Rxyiose 0-47 in solvent B) and traces of arabinose and xylose. Further fractionation on filter 
sheets with solvent B furnished the chromatographically pure acidic disaccharide (55 mg.). 

Examination of the Acidic Disaccharide-—The acid (5 mg.) was dissolved in water (20 ml.), 
freshly prepared 0-3M-sodium metaperiodate (2 ml.) was added, and the mixture was made up 
to 25 ml. with water and kept at 35° for 24 hr. The formaldehyde formed was determined by 
Hough, Powell, and Woods’s method,’ and corresponded to 1-07 mol. The acid (5 mg.) was 
dissolved in water (5 ml.) containing potassium borohydride (15 mg.), and the solution was kept 
at room temperature overnight. The solution was neutralised with sulphuric acid, 0-3mM-sodium 
metaperiodate (2 ml.) was added, and the mixture was made up to 25 ml. with water and kept 
at 35° for 24 hr. The formaldehyde formed corresponded to 1-9 mol. 

The acid (40 mg.) was refluxed with methanolic 5% hydrogen chloride, and after neutralis- 
ation with silver carbonate gave methyl ester methyl glycosides (30 mg.) which consumed 0-93 

° Preece and Hobkirk, J. Inst. Brewing, 1953, 59, 385. 


* Kaye and Kent, J., 1953, 79. 
7 Hough, Powell, and Woods, J., 1956, 4799. 
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mol. of periodate (spectrophotometric determination *) on oxidation. The methyl ester methy] 
glycosides (25 mg.) were dissolved in water (5 ml.) containing potassium borohydride (50 mg.), 
and the whole was kept at room temperature overnight. Excess of borohydride was destroyed by 
treatment with Amberlite resin IR-120(H), and the solution was completely de-ionised by shaki 
with cation- and anion-exchange resins and on evaporation afforded the methyl glycosides of a 
neutral disaccharide (18 mg.). 

The methyl glycosides (5 mg.) of the neutral disaccharide were hydrolysed and quantitative 
estimation * after chromatographic separation showed xylose (46%) and arabinose (44%), 
The methyl glycosides (5 mg.) were oxidised with 0-105m-sodium metaperiodate (10 ml.) at 35° 
with the consumption of 1-03 mol. of reagent. A further quantity of methyl glycosides (5 mg.) 
was oxidised with sodium metaperiodate solution, sodium ions were removed by passage through 
a column of Amberlite resin IR-120(H), periodate and iodate were removed by addition of 
barium hydroxide solution, and excess of barium ions was precipitated as barium carbonate on 
passage of carbon dioxide through the solution. The filtrate was acidified with sulphuric acid 
and the solution was heated to effect hydrolysis. Quantitative paper chromatography ® of 
the hydrolysate showed the presence of xylose (0-90 mol. per mol. of methyl arabinosylxylosides), 
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789. Pure Tin() Sulphate. 
By J. D. DoNALDson and W. Moser. 


The preparation and analysis of pure tin(11) sulphate are described. The 
solubility of the material in various solvents is reported and its stability 
discussed. The thermal decomposition of tin(11) sulphate has been studied 
in detail and the decomposition temperature found to be 378°c. The unit-cell 
dimensions, cell contents, and X-ray diffraction powder data are included. 


TIN(II) SULPHATE has been found to be a purer and more satisfactory source of bivalent 
tin than the dihydrated chloride which is normally used. It is usually prepared '* by 
dissolving tin, or a tin(I) salt, in sulphuric acid and evaporating the solution. Carson 
prepared a pure solution of tin(I1) sulphate by displacement of copper from a copper 
sulphate solution with metallic tin. 

The properties of tin(11) sulphate are not well documented but its solubility in water 
has been reported ? as 18-9 g. in 100 g. at 20° and 18-2 g. at 100°. The material is also 
reported ® to be thermally stable up to 360°, above which it is said to decompose to sulphur 
dioxide and tin(Iv) oxide. We have extended the data. 


EXPERIMENTAL 


Preparation and Analysis.—Pure tin(11) sulphate can be obtained from a solution prepared 
by Carson’s method as follows: 

Metallic tin (37 g.), of analytical-reagent grade, was added to a solution of copper(11) sulphate 
(analytical-reagent grade) (37 g.) in water (300 ml.) and sulphuric acid (15 ml.), the solution 
being kept under oxygen-free nitrogen. The solution was boiled, copper being deposited. 
Eventually the solution became colourless and the deposit became grey owing to redeposition 
of tin on the surface of copper. At this point the solution was filtered rapidly and concentrated 

1 Bouquet, J. Pharm. Chim., 1847, 11, 459. 

* de Marignac, Ann. Mines, 1857, 22, 1. 

3 Longi, L’Orosi, 1885, 253. 

* Ditte, Ann. Chim. Phys., 1882, 27, 159; Compt. rend., 1887, 104, 172. 
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to about 50 ml. in a vacuum rotary evaporator. The mother-liquor was filtered off, and the 
tin(11) sulphate (~25 g.) washed with alcohol and ether and dried at 100°. 

Tin(11) sulphate can also be obtained from its solution by precipitation with organic solvents, 
but the final product is less pure and is often yellowish owing to the presence of quadrivalent tin. 

In assessing the purity of tin(11) sulphate, previous workers have relied on assay of total 
tin, generally by ignition to tin(Iv) oxide, and have neglected the possible presence of tin(1v) 
as impurity. We determined tin by the method of Donaldson and Moser.? We determined 
sulphate by combustion in an oxygen-free atmosphere and weighing of the sulphur dioxide 
liberated, the apparatus consisting of a silica tube in which a weighed sample was heated above 
400°; oxygen-free nitrogen was passed through guard tubes containing anhydrone and soda 
asbestos and used as a gas to carry the sulphur dioxide from the combustion, through a tube 
containing anhydrone, into a weighed absorption tube containing soda asbestos. Proof that 
the thermal decomposition of tin(11) sulphate is quantitative is given below. The percentages 
of stannous tin, total tin, and sulphate in three typical samples were: 55-4, 55-4, 44-4; 55-6, 
55-5, 44:7; 55-5, 55°5, 44-8; respectively. As the second anhydrone tube never increased in 
weight, all samples were free from water. 

Solubility of Tin(11) Sulphate——The solubility in five common solvents (see Table 1), under 
a non-oxidising atmosphere at various temperatures, was measured by titrating ’ the bivalent 
tin in solution. Aqueous solutions of tin(I1) sulphate must be prepared by addition of water 
to an excess of the sulphate because an excess of water hydrolyses +4 the material to an insoluble 
basic salt. Clear solutions of tin(11) sulphate can be obtained at 20° provided that the concen- 
tration of solute is greater than 18-9 g. per 100 ml. 

Stability of Tin(11) Sulphate.—Tin(1) sulphate can be kept for several months in contact 
with air, and much longer in the.dark under a vacuum. The first sign of impurity is formation 
of a small area of yellow material near the walls of the container. This colour gradually spreads 
throughout the sample and is presumably due to the formation of tin(Iv); certainly all yellowish 
samples of the sulphate, prepared by precipitation methods, contained up to 2% of quadrivalent 


TABLE 1. Solubility of tin(11) sulphate. 
Solubility (g./100 ml. of solution) at 
Solvent “ 20° 30° 50° 60° 100° 
35-2 33-4 30-0 28-2 22-0 
n-Sulphuric acid 2. 22-6 20-6 19-0 13-2 
Glacial acetic acid S 0-0011 0-0013 n.d. n.d. 


Methylated spirit : 0-0017 0-0017 n.d. - 
n-Sodium hydroxide * ; 2-29 2-52 2-62 n.d. 


* Maximum concn. of stannite expressed as g. of SnSO,. n.d. = not determined. 





tin. Pure tin(11) sulphate has been stored out of direct sunlight for 20 months in stoppered 
colourless Pyrex glass, brown glass, and polythene, and so far shows no signs of yellowing or of 
analytical presence of tin(rv). 

The thermal decomposition of tin(11) sulphate above 360° in an atmosphere of oxygen-free 
nitrogen was followed by means of a silica spring balance.*® Complete decomposition into 
tin(Iv) oxide and sulphur dioxide occurred at 378° and there was little decomposition below this 
temperature. 

- Further proof of the stoicheiometry of the decomposition was obtained by igniting the solid 
decomposition product at 700° in the presence of oxygen. Since tin(1v) oxide is the only tin 
compound which is unchanged on ignition under these conditions, any impurity in the decom- 
position product would result in an alteration in weight. However, when six samples of the 
decomposition product (0-1232—0-1443 g.) were ignited the maximum weight difference was 
0:33%. 

The thermal decomposition of tin(1) sulphate is an example of the internal oxidation— 
reduction reactions undergone by oxygen-containing tin(11) compounds to give the very stable 
tin(1v) oxide. , 

Crystallography.—Tin(11) sulphate consists of snow-white acicular crystals which show 


7 Donaldson and Moser, A nalyst, 1959, 84, 10. 
* Buttler, Ph.D. Thesis Aberdeen, 1958, p. 30. 
* Buckle, J. Phys. Chem., 1959, 68, 1231. 
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parallel extinction and have n >1-74, positive elongation, and high birefringence. X-Ray 
data show that the crystals are orthorhombic with needle axis c and cleavage (010). 

Crystal data: SnSO,, M = 214-8. Orthorhombic a = 8-81 + 0-02, b= 7:17 + 0-09 
c = 5-35 + 0-01 A, U = 337-9 A®. D,, = 4-21 + 0-01 g./c.c. (by suspension in a mutual solu. 
tion 1° of thallous formate and thallous malonate in water). Z = 4, D, = 4:22g./c.c. Filtered 
Cu-K, radiation; single-crystal rotation and Weissenberg photographs about all three axes, 

There were the following systematic absences of reflection: h00 absent for 4 odd, 0R0 absent 
for k odd, 0/0 absent for 7 odd, A0/ absent for h odd, and Ok/ absent for k + 1 odd. The space 
group is therefore Pnma (Dij, No. 62) or Pna2, (C2,, No. 33). No evidence of pyro- or piezo- 
electricity was found in tin(1) sulphate. 

Table 2 contains the X-ray diffraction powder data obtained by using 11-64 cm. cameras 
and a Philips X-ray diffractometer with filtered Cu-K, radiation. The spacings longer than 


TABLE 2. X-Ray diffraction powder data for tin(m) sulphate. 


Rel. Index of Calc. Rel. Rel. 
intensity refin. d spacing d (A) intensity d (A) intensity 
vw 110 5-50 2-06 vw 1-338 
mw 200 4-41 2-03 vw 1-316 
mw oll 4:27 1-95 mw 1-281 
vvw lll 3-99 1-91 w 1-266 
m 020 3°59 1-86 vw 1-249 
m 201 3-42 1-78 vvw 1-177 
vw 120 3-32 1-75 m 1-155 
211 3-08 1-73 1-130 
w 121 2-82 1-72 vw 1-100 
w 220 2-78 1-63 1-073 
002 2-68 1-61 1-040 
221 2-47 1-475 1-021 
112 2-42 1-440 , 1-007 
mw 320 2-27 1-416 0-990 
202 2-24 1-406 0-974 
mw 031 2-16 1-382 ~ 0-965 
212 2-19 1-360 
vw 022 2-15 
m 131 2-12 


2:10 A have been indexed by comparison of single-crystal and powder photographs and by 
calculation from the unit-cell dimensions. The data agree with, and improve upon those, in 
the A.S.T.M. index." 


DISCUSSION 


The usual starting material for the preparation of tin compounds is tin(11) chloride 
dihydrate which is rapidly oxidised, in part, to tin(Iv) material on storage. Even new 
tin(1) chloride dihydrate of analytical-reagent grade was found to contain about 5% of 
tin(Itv), and materials prepared from it tend to be heavily contaminated with tin(rv) and 
with chloride. Tin(11) sulphate can, on the other hand, be prepared rapidly from pure and 
readily available materials and stored in a pure state; sulphate does not seem to contam- 
inate the products to the same extent as chloride does. Tin(1) sulphate has also been 
used successfully in the reduction of many organic and inorganic materials.” 

The use of tin(11) sulphate as a general reagent is limited by its insolubility in common 
organic solvents, but its solubility in water is considerably greater than was reported 
previously. 

The unit-cell dimensions, crystal data, and X-ray diffraction powder pattern of tin(m) 
sulphate closely resemble those of the isomorphous sulphates 8 of barium, strontium, and 
lead. A comparison of the ionic radii and unit-cell volumes of the four sulphates shows, 

% Clerici, Rend. Accad. Lincei, 1907, 16, 187; 1922, $1, 116. 

11 Hanawalt, Rinn, and Frevel, Ind. Eng. Chem. Analyt., 1938, 10, 457; A.S.T.M. index No. 1—0814. 


#2 Sinclair and Smith. personal communication. 
13 James and Wood, Proc. Roy, Soc., 1925, 109, 598. 
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however, that the unit-cell volume of tin(m) sulphate is much greater than would be 
expected for a structure identical with that of the other sulphates: 

Sulphate Ba Pb Sr Sn 

Unit-cell volume (A?) 342-1 315-0 306-5 337-9 

Ionic radius (A) 1-35 1-21 1-13 0-92 
Tin(11) sulphate is, therefore, unlikely to be isomorphous with these three sulphates, and, 
in fact, structure-factor calculations based on the barium sulphate structure ™ confirm the 
view that tin(11) sulphate does not have the same structure. Work in progress indicates 
that tin(11) sulphate has the space group Pna2,, and not the alternative Puma. 


One of us (J. D. D.) is grateful to D.S.I.R. for a research grant. 


UNIVERSITY OF ABERDEEN, CHEMISTRY DEPARTMENT, 
OLp ABERDEEN. (Received, April 5th, 1960.] 





790. The Synthesis of 4,5-Bistrifluoromethylbenzimidazole. 


By J. FERNANDEZ-BoLANos, W. G. OVEREND, A. SYKES, 
J. C. Tatitow, and E. H. WIsEMAN. 


The synthesis from o-xylene of 4,5-bistrifluoromethylbenzimidazole is 
described. New compounds derived from 1,2-bistrifluoromethylbenzene 
have been obtained as intermediates and their structures have been estab- 
lished. Preliminary results indicate that the benzimidazole has appreciable 
bacteriostatic activity against certain organisms. 


RECENT publications from our laboratories have described syntheses +“ and structural 
studies * of substituted benzimidazoles, which were prepared for biological study. A 
number of fluorine-containing benzimidazoles have been reported by us}*4 and other 
workers,”® and we found that 4- and 5-trifluoromethylbenzimidazole have growth- 
inhibitory power against micro-organisms.*® Consequently, with the object of preparing 
metabolite-inhibitors of vitamin B,, as potential chemotherapeutic agents, we attempted 
to synthesise 5,6-bistrifluoromethylbenzimidazole. In the event the 4,5-isomer was 


obtained. 
H 
CF; N 
RC. 
H.N CF; Nn CF a 
R 


CF; 
(I) (IIT) (IV) 


An obvious starting point for the synthesis is 1,2-bistrifluoromethylbenzene (I; 
A= B= CF,, C= D = H), but little is known about its derivatives. So far as we are 
aware, there are in the literature reports from only two groups of workers on 1,2-bistri- 
fluoromethylbenzene or its derivatives. In the first, described in a German patent, 


1 Sykes and Tatlow, J., 1952, 4078. 

2 Belcher, Sykes, and Tatlow, /J., 1954, 4159. 

* Cleaver, Foster, and Overend, J., 1957, 3961. 

* Cleaver, Foster, and Overend, /., 1959, 409. 

5 Cleaver, Foster, Hedgley, and Overend, J., 1959, 2578. 

* Ferrier and Overend, J., 1959, 3638. 
2 — and Steinle, J. Amer. Chem. Soc., 1953, '75, 1292; Fisher and Joullié, J. Org. Chem., 1958, 

§ Lane, Chem. and Ind., 1953, 798; J., 1955, 534; Lane and Williams, ibid., 1956, 569. 

* Hughes, unpublished observations; Jones, unpublished observations in the Birmingham 
laboratories 

1° Scherer, Schumacher, and Muller, G.P. 668,033 (Chem. Abs., 1939, 38, 2149); B.P. 465,885, 
466,007 (Chem. Abs., 1937, 31, 7667). 
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o-dichloromethylbenzotrichloride (I; A = CHCl,, B = CCl, C = D = H) with anhydroys 
hydrogen fluoride gave o-difluoromethylbenzotrifluoride which was chlorinated to the 
chloropentafluoride, and then a second fluorination stage by exchange gave the hexa. 
fluoride (I; A= B=CF;,C=D=H). No reactions of this compound were reported, 
This multi-stage synthesis was necessary since the size of the chlorine atoms prevents the 
introduction of more than five into the side chains of o-xylene. This rather laborioys 
synthesis, necessary only for the series derived from o-xylene, undoubtedly explains why 
1,2-bistrifluoromethylbenzene has received less attention than the 1,3- and the 1,4-isomer, 
McBee and his co-workers “ later described the bromination of compound (I; A = B= 
CF,, C = D = H) to its 4-bromo-derivative , and its conversion via a Grignard reaction 
into a bistrifluoromethylstyrene. 4-Chloro-1,2-bistrifluoromethylbenzene was mentioned 
also.* During our work more derivatives of compound (I; A = B = CF;, C= D=) 
have been synthesised. 

We prepared 1,2-bistrifluoromethylbenzene (I; A = B=CF;, C= D=H) from 
o-xylene via compounds (I; A =CHCl,, B=CCl, C=D=H), (I; A=CHG, 
B = CF;, C= D = H), and (I; A= CCl, B = CF;, C= D = H) since no method is 
known for the controlled direct replacement by fluorine of only the side-chain hydrogen 
atoms of an aromatic compound. Side-chain chlorination, followed by the exchange of 
fluorine for chlorine, remains the only practicable process * for the production of compounds 
of this type. In an earlier investigation in the Birmingham laboratories ™ the fluorination 
of o-dichloromethylbenzotrichloride* (I; A = CHCl, B=CCl, C=D=H) with 
anhydrous hydrogen fluoride under conditions which gave o-dichloromethylbenzotri- 
fluoride (I; A = CHCl,, B = CF,, C = D = H) as the exclusive product was examined. 
A difference in reactivity towards hydrogen fluoride of a dichloro- and trichloro-methyl 
side chain is to be expected, but the clear-cut distinction between the two is rather 
surprising, particularly as the German workers ! obtained only the pentafluoride from 
their fluorinations. ze 

o-Dichloromethylbenzotrifluoride (I; A=CHCl, B=CF,, C=D=H) was 
chlorinated further in the side chain, though with some difficulty, by elementary chlorine 
under ultraviolet irradiation, the reaction being followed by vapour-phase chromatography. 
The major product was o-trichloromethylbenzotrifluoride (I; A= CCl, B= CF, 
C =D =H), but carbon tetrachloride and o-chlorobenzotrifluoride were also obtained, 
showing that chlorinolysis of the chlorinated side chain had occurred to some extent. 
This effect has been observed before ! in exhaustive side-chain chlorinations under drastic 
conditions, particularly when appreciable crowding would result if full chlorination were 
achieved. Replacement of only three chlorine atoms in compound (I; A = CHCl, 
B = CCl,, C= D =H) by fluorine reduces sufficiently the interactions between the 
adjacent halogenated groups to permit the remaining hydrogen atom in the side chains to 
be replaced, but there must be some crowding in a compound with CCl, and CF, functions 
on adjacent carbon atoms of a benzene ring. 

The constitution of the trichloro-trifluoro-compound (I; A = CCl,, B = CF,,C = D= 
H) was demonstrated by hydrolysis of the side-chain halogeno-residues with sulphuric acid, 
a useful method for structural determinations on compounds of this type. According 
to the conditions either the known '* 0-trifluoromethylbenzoic acid or phthalic acid is 
produced. Anhydrous hydrogen fluoride readily converted compound (I; A = CCl, 


* Alternatives may be based on the recent discovery of the conversion of CO,H into CF, by sulphur 
tetrafluoride (Smith e¢ al., J. Amer. Chem. Soc., 1959, 81, 3165). 

11 McBee, Sanford, and Graham, J]. Amer. Chem. Soc., 1950, 72, 1651; McBee and Sanford, ibid., 
p. 4053. 

12 McBee and Frederick, U.S.P. 2,601,310 (Chem. Abs., 1953, 47, 1734). 

18 Belcher, Sykes, and Tatlow, Analyt. Chim. Acta, 1954, 10, 34. 

14 Harvey, Smith, Stacey, and Tatlow, J. Appl. Chem., 1954, 4, 319. 

18 Le Fave, J. Amer. Chem. Soc., 1949, 71, 4148. 

16 Jones, J. Amer. Chem. Soc., 1947, 69, 2346. 
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B = CF;, C = D = H) into 1,2-bistrifluoromethylbenzene (I; A = B = CF;, C=D= 
H) in good yield. Nitration of this substance (I; A = B = CF,, C= D =H) gave a 
liquid mixture of two products, which was reduced and acetylated. The mixed N-acetyl 
amines could not be separated satisfactorily in reasonable amounts by crystallisation 
techniques, but two pure derivatives were isolated in much improved yield after chromato- 
graphy on alumina. Later, sufficient of the mixed nitro-compounds was made to permit 
fractional distillation at reduced pressure: two pure low-melting compounds were isolated, 
each as a solid. The more volatile was shown to be 4-nitro-1,2-bistrifluoromethylbenzene 
(Il; A=B=CF, C=H, D= NO,) by hydrolysis to 4-nitrophthalic acid. The other 
was converted similarly into 3-nitrophthalic acid and so was 3-nitro-1,2-bistrifluoromethyl- 
benzene. From the amounts obtained it appeared that the nitration gave about 2 parts 
of the 4-nitro-derivative (I; A = B = CF,, C= H, D = NO,) to 1 part of the 3-isomer. 
Each compound was reduced by hydrogen in the presence of Raney nickel to the amine, 
and both amines readily underwent N-acetylation and N-trifluoroacetylation, the former 
products being identical with the derivatives obtained from the chromatographic separation 
referred to previously. 

3,4-Bistrifluoromethylacetanilide (I; A = B = CF,, C = H, D = NHAc) was nitrated 
with a mixture of acetic anhydride and nitric acid, a reagent known to favour ortho- 
substitution and used 118 to produce o-nitro-amines in the benzotrifluoride series. 
Nitration occurred but the primary product could not be purified and so the crude mixture 
was treated with hot dilute aqueous alkali to remove the acetyl residue. The free nitro- 
amine was then isolated by steam-distillation, but only in poor yield (ca. 16%). Fluoride 
ions were detected in the mother-liquors from the alkaline hydrolysis. This result was 
not unexpected, since Jones ?* has shown that #-hydroxy- and p-amino-benzotrifluoride 
have fairly reactive trifluoromethyl groups which lose fluorine very much more readily 
than do the better-known meta-isomers. It was hoped that the presence of adjacent 
trifluoromethyl and nitro-groups in our derivative would stabilise the trifluoromethyl 
substituent located para to the amino-function, and this did seem to occur to some extent. 
However, it appeared to be impossible to remove the N-acetyl group from the primary 
nitration product without causing fairly extensive loss of fluorine. Despite various 
modifications of the isolation procedure, including attempted hydrolysis with aqueous 
acid, no significant improvement in the yield could be obtained. Accordingly the N-tri- 
fluoroacetyl derivative (I; A = B= CF,, C= H, D = NH:CO-CF,) was prepared and 
its nitration studied. It is known )° that N-trifluoroacetyl groups can be removed very 
easily with quite dilute alkali. Nitration of the trifluoroacetate (I; A — B = CF;, 
C = H, D = NH:CO-CF;) was carried out first with acetic anhydride-nitric acid as before, 
and, as expected, the isolation of the nitro-amine was less difficult and improved yields 
30%) were obtained. Even better results were obtained when the nitration was carried 
out with trifluoroacetic anhydride-nitric acid,*4 a rather more reactive nitrating system. 
The same product was obtained in yields of about 50% and further investigation would 
probably give even better recoveries. This affords another example of the usefulness of 
the trifluoroacety] residue as a protecting group in organic synthesis. 

In contrast to the results obtained with the acylated derivatives of 3,4-bistrifluoro- 
methylaniline when N-acetyl- and N-trifluoroacetyl-2,3-bistrifluoromethylaniline (II; 
R = Ac or CF,°CO) weré treated under comparable conditions with acetic anhydride- 
nitric acid, or with trifluoroacetic anhydride-nitric acid, no nitration products could be 
detected. The acyl compound (or the parent amine if a hydrolysis stage had been 
included) was recovered. 


” Rouche, Bull. Acad. roy. Belg. Classe Sci., 1927, 18, 346. 
® Pouterman and Girardet, Helv. Chim. Acta, 1947, 30, 107. 
Bourne, Henry, Tatlow, and Tatlow, J., 1952, 4014. 
* Schallenberg and Calvin, J. Amer. Chem. Soc., 1955, '77, 2779. 
a ~— Stacey, Tatlow, and Tedder, J., 1952, 1695. 
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It was hoped that the final product from the nitration of an N-acyl-3,4-bistriffuogo. 
methylaniline (I; A = B = CF;, C= H, D = NHAc and NH-CO°CF;) would be 2-nitro. 
4,5-bistrifluoromethylaniline (I; A = B=CF,, C= NO,, D=NH,) which could fy 
converted via the diamine (I; A = B = CF;, C= D = NH,) into the required 5,6-bistyi. 
fluoromethylbenzimidazole. However, it was found to be 2-nitro-3,4-bistrifluorcmethy). 
aniline (III; R= NO,). The structure was established by diazotisation and elimination 
of the diazonium group with ethanol and cuprous oxide, as recommended by Hodgson and 
Turner. Attempts at deamination by diazotisation and reduction with hypophosphorous 
acid were not successful. The product of deamination was hydrogenated and the amine 
so obtained was characterised as its acetate (II; R = Ac) and trifluoroacetyl derivative 
(II; R = CF,-CO). It was found that the amine was 2,3-bistrifluoromethylaniline (II; 
R = H) since these derivatives were identical with the specimens prepared directly from 
2,3-bistrifluoromethylaniline (obtained from 1,2-bistrifluoromethylbenzene by nitration 
and reduction as described previously) whose structure had been established. Conse. 
quently, although from a steric viewpoint there might appear to be more hindrance to 
nitration at the 2-position in 3,4-bistrifluoromethylaniline than in the 6-position, this jg 
not important in practice. In the nitration 4* of 3-acetamidobenzotrifluoride the 2- and 
the 4-nitro-product are formed in comparable quantities. If it is assumed that the trifluoro- 
methyl group can deactivate a benzene nucleus by a hyperconjugative as well as an induc- 
tive effect, then the nitration of N-acyl-3,4-bistrifluoromethylanilines exclusively at position 
2, and the low reactivity of the 2,3-bistrifluoromethyl isomers, can be accounted for by an 
extension of Ingold’s explanation * of similar effects in other series. 

Hydrogenation of the nitro-amine (III; R= NO,) afforded 3,4-bistrifluoromethyl- 
1,2-phenylenediamine (III; R = NH,), which was readily converted into 4,5-bistrifluoro- 
methylbenzimidazole (IV; R = H) by formic acid and concentrated hydrochloric acid. 
Substitution of glacial acetic acid for formic acid resulted in the production of 2-methyl- 
4,5-bistrifluoromethylbenzimidazole (IV; R= Me), and trifluoroacetic acid afforded 
2,4,5-tristrifluoromethylbenzimidazole (IV; R = CF,). 

Heating 3,4-bistrifluoromethyl-o-phenylenediamine with benzil in methanol yielded 2,3- 
diphenyl-5,6-bistrifluoromethylquinoxaline, thereby confirming the structure of the diamine 
(III; R = NH,). 

Preliminary results obtained by our colleague Dr. A. S. Jones indicate that 4,5-bistri- 
fluoromethylbenzimidazole has appreciable activity against certain organisms. 


EXPERIMENTAL 


o-Dichloromethylbenzotrichloride.—o-Xylene was chlorinated as described previously ™ to 
give, after one recrystallisation from aqueous ethanol, o-dichloromethylbenzotrichloride ™ 
(77%), m. p. 50—51° (Belcher et al.48 give m. p. 50°). In general, yields of 90—95%, of non- 
recrystallised material, m. p. 46—49°, were obtained. 

o-Dichloromethylbenzotrifluoride.—o-Dichloromethylbenzotrichloride (428-6 g.) and anhydrous 
hydrogen fluoride (160 c.c.) were heated in a rocking autoclave (1 1.) during 2-5 hr. to 95° 
(pressure then 75 atm.), and after being kept for 1-25 hr. at 95—-105° were cooled during 2:5 hr. 
to 60° (52 atm.) and then rapidly to 25° (40 atm.). The hydrogen chloride and excess of 
hydrogen fluoride were allowed to escape and the product was poured into ice-water (500 c.c.). 
The aqueous mixture was treated as before,!* to yield o-dichloromethylbenzotrifluoride (295 g.), 
b. p. 188—190°, n,** 14767 (Found: F, 24-8. Calc. for C,H,Cl,F,: F, 249%). Belcher 
et al.¥8 give b. p. 187—189°, and ,”” 1-4790. 

Chlorination of 0-Dichloromethylbenzotrifluoride.—o-Dichloromethylbenzotrifluoride (551-1 g.) 
was irradiated at 90—110° in a quartz flask with ultraviolet light while chlorine was bubbled 
through it slowly. The reaction was controlled by analytical vapour-phase chromatography 
[Perkin-Elmer Co. (Bodenseewerk) Fraktometer, packing “‘ C,”’ column length 1 m., 180°, nitrogen 
flow setting 3-0], and chlorination was terminated after 18 hr. Excess of chlorine was swept out 


22 Hodgson and Turner, J., 1942, 748. 
23 Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” Bell, London, 1953, p. 268. 
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with nitrogen, and the crude product was distilled through a glass vacuum-jacketed Vigreux 
column (1 ft.) to give fractions: (i) 10-6 g., b. p. 70—150°; (ii) o-chlorobenzotrifluoride (92-9 g.), 
b. p. 154—157°, n,'* 1-4558 (cited values, b. p. 152-8°, m,** 1-4544) [this material gave a single 
peak when analysed by gas chromatography (conditions as before)]; (iii) 51-2 g., b. p. 160— 
189°; (iv) o-dichloromethylbenzotrifluoride (62-1 g.), b. p. 189—193°, m,™ 1-4781; (v) 122-4 g., 
b. p. 195—229°; and (vi) o-trichloromethylbenzotrifluoride (275-4 g.), b. p. 230—232°, m,'* 
5082. 

ans another experiment, o-dichloromethylbenzotrifluoride (207-9 g.) and the intermediate 
fraction, b. p. 195—229° (53-7 g.), from an earlier run were chlorinated under the above 
conditions for 10 hr. at 100—110°. Distillation of the product through a column (6 in.) 
afforded fractions: (i) carbon tetrachloride (9-9 g.), b. p. 77°, m,® 1-4600; (ii) 6-2 g., b.p. 
77-5—151°; (iii) o-chlorobenzotrifluoride (21-7 g.), b. p. 151-5—152-5°, n,'** 1-4562 (Found: 
C, 46-1; H, 2:2; F, 31-9. Calc. for C,H,CIF,: C, 46-6; H, 2:2; F, 31-6%) (Booth et al.** report 
b. p. 152-8°, m,,** 1-4544 for this substance) ; (iv) 19-6 g., b. p. 153—188-5°; (v) o-dichloromethyl- 
benzotrifluoride (21-7 g.), b. p. 189—194°, m,?"* 1-4790; (vi) 40-5 g., b. p. 195—229°; and 
(vii) o-trichloromethylbenzotrifluoride (127-5 g.), b. p. 229—230°, ,*° 15090 (Found: C, 36-5; 
H, 1-5; F, 21-7. C,H,Cl,F, requires C, 36-5; H, 1-5; F, 21-6%). The total overall yield of 
the trichloride was ca. 44%. 

Hydrolysis of 0-Trichloromethylbenzotrifiuoride.—(i) The trichloro-compound (3-3 g.) was 
heated at 130—145° for 1-5 hr. with concentrated sulphuric acid (6 c.c.) and water (3c.c.). The 
precipitate formed when the mixture was poured into water (10 c.c.) was collected and dried. 
Recrystallisation from water gave o-trifluoromethylbenzoic acid (1-6 g.), m. p. 108—109° 
(Found: C, 50-7; H, 2-7; F, 29-9. Calc. for C,H,O,F,: C, 50-5; H, 2-6; F, 30-0%), for which 
m. p. 107-5° has been reported."* 

(ii) When the trichloro-derivative (2:3 g.) was heated at 150—160° for 15 min. with 
concentrated sulphuric acid (8 c.c.) and water (4 c.c.) the product was o-phthalic acid (0-8 g.), 
m. p. and mixed m. p. 196°. 

1,2-Bistrifluoromethylbenzene.—o-Trichloromethylbenzotrifluoride (197 g.) and anhydrous 
hydrogen fluoride (110 c.c.) were heated together in a rocking autoclave (1 1.) for 3 hr. during 
which a temperature of 115° was reached. After 2 hr. at 115—120° and slow cooling to 30° the 
hydrogen chloride and excess of hydrogen fluoride were released and the product was poured 
into ice-water (1 1.). The mixture was neutralised with sodium hydroxide and steam-distilled. 
The distillate was extracted with ether, and the extract was dried (MgSO,) and distilled to 
afford 1,2-bistrifluoromethylbenzene (132-7 g.), b. p. 141—142°, m,™ 1-3942 (Found: C, 44-8; 
H, 1-7; F, 53-2. Calc. for C,H,F,: C, 44:9; H, 1-9; F, 53-2%). Scherer e¢ al.!° give b. p. 
140—142°. 

Nitration of 1,2-Bistrifluoromethylbenzene.—1,2-Bistrifluoromethylbenzene (50-0 g.) was 
added slowly to fuming nitric acid (275 g.; d 1-5) and concentrated sulphuric acid (450 g., 
d 1-84), and the mixture was heated at 100° for 4-5 hr. under two reflux condensers (one cooled 
by water and the other by solid carbon dioxide-ethanol). The product was poured on ice 
(1-5 kg.), and the aqueous phase was extracted with ether. The extract was washed successively 
with water (thrice), saturated sodium carbonate solution (thrice), and again with water (thrice) 
and dried (MgSO,). Concentration of the ethereal solution and distillation of the residue gave 
a mixture of 3- and 4-nitro-1,2-bistrifluoromethylbenzene (36-7 g.), b. p. 206—226° (Found: 
C, 37-1; H, 1-0; F, 43-9. Calc. for C,H,O,NF,: C, 37-1; H, 1:2; F, 440%). 

The mixed nitro-compounds (137-5 g.) from several nitration experiments were distilled 
under diminished pressure [column 1 ft. long packed with Dixon gauzes (#”" x 4”); the 
pressure was controlled by means of a Model 6 Cartesian Manostat (W. Edwards and Co., Ltd.)]. 
The distillation was controlled by analytical gas chromatography [Perkin-Elmer Co. (Bodensee- 
werk) Fraktometer, packing “‘ C,’’ 1 m., 190°, nitrogen flow setting 5-0]. Fractionation yielded: 
(i) 4-nitvo-1,2-bistrifluoromethylbenzene (56-6 g.), b. p. 98-5—99-5°/20 mm., m. p. 23—25°, n,,** 
1-4322, n,,** 1-4382 (Found: C, 37-3; H, 1-3; F, 43-9%); (ii) an intermediate fraction (20-5 g.), 
b. p. 100—105-5°/20 mm.; and (iii) 3-nitro-1,2-bistrifluoromethylbenzene (41-8 g.), b. p. 105-5— 
106-5°/20 mm., m. p. 27—29°, #,,* 1-4293, n,** 1-4361 (Found: C, 36-7; H, 1-4; F, 437%). At 
atmospheric pressure the 4-isomer had b. p. 208—209° and the 3-isomer had b. p. 223-5—225°. 

4-Nitrophthalic Acid from 4-Nitro-1,2-bistrifluoromethylbenzene.—The nitro-compound (1-2 g.) 
was stirred with concentrated sulphuric acid (3 c.c.) at 195—205° for 1-75 hr. The solution was 

* Booth, Elsey, and Burchfield, J. Amer. Chem. Soc., 1935, 57, 2066. 
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poured into water (5 c.c.), and the precipitate was collected and recrystallised from water to 
give a product (0-75 g.) with m. p. 148—152° undepressed on admixture with 4-nitrophthalic 
acid. This product (0-55 g.) was heated with acetic anhydride (0-6 g.) for 3 min. and then 
evaporation under diminished pressure afforded a solid. Recrystallisation from chloroform 
light petroleum (b. p. 40—60°) yielded 4-nitrophthalic anhydride (0-37 g.), m. p. 117—119° 
undepressed on admixture with a specimen prepared * from authentic 4-nitrophthalic acid,» 
but depressed on admixture with 3-nitrophthalic anhydride similarly prepared from authentic 
3-nitrophthalic acid. 

3-Nitrophthalic Acid from 3-Nitro-1,2-bistrifluoromethylbenzene.—3-Nitro-1,2-bistrifiuoro- 
methylbenzene (6-0 g.) and fuming sulphuric acid (24 c.c.; 20% of SO;) were heated at 109° 
for 4 hr. and then at 150° for a further hour. After cooling, the mixture was poured slowly 
into water (25 c.c.). The solid which separated was filtered off, dissolved in ether, and treated 
with charcoal. Evaporation of the solution and recrystallisation of the residue from water gave 
3-nitrophthalic acid (0-96 g.), m. p. 214—216°. The m. p. was undepressed when the compound 
was mixed with authentic 3-nitrophthalic acid,**?* but was depressed when authentic 4-nitro- 
phthalic acid was substituted in the mixture. The infrared spectrum of the sample was that 
of 3-nitrophthalic acid. 

3,4-Bistrifiuoromethylaniline.—The 4-nitro-compound (5-4 g.), ethanol (80 c.c.), and Raney 
nickel (ca 1 g.) were shaken together in hydrogen in a low-pressure hydrogenator. When the 
uptake of hydrogen ceased the solution was filtered and concentrated under reduced pressure to 
leave a liquid which was distilled to give 3,4-bistrifluoromethylaniline (1-45 g.), b. p. 74°/0-9 mm. 
(Found: C, 42-3; H, 2-3. C,H,NF, requires C, 41-9; H, 2-2%). 

The amine (0-75 g.) was treated in dry ether (5 c.c.) with trifluoroacetic anhydride (1 c.c.), 
After 16 hr. at 15° the solution was evaporated under diminished pressure and the residue was 
treated twice with carbon tetrachloride which was evaporated under diminished pressure. The 
solid product, recrystallised from light petroleum (b. p. 60—80°), gave N-trifluoroacetyl-3,4- 
bistrifluoromethylaniline (0-79 g.), m. p. 62—63° (Found: ,C, 36-9; H, 1-2. C,sH,ONF, requires 
C, 36-9; H, 1-2%). 

The nitro-compound (8-35 g.) was reduced as described above and the residue remaining 
after distilling off the alcohol was taken up in dry ether. The solution was dried (MgSO,), 
filtered, and treated with trifluoroacetic anhydride (8-25 g.). After 3 hr. the solution was 
treated as described previously and the solid recrystallised, to yield the same trifluoroacet- 
anilide (7-25 g.), m. p. and mixed m. p. 62—63°. 

The nitro-compound (1-81 g.) was reduced as before and the product was acetylated [acetic 
acid (2 c.c.) and acetic anhydride (2 c.c.)] at 100° for 30 min. 3,4-Bistrifluoromethylacetanilide 
(1-51 g.) was obtained, having m. p. 105—106-5° (from aqueous ethanol or carbon tetrachloride) 
(Found: C, 44-2; H, 2-5. C,H,ONF, requires C, 44-3; H, 26%). 

2,3-Bistrifluoromethylaniline.—The 3-nitro-compound (13-0 g.) in ethanol (35 c.c.) was 
reduced at room temperature and atmospheric pressure with hydrogen in the presence of Raney 
nickel (ca. 0-5 g.). The solution was boiled with charcoal, filtered, and evaporated to dryness to 
leave a solid product (10-8 g.). A sample was distilled at 15 mm. to give 2,3-bistrifluoromethyl- 
aniline, m. p. 30—32° (Found: C, 42-1; H, 2:2%). The amine (5-0 g.) was trifluoroacetylated 
and the product recrystallised from light petroleum (b. p. 60—80°); this (6-4 g.) had m. p. 
115—117° (Found: C, 36-7; H, 1-3%). Similarly 2,3-bistrifluoromethylacetanilide was prepared; 
recrystallised from aqueous ethanol, it had m. p. 160—162° (Found: C, 44-6; H, 2-4; F, 41-7. 
C,9H,ONF, requires C, 44:3; H, 2-6; F, 42-0%). 

Separation of Mixed Acetamido-compounds by (i) Chromatography and (ii) Fractional 
Crystallisation.—(i) The mixed nitro-compounds from the nitration of 1,2-bistrifluoromethyl- 
benzene were reduced and acetylated as described above for the 4-nitro-isomer. The mixed 
acetamido-derivatives in carbon tetrachloride were passed through a column of aluminium oxide 
which had been previously neutralised by warming it with ethyl formate in light petroleum 
(b. p. 60—80°) for about 0-5 hr. The 3-isomer was eluted first with carbon tetrachloride. 
After evaporation the residue recrystallised from either aqueous ethanol or carbon tetrachloride 
and had m. p. (alone or in admixture with an authentic sample) 158—160° (Found: C, 44-4; 
H, 30%). The 4-isomer was then eluted, isolated, and recrystallised from either of the above 
solvents; it had m. p. and mixed m. p. 106—107° (Found: C, 44-7; H, 2-6%). Overall, 


25 Cohen, Woodroffe, and Anderson, J., 1916, 109, 222. 
*6 Crossley and Renouf, /J., 1909, 95, 208. . 
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recoveries based on the original mixed nitro-compounds were about 35% of the 4-isomer and 
about 20% of the 3-isomer. 

(ii) Repeated fractional crystallisation from carbon tetrachloride of the acetamido- 
derivatives obtained from the mixed nitro-compounds (2-1 g.) afforded two products, m. p. 
107—108° and 154—156° (0-01 g. and 0-02 g. respectively). 

Nitration of 3,4-Bistrifluoromethylacetantlide——The acetanilide (1-5 g.; m. p. 106°) was 
added slowly to a stirred mixture of acetic anhydride (1-5 c.c.) and fuming nitric acid (1-5 c.c.; 
d 1-5) which was maintained at 0—10°. The solution was stirred continuously, while the 
temperature increased during 1-5 hr. to 10—15°. After a further 16 hr. the solution was poured 
into water (50 c.c.), and the aqueous solution was decanted from the oily product. After 
addition to the latter of 2N-sodium hydroxide (30 c.c.) the mixture was steam-distilled. The 
distillate was extracted with ether, and the extract was dried (MgSO,) and concentrated. The 
residue recrystallised from carbon tetrachloride, to yield 2-nitvo-3,4-bistrifluoromethylaniline 
(0-25 g.), m. p. 88—89° (Found: C, 35-0; H, 1-6; F, 41-6. C,H,O,N,F, requires C, 35-0; 
H, 1-5; F, 41-6%). 

A part of the alkaline solution remaining after the hydrolysis and steam-distillation was 
acidified with glacial acetic acid and treated with cerous nitrate solution. A copious precipitate 
of cerous fluoride indicated that appreciable hydrolysis of the trifluoromethyl groups had 
occurred. 

In attempts to increase the yield in this reaction the nitration product was hydrolysed with 
2n-sulphuric acid but no tractable product was obtained. The nitro-amine was not very 
volatile in steam, but attempts to isolate it by other methods after the hydrolysis with alkali 
failed because it could not be separated from a dark material formed simultaneously. When 
the solution was neutralised immediately before the steam-distillation no significant improve- 
ment in yield resulted. i 

Nitration of N-Trifiuoroacetyl-3,4-bistrifluoromethylaniline.—(i) The trifluoroacetyl com- 
pound (1-6 g.; m. p. 62°) was added slowly to a stirred mixture of fuming nitric acid (2-0 c.c.) 
and trifluoroacetic anhydride (2 c.c.) at O—5°. The solution was stirred for 2 hr. (temperature 
increased to 10—15°) and after a further 16 hr. at 10—15° was poured into water (50 c.c.). 
The gummy solid which separated was filtered off and added to 0-5N-sodium hydroxide (40 c.c.), 
and the mixture was steam-distilled. The distillate was extracted with ether, and concen- 
tration of the dried (MgSO,) extract and recrystallisation of the residue from carbon tetra- 
chloride yielded 2-nitro-3,4-bistrifluoromethylaniline (0-24 g.), m. p. and mixed m. p. 88—89°. 

(ii) After nitration as described, the solid obtained when the mixture was poured into water was 
hydrolysed with 0-5Nn-sodium hydroxide (40 c.c.) at 100° for 0-5 hr. The solution was cooled, 
and the precipitate collected and recrystallised from carbon tetrachloride to give the nitro- 
amine (0-67 g.), m. p. 86-—88°. 

(iii) N-Trifluoroacetyl-3,4-bistrifluoromethylaniline (15-6 g.) was added slowly with stirring 
at 0° to a mixture of fuming nitric acid (20 c.c.) and trifluoroacetic anhydride (20c.c.). After 
2 hr. at 0°, stirring was continued for 17 hr. at 15° and then the mixture was poured into water 
(300 c.c.). After neutralisation with 4n-sodium hydroxide, additional sodium hydroxide (0-5n; 
200 c.c.) was added and the solution was boiled under reflux for 15 min. The cooled solution 
was neutralised with 4N-nitric acid, made just alkaline with sodium carbonate, and steam- 
distilled. The distillate was extracted continuously for 16 hr. with ether. The dried (MgSO,) 
ethereal solution was evaporated to a solid which recrystallised from chloroform to yield 
2-nitro-3,4-bistrifluoromethylaniline (7-7 g.), m. p. 87—88°. 

(iv) The trifluoroacetanilide (1-65 g.) was added slowly to a stirred mixture of acetic 
anhydride (2-5 c.c.) and fuming nitric acid (2-5 c.c.; d 1-5) which was maintained at 0—5°. 
The solution was stirred for 2 hr. (temperature allowed to rise to 10—15°) and then set aside 
for 16 hr. Working-up as described in (ii) above yielded 2-nitro-3,4-bistrifluoromethylaniline 
(0-37 g.), m. p. 88—89°. This product was darker than that obtained as in (ii) but two further 
recrystallisations removed the contaminants. 

Altempted Nitration of N-Acetyl- and N-Trifluoroacetyl-2,3-bistrifluoromethylaniline.—The 
derivatives were separately treated with acetic anhydride-fuming nitric acid, and with 
trifluoroacetic anhydride-fuming nitric acid under conditions similar to those used for the 
isomers. In no case was a nitro-amine obtained and the free amine or the appropriate acyl 
derivative was recovered. 

Deamination of 2-Nitro-3,4-bistrifluoromethylaniline—The nitro-amine (5-3 g.) in glacial 
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acetic acid (25 c.c.), cooled to 15°, was added slowly to a solution of sodium nitrite (2-0 g.) in 
concentrated sulphuric acid (12 c.c.): the mixture was kept below 20°. After 20 min. the 
mixture was poured slowly into a vigorously stirred suspension of cuprous oxide (5-7 g.) in 
ethanol (150 c.c.). The temperature rose rapidly to 60° and nitrogen was evolved. After 
17 hr. at 15° the mixture was poured into water (50 c.c.) and steam-distilled. Concentration 
of the dried ethereal extract of the distillate afforded a liquid which was reduced in ethano] 
(150 c.c.) with hydrogen (uptake ca. 450 c.c.) and Raney nickel (ca. 2-0 g.). Evaporation 
under diminished pressure of the filtered solution gave a residue which was divided into two 
equal portions. One portion was heated with glacial acetic acid (5 c.c.) and acetic anhydride 
(5 c.c.) at 100° for 0-5 hr. The mixture was poured into water, and the solid obtained was 
recrystallised from aqueous ethanol, to give 2,3-bistrifluoromethylacetanilide (0-7 g.), m. p, 
and mixed m. p. 160—162°. The other portion was trifluoroacetylated (5 c.c. of anhydride in 
15 c.c. of ether). After 15 hr. at 15° the solution was evaporated to dryness and the residue 
recrystallised from light petroleum (b. p. 60—80°) to afford N-trifluoroacetyl-2,3-bistrifluoro- 
methylaniline (0-9 g.), m. p. and mixed m. p. 116°. The infrared spectra of the derivatives 
were identical with those of authentic samples. 

3,4-Bistrifluoromethyl-o-phenylenediamine.—2-Nitro-3,4-bistrifluoromethylaniline (1-88 g.) in 
ethanol (20 c.c.) was reduced at 15° and atmospheric pressure with hydrogen and Raney nickel 
(ca. 0-2 g.). The resulting diamine (1-38 g.), recrystallised from benzene-light petroleum (pb. p. 
100—120°), had m. p. 64—65° (Found: C, 39-0; H, 2-3. CsH,N,F, requires C, 39-3; H, 2-5%). 

4,5-Bistrifluoromethylbenzimidazole.—The preceding diamine (0-3 g.), 90% formic acid 
(1 c.c.), and concentrated hydrochloric acid (3 drops) were kept at 100° for 3 hr. The solution 
was neutralised carefully with concentrated ammonia solution and the precipitate formed was 
collected and recrystallised from water. 4,5-Bistrifluoromethylbenzimidazole (0-21 g.) has m. p. 
189—190° (Found: C, 42-8; H, 1-7; F, 44:5. C,H,N,F, requires C, 42-5; H, 1-6; F, 44-9%), 
Amax, 2470, 2520, 2700, and 2800 A [e ~3500, 3600, 2560, and 1350 respectively; c 0-10 in 
ethanol—water (3: 7)]. It formed a picrate, m. p. 184—186° (from benzene) (Found: C, 37:6; 
H, 1-8. C,,H,O,N,F, requires C, 37:3; H, 1-5%). 

2-Methyl-4,5-bistrifluoromethylbenzimidazole.—The diamine (0-5 g.), acetic acid (2 c.c.), and 
concentrated hydrochloric acid (10 drops) were kept at 100° for 4 hr. Working-up as before 
yielded 2-methyl-4,5-bistrifluoromethylbenzimidazole (0-41 g.), m. p. 227—228° (from aqueous 
ethanol), Amex, 2520, 2550, 2710, and 2810 A [ce ~4200, 4400, 3250, and 2280 respectively; 
c 0-056 in ethanol—water (3: 7)] (Found: C, 44-4; H, 2-59. C,H,N,F, requires C, 44-8; H, 
2-2%) [picrate, m. p. 130—132° (from ethanol) (Found: C, 38-8; H, 2-3; F, 22-5. C,,H,O,N,F, 
requires C, 38-6; H, 1-8; F, 22-9%)]. 

2,4,5-Tristrifluoromethylbenzimidazole.—Trifluoroacetic acid (2 c.c.) was added to a mixture 
of the diamine (0-5 g.) and concentrated hydrochloric acid (10 drops). The mixture solidified 
almost immediately and was heated at 100° for 2 hr. 2,4,5-Tristrifluoromethylbenzimidazole 
(0-37 g.), m. p. 222—223°, Anax 2550, 2720, and 2810 A [e ~4400, 3570, and 2800 respectively; 
c 0-067 in ethanol—water (3: 7)] (Found: C, 37-6; H, 1-2. C,)H,N,F, requires C, 37-3; H, 
0-9%), was obtained by distillation at 180° (bath-temp.) on to a cold finger; it recrystallised 
from chloroform containing a trace of acetone but with low recovery. 

2,3 - Diphenyl - 5,6 - bistrifluoromethylquinoxaline.—3,4 - Bistrifluoromethy] - o - phenylene - 
diamine (0-24 g.) and benzil (0-21 g.) were heated under reflux in methanol (10 c.c.) for 1 hr. 
Removal of the solvent and recrystallisation of the residue from aqueous ethanol afforded 
2,3-diphenyl-5,6-bistrifluoromethylquinoxaline (0-20 g.), m. p. 124—126° (Found: C, 62:8; 
H, 2-9. C,,H,.N,F, requires C, 63-2; H, 2-9%). 


The authors thank Professor M. Stacey, F.R.S., for his interest and encouragement and the 
late Mr. A. H. Boud for valuable assistance with the chlorination and fluorination. One of 
them (J. F.-B.) is indebted to the Consejo Superior de Investigaciones Cientificas (Spain) for 
financial assistance. 
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791. Picrotoxin. Part VIII The Structures of «- and 
8-Picrotoxinones. 


By P. I. Burxkuitt and J. S. E. HoLker. 


An investigation into the chemistry of «- and $-picrotoxinones has led us 
to propose structures (II) and (V) respectively for these compounds. A 
relation has been established between 8-picrotoxinone and apopicrotoxinic 
dilactone (X). 


It has been shown previously that ozonolysis of picrotoxinin, C,;H,,O,, gives formaldehyde 
and a ketone, «-picrotoxinone, C,,H,,0,,”"** which is isomerised to $-picrotoxinone when 
heated to 195° under reduced pressure or on prolonged treatment with boiling water.* 

Despite the publication of much experimental work on «- and 8-picrotoxinones and 
their derivatives,2® the structures have never been defined. Since much of the published 
work is conflicting the problem has been re-investigated. 


4 


Absorption spectra of (A) a-picrotoxinone crystallised 
from warm methyl acetate and light petroleum (b. p. 
40—60°), (B) a-picrotoxinone crystallised twice 
from ethyl acetate and light petroleum (b. p. 
60—80°), and (C) B-picrotoxinone. 





i 





(e) 1 
200 240 280 320, 360 
Wavelength (mu) 


On the basis of the established structure %1 (I) for picrotoxinin, «-picrotoxinone 
should have structure (II). However, criticism of this type of structure has been made 
on the grounds that the ultraviolet absorption spectrum of «-picrotoxinone is not com- 
patible with that of a compound containing an isolated ketonic carbonyl group.* We find 
that, when carefully purified from warm methyl acetate and light petroleum (b. p. 40—60°), 
a-picrotoxinone has Amax. 275 my (log « 1-21) and gives a yellow 2,4-dinitrophenyl- 
hydrazone having Amax. 357 my (log e 4-33). Although these facts are entirely compatible 
with a structure containing an isolated ketonic carbonyl group, it should be noted that 
when «-picrotoxinone is crystallised from boiling ethyl acetate and light petroleum (b. p. 
60—80°) the ultraviolet absorption spectrum changes as shown in the Figure. This is 

' Part VII, Holker, Robertson, and Taylor, J., 1958, 2987. 

* Horrmann, Ber., 1916, 49, 1554. 

® Horrmann and Prillwitz, Arch. Pharm., 1920, 258, 200. 

* Mercer and Robertson, J., 1936, 288. 

5 Harland and Robertson, J., 1939, 937. 

® Slater, J., 1949, 806. 

? Johns, Slater, Woods, Brasch, and Gee, J., 1956, 4715. 

® Hathway, J., 1957, 4953. 


= Conroy, J. Amer. Chem. Soc., 1951, 7%, 1889. 
Conroy, J. Amer. Chem. Soc., 1957, 79, 1726. 
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undoubtedly due to isomerisation of «- to 6-picrotoxinone under the thermal conditions 
of the recrystallisation. Indeed, even our carefully purified samples of the «-isomer 
always show a shoulder at 222 my due to traces of the B-isomer. It seems reasonably 
certain that previous workers have measured the ultraviolet spectra of mixtures of the 
two isomers and therefore that their objections to structure (II) for «-picrotoxinone are 
invalid. This structure is supported by the infrared spectrum of «-picrotoxinone which 
shows bands at 3448 (tertiary OH), 1779 (y-lactone), and 1709 cm. (ketonic C=O), and 
by the fact that the compound gave a positive iodoform reaction.’ 

In our experience the published methods ? for the isomerisation of «- to 6-picrotoxinone 
were inconvenient and gave rather low yields. We found that the 8-isomer could be 
prepared in high yield by treating the «-isomer in methanol with a catalytic amount of 
sodium methoxide. 

The structure of 8-picrotoxinone followed from the properties of the compound and its 
reactions. Thus, the compound had Amax. 222 and 322 my (log « 3-90 and 1-56) and gave 
a semicarbazone * having Amax. 274 my (log ¢ 4-36). These spectra are typical of «$-un- 
saturated ketones and their semicarbazones respectively." «-Picrotoxinone gave the 
same semicarbazone, presumably owing to isomerisation occurring under the alkaline 
conditions of the preparation. The generation of an «$-unsaturated ketone system in the 
formation of @- from «-picrotoxinone (II) would be explicable in terms of dehydration of 
a 8-hydroxy-ketone derived by opening the y-lactone rirg bridging C;g) and C;,) in «-picro- 
toxinone. Further, since it was known from previous results ™1!* that the lactonic 
carbonyl-oxygen atom at position 15 in picrotoxinin derivatives is suitably placed for 
displacement of the 12-epoxide grouping, it seemed likely that 6-picrotoxinone had struc- 
ture (V), formed from «-picrotoxinone in the methoxide-catalysed isomerisation by the 
mechanism shown in (IIa). The infrared spectrum of -picrotoxinone had bands at 3528, 
3460 (OH), 1774 (y-lactone), 1743 (8-lactone), and 1667 cm. («$-unsaturated ketone) in 
agreement with structure (V). Further, the presence of at least two hydroxyl groups in 
8-picrotoxinone was indicated since the compound formed a monoacetate which had 









(I) R=H, X=ChH, 


(V) R=R’=H 
(Il) R=H, X=:0 (VI) R=H, R’= Ac 
(III) R=Ac, X= :CH, (VII) R=Ac, R'=H 


(IV) R*®Ac, X#:0 


hydroxyl absorption at 3510 cm.+. Ozonolysis of picrotoxinin acetate (III) gave 
«-picrotoxinone acetate (IV) which was readily isomerised by heat or by a trace of sodium 
methoxide to §-picrotoxinone acetate,* isomeric with the acetylation product from 
8-picrotoxinone. Since «-picrotoxinone acetate, unlike the two isomeric $-picrotoxinone 
acetates, did not show hydroxyl absorption in its infrared spectrum it is apparent that a 


* In previous work on the ozonolysis of picrotoxinin acetate both a- and B-picrotoxinone acetate 
were isolated directly from the reaction.* This was probably due to hitherto unrecognised partial 
isomerisation during the isolation procedure. 


11 Gillam and Stern, “ An Introduction to Electronic Absorption Spectroscopy in Organic 
Chemistry,” Arnold Ltd., London, 1954, pp. 91, 100. 
12 Holker, Holker, McGookin, Robertson, and Sargeant, J., 1957, 3746. 
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hydroxyl group is generated during the isomerisation reactions in agreement with the 
proposed mechanism. Thus, on the basis of structure (V) for 8-picrotoxinone, the 
acetylation product is formulated as (VI), and the isomeric acetate from «-picrotoxinone 
acetate (IV) as (VII). 

The observed K-band at 222 my in the ultraviolet absorption spectrum of §-picro- 
toxinone shows a considerable divergence from the usual figure of ca. 237 my for an 
af-disubstituted «$-unsaturated ketone.!* It is known, however, that an ester substituent 
allylic to the double bond of an «$-unsaturated ketone causes a hypsochromic shift of 
the K-band, but the effect is not as great as that encountered in this case. Thus a 6a- 
or 68-acetoxyl substituent in a 3-oxo-A*-steroid lowers the K-band by up to 6 my. In 
the case of $-picrotoxinone it seems likely that the allylic lactone bridge at Cy) would 
produce a similar shift and this, together with a further shift produced by the residual 
strain associated with the y-lactone ring, might account for the position of the K-band. 

The allylic nature of the y-lactone ring in $-picrotoxinone (V) has been demonstrated 
by hydrogenolysis of the compound to the monocarboxylic acid (VIII), characterised as its 
methyl ester (IX) and as the semicarbazone of the ester. The infrared spectra of the acid 
and its ester are in agreement with the proposed structures (see p. 4014). Moreover, the 
K-band at 233 my in the ultraviolet spectra of compounds (VIII) and (IX), which no 
longer contain the y-lactone substituent, is in good agreement with the predicted value of 
237 my, thus supporting the deductions concerning the K-band in §-picrotoxinone. 





(VIII) R=H (X) X =:CH, (XII) X = :CH, (XIV) 
(IX) R=Me (XI) X =:0 (XIII) X =:0 


Final proof of structure (V) for 6-picrotoxinone has been obtained as follows: Ozonolysis 
of apopicrotoxinic dilactone, of known structure (X),! gave a saturated nor-ketone, 
apopicrotoxinonic dilactone (XI), which was characterised as the semicarbazone. This 
nor-dilactone (XI) with acetic anhydride and pyridine gave the monoacetate of an 
«f-unsaturated ketone, identical with compound (VI) obtained by acetylation of 8-picro- 
toxinone. Since it would be expected that the 6-hydroxy-ketone system in (XI) would 
be dehydrated under the conditions of the acetylation, the formation of (VI) from (IX) 
establishes the structural relation between the §$-picrotoxinone and apopicrotoxinic 
dilactone series of compounds. 

It was shown previously that ozonolysis of picrotoxic acid gave picrotoxinonic acid 
which was also obtained by treatment of either «- or 8-picrotoxinone with boiling dilute 
sulphuric acid. On the basis of the established structure (XII) for picrotoxic acid 5-16 
picrotoxinonic acid has structure (XIII). The formation of this compound from «- 
picrotoxinone is undoubtedly mechanistically similar to the formation of picrotoxic acid 
from picrotoxinin which has been discussed in earlier publications. The conversion of 
8-picrotoxinone into picrotoxinonic acid under acidic conditions can be assumed to involve 
opening of the 8-lactone ring followed by acid-catalysed Michael addition of the 12-oxygen 
atom to Cy) of the «8-unsaturated ketone, as shown in (XIV). 


1% Fieser and Fieser, ‘‘ Natural Products Related to Phenanthrene,” Reinhold Publ. Corp., New 
York, 1949, p. 190. 

™ Dorfman, Chem. Rev., 1953, 58, 1047. 
* Conroy, J. Amer. Chem. Soc., 1957, 5550. 
** Burkhill, Holker, Robertson, and Taylor, J., 1957, 4945. 
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EXPERIMENTAL 


Ultraviolet absorption spectra were measured for 95% alcohol solutions with a Unicam 
S.P. 500 spectrophotometer, and infrared spectra for mineral oil dispersions with a Perkin- 
Elmer model 21 instrument. 

a-Picrotoxinone (II).—The ozonide was prepared from picrotoxinin (5 g.) in ethyl acetate 
(200 ml.) at —70°, isolated by distillation of the solvent im vacuo, and decomposed by water 
(200 ml.) for 15 hr. at room temperature. The crude product was isolated by filtration of the 
resultant suspension, and purified from warm methyl acetate-light petroleum (b. p. 40—60°), 
giving needles (2-8 g.) of «-picrotoxinone, m. p. 179—184° (decomp.: rapid heating), 2... 
275 my (log ¢ 1-21) with an inflection at 222 my (log ¢ ca. 2-25) (Found: C, 57-5; H, 5-0. Cale, 
for C,4H,,0,: C, 57-2; H, 4:8%). The 2,4-dinitrophenylhydrazone separated from methanol 
in yellow needles, m. p. 258—268° (decomp.) (Found: C, 50-9; H, 3-7; N, 11-7. CoH .O iN, 
requires C, 50-6; H, 3-8; N, 118%). Treatment of a-picrotoxinone with sodium hypoiodite 
and sodium hydroxide gave iodoform, m. p. and mixed m. p. 119°. 

8-Picrotoxinone (V).—a-Picrotoxinone (2 g.) in methanol (60 ml.) was treated with sodium 
methoxide (1 drop of a 4% solution of sodium in methanol) and after 15 hr. at room tem- 
perature acetic acid (1 drop) was added, the solvent distilled in vacuo, and the residue crystallised 
from ethyl acetate—methanol, giving prisms (1-5 g.) of 8-picrotoxinone, m. p. 254° (decomp.) 
undepressed on admixture with a sample obtained by heating «-picrotoxinone at 195°/1 mm. 
for 15 min.* (Found: C, 57-0; H, 49%). Prepared from either «- or $-picrotoxinone with 
semicarbazide hydrochloride and sodium acetate, the semicarbazone separated from methanol 
in needles, m. p. 300° (decomp. with prior sintering and decomp. from 210°), Amax, 274 my (log 
¢ 4:36), Vmax, 3385, 3310, 3120 (OH and >NH), 1760 (y-lactone), 1740 (8-lactone), 1680 (amide) 
and 1657 cm. (C=N), (Found: C, 49-2; H, 5-4; N, 11-1. Calc. for C,,H,,O,N;,H,O: C, 48-8; 
H, 5:2; N, 11-4%). Prepared from 8-picrotoxinone with acetic anhydride and pyridine at 
room temperature for 2 days the acetate (VI) separated from acetic acid in needles, m. p. 
277° (decomp.), Amax, 219 and 318 my (log ¢ 3-88 and 1-52), vmax 3509 (OH), 1792 (y-lactone), 
1748 (8-lactone and O-acetate) and 1681 cm. («$-unsaturated ketone) (Found: C, 57-1; 
H, 5-0; Ac, 13:3. C,,H,,O, requires C, 57-1; H, 4:8; Ac, 12-8%). 

a-Picrotoxinone Acetate (IV).—Prepared by ozonolysis of picrotoxinin acetate (1 g.) by 
Hathway’s method,® «-picrotoxinone acetate separated from ethanol in rhombs (0-75 g.), m. p. 
212—215°, vmax, 1808, 1795 (y-lactone), 1742 (O-acetate), and 1718 cm. (saturated ketone) 
(Found: C, 57-0; H, 4:8. Calc. for C,gH,,0O,: C, 57-1; H, 4:8%). 

8-Picrotoxinone Acetate (VII).—a«-Picrotoxinone acetate (0-9 g.) was suspended in methanol 
(50 ml.) and treated with sodium methoxide (3 drops of a 4% solution of sodium in methanol) 
for 2 days at room temperature. After addition of acetic acid (2 drops) the suspension was 
concentrated (to 7 ml.), and the resultant crystalline precipitate (0-75 g.) recrystallised from 
acetic acid, giving 8-picrotoxinone acetate (VII) (0-5 g.), m. p. 274—276° (decomp.) depressed 
to 235—244° (decomp.) on admixture with acetate (VI), Amax, 223 and 314 my (log e 3-89 and 
1-50), Vmax, 3378 (OH), 1799 (y-lactone), 1736 (8-lactone and O-acetate), and 1678 cm. (#8-un- 
saturated ketone) (Found: C, 57-0; H, 4:9; Ac, 12-8. Calc. for C,,H,,O,: C, 57-1; H, 4:8; 
Ac, 12-8%). This compound was identical with samples obtained (a) by Hathway ® after 
concentration of the mother-liquors from the crystallisation of «-picrotoxinone acetate and (b) 
by heating the latter compound at 220°/0-1 mm. for 10 min. 

Hydrogenolysis of 8-Picrotoxinone.—Hydrogenolysis of 8-picrotoxinone (3 g.) in methanol 
(100 ml.) with hydrogen (1 mol. absorbed) at atmospheric pressure and Adams catalyst (100 mg.) 
was complete in lhr. The filtered solution was evaporated to dryness in vacuo; the residue 
crystallised from methanol-ethyl acetate as prisms (2-5 g.) of the acid (VIII), m. p. 209—212° 
(decomp.), Amax, 233 and 306 mu (log e 3-95 and 1-71), vy, 3367, 3215 (OH), 1745 (8-lactone), 
1733 (CO,H) and 1658 cm. («8-unsaturated ketone) (Found: C, 56-5; H, 5-6. C,,H,,O, requires 
C, 56-8; H, 5-4%). Prepared with diazomethane in ether the methyl ester (IX) separated from 
ethyl acetate—light petroleum (b. p. 60—80°) in needles, m. p. 188—189°, Anax 233 and 302 mp 
(log ¢ 3-98 and 1-71), vmx 3472 (OH), 1742 (8-lactone), 1735 sh (CO,Me), and 1669 cm." («$-un- 
saturated ketone) (Found: C, 57-8; H, 5-9; OMe, 10-0. C,;H,,0O, requires C, 58-1; H, 5-9; 
OMe, 10-:0%). Prepared with semicarbazide hydrochloride and sodium acetate the ester 
semicarbazone separated from methanol in needles, m. p. 235—240° (decomp.), Agax, 265 my 










—— 


i i el eel es ee ee ee, 





_— — 


 _ Ss —- 


— 


sw — Ge 


5 we. PY a 








[1960] Bien: The Preparation of (5,5)-Metacyclophan. 4015 


(log « 4-40) (Found: C, 50-0; H, 6-3; N, 11-0; OMe, 8-3. C,,H,,0,N;,H,O requires C, 49-9; 
H, 6-0; N, 10-9; OMe, 8-1%). 
Apopicrotoxinonic Dilactone (XI).—Ozonised oxygen was conducted through an ethyl 
acetate solution (400 ml.) of apopicrotoxinic dilactone (1-2 g.) (prepared by Conroy’s method ?°) 
at —70° until the solution had a permanent blue colour (1 hr.). Oxygen was passed through 
the solution until the blue colour faded and, after warming to room temperature, the resultant 
solution was hydrogenated (1 mol. absorbed) at atmospheric pressure with 5% palladium— 
charcoal (0-5 g.). Crystals which separated during the hydrogenation were collected with the 
catalyst and removed by repeated extraction with boiling methanol. The combined ethyl 
acetate and methanol solutions were evaporated and the residue crystallised from alcohol, 
giving rectangular prisms (1-05 g.) of apopicrotoxinonic dilactone, m. p. 270° (decomp.) with 
sintering from 250°, Vmax. 3521, 3425 (OH), 1776 (y-lactone), 1737 (8-lactone), and 1718 cm.) 
(ketonic C=O) (Found: C, 53-5; H, 5-1. C,,H,,O, requires C, 53-8; H, 5-2%). Prepared in 
the usual way the semicarbazone separated from methanol in needles, decomp. 285—300° 
without melting, Amax, 227 my (log e 4:12) (Found: C, 48-8; H, 5-3. C,,;H,,O,N, requires 
C, 48-8; H, 52%). Treatment of apopicrotoxinonic dilactone (0-5 g.) with acetic anhydride 
(5 ml.) and pyridine (2-5 ml.) for 4 days at room temperature, and isolation of the product in 
the usual way, gave a compound which separated from acetic acid in needles, m. p. 277—278° 
(decomp.) (Found: C, 57-1; H, 4.8%), and which was shown by mixed m. p. and ultraviolet 
and infrared spectra to be identical with the acetylation product (VI) from 8-picrotoxinone. 


UNIVERSITY OF LIVERPOOL. (Received, April 8th, 1960.] 





792. The Preparation of (5,5)-Metacyclophan. 
By SHLOMO BIEN. 


Cyclisation of §-o-methoxyphenylvaleric acid by polyphosphoric acid has 
been shown to be intermolecular, yielding ‘‘ dimeric” and “ trimeric ”’ 
ketones. The ‘“ dimeric” ketone (III) was used to prepare the heretofore 
unknown (5,5)-metacyclophan (VIII). 


S1ncE 3’-methoxy-2,3-benzocycloheptenone (I) was desired as a starting material, cyclis- 
ation ! of 8-o-methoxyphenylvaleric acid (II) by polyphosphoric acid was investigated. 
This reaction had been reported 2 to give “‘ high-melting neutral products, insoluble in the 
common solvents.’’ In our hands, the neutral product obtained was readily soluble in 
chloroform and crystallised from benzene and acetone. The structure was therefore 
investigated. By a careful and tedious chromatographic separation a “‘ dimeric ’”’ diketone 


MeO 


MeO MeO @ 
8 Bae eee He 
x CO,H & 
(I) (II) (IIT) 


OMe 


was obtained in 30% yield and formulated as (III) as a result of molecular-weight determin- 
ation and the formation of 4-methoxyisophthalic acid by potassium permanganate oxid- 
ation of the reduction product (IV). Two other crystalline compounds, presumably an 
isomeric “ dimer ” and a “‘ trimeric ” ketone (see p. 4017) were also isolated, in low yield, but 
have not yet been identified. « 

That intermolecular rather than intramolecular cyclisation takes place, is not surprising 


* Horton and Walker, J. Amer. Chem. Soc., 1952, 74, 758. 
* Gardner, Horton, Thompson, and Twelves, J. Amer. Chem. Soc., 1952, 74, 5527. 








4016 Bien: The Preparation of (5,5)-Metacyclophan. 


in view of the deactivating effect of the m-methoxyl group; this decreases the yield in 
Friedel-Crafts-type intramolecular cyclisations.* Dimeric and trimeric ketones were 
obtained £ also in the high-dilution cyclisation of 7-phenylheptanoy] chloride. 

The dimer (IIT) was used to prepare the new (5,5)- easter yelophen (VIII). Huang. 
Minlon reduction 5 of this diketone caused partial demethylation,* and the aryl ether (IV) 
was obtained only after remethylation with methyl sulphate. Demethylation of the ether 
(IV) was effected with hydrogen bromide or by treatment with methylmagnesium iodide,’ 
giving the phenol (V). Hydrogenation of the phenol over platinum oxide in acetic acid 
in the presence of a small amount of hydrogen chloride resulted in extensive hydrogenolysis 
and a mixture of the saturated hydrocarbon (VIa) and the saturated mono- and di-alcohols 
(VIb and c) and their acetates was obtained. After cleavage of the acetates by lithium 
aluminium hydride to the alcohols (VIb and c) the synthesis was continued along two routes, 

In one the hydrocarbon (VIa) was separated by chromatography from the alcohols and 
dehydrogenated to the metacyclophan (VIII) with 30% palladised carbon. Oxidation of 
the combined alcohol fractions with potassium chromate ® yielded oily mono- and di- 
ketones (VIIa, b) separable by chromatography and identified as their 2,4-dinitrophenyl- 
hydrazones. 

In the second sequence the crude mixture (VIa, b, and c) was directly oxidised, reduced, 
and dehydrogenated. Chromatographic purification of the crude product yielded the 
(5,5)-metacyclophan (VIII), identical with that obtained by the first route. 


MeO HO 


VI) . 
(11) > ‘ (VI) a: R=R‘=H 
b: R=.OH, R’'=H 
c: R=R’=OH 
| = 


(VIIa: Por giece, 
b: “9 =:0 


(VIII) s 


Reagents: |, NsH,-KOH. 2, HBr or MeMgl. 3, H,-Pt. 4, ules 5, Pd. 


The infrared spectrum in the 2000—1650 cm. region is characteristic of benzene 
substitution.? The cyclic ether (IV) and the (5,5)-metacyclophan (VIII) showed analogous 
absorption patterns to those of the structurally similar 2,4-dimethylanisole and m-xylene, 
respectively, in this frequency range. 

The ultraviolet absorption of the metacyclophan was very similar to that of m-xylene, 


* Locket and Short, J., 1939, 789. For a discussion see W. S. Johnson in ‘‘ Organic Reactions,” 
Wiley, New York, 1944, Vol. II, p. 120. 

* Schubert, Sweeny, and Latourette, J. Amer. Chem. Soc., 1954, 76, 5462. 

5 Huang-Minlon, J]. Amer. Chem. Soc., 1946, 68, 2487. 

* Cf. Bien and Boazi, J., 1959, 1727; Gates and Tshudi, J. Amer. Chem. Soc., 1956, 78, 1380. 

7 Spath, Monatsh., 1914, ‘35, 319; Wilds and Cormack, ]. Amer. Chem. Soc., 1948, 70,4127; Johnson, 
Rogier, and Ackerman, J. Amer. Chem. Soc., 1956, '78, 6322. 
” “. seen 78, 6322 Rajagopalan, J. Amer. Chem. Soc., 1950, 72, 5530; cf. Johnson, Rogier, and Ackerman, 
1bt 5 

* Bellamy, ‘ The Infrared Spectra of Complex Molecules,” Methuen, London, 1958, p. 67. 
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which indicates the absence of interaction between the two benzene nuclei. This is 
analogous to the behaviour of the paracyclophan with the same number of carbon atoms in 
the aliphatic chains.’ 


EXPERIMENTAL 


3-0-Methoxyphenylvaleric Acid (11).—The following procedure was kindly communicated by 
Dr. A. Dreiding. A solution of o-methoxybenzaldehyde (13-6 g.) in methyl crotonate (20-0 g.) 
was added dropwise to a solution from potassium (7-8 g.) in dry t-butanol (150 ml.), the temper- 
ature being kept at 30°. The solution was left overnight at room temperature, then acidified 
with 50% acetic acid and extracted with ether (3 x 50 ml.). The crude residue (ca. 30 g.) 
obtained on evaporation of the dried (MgSO,) extracts was hydrogenated in ethyl acetate 
(180 ml.) in the presence of 10% palladised carbon at an initial hydrogen pressure of 60 Ib./sq. in. 
The catalyst and solvent were removed and the semicrystalline residue was refluxed with 
methanolic potassium hydroxide (11 g. in 90 ml.) for 2 hr. The unsaponified material was 
removed by extraction of the diluted alkaline solution with ether. The aqueous layer was then 
acidified with hydrochloric acid, and the separated oil removed in ether. Drying (MgSO,) and 
evaporation gave the crude acid (20 g.), m. p. 77—79° (from dilute acetic acid) (m. p. 79—81° 
has been reported for the crude acid *). Several recrystallisations from 2,2,4-trimethylpentane 
gave the analytically pure sample, m. p. 85° (Found: C, 68-9; H, 7-8; O, 23°35. Calc. for 
CygH,,03: C, 69-2; H, 7-75; O, 23-05%). 

Cyclisation of 8-o-Methoxyphenylvaleric Acid.—To a solution of phosphorus pentoxide (210 g.) 
in 85% phosphoric acid (140 ml.) the acid (II) (7-5 g.) was added at 90° with stirring. Stirring 
was continued for 2 hr. at 90°, a red colour developing. The mixture was poured into ice-water, 
and the precipitate removed, suspended in 10% sodium carbonate solution, refiltered, and 
washed with water. The dried product (7-1 g.) is dark yellow. 

The crude product (2 g.) was chromatographed in chloroform (20 ml.) on alumina (90 g.; 
Fisher) (prepared in 1:1 in hexane—benzene). Development was started with the named 
solvent mixture (750 ml.) and continued with pure benzene (5 1.), which eluted the diketone (III) 
(0-5 g.), m. p. 205° (from benzene) (Found: C, 75-9; H, 7-5; O, 16-7; OMe, 16-2%; M, 352. 
Cy,H,,0, requires C, 75-8; H, 7-4; O, 16-8; OMe, 16-3%; M, 380-5). The dioxime had m. p. 
261—262° (from 2-methoxyethanol) (Found: C, 69-6; H, 7-45; N, 6:3. C,,H,90,N, requires 
C, 70-2; H, 7-4; N, 63%). 

The residue was eluted from the column with chloroform and rechromatographed on alumina 
(90 g.; Fisher) as described above. Benzene (3 1.) eluted more (0-1 g.) of compound (III). 
Elution was then continued with benzene-chloroform (93: 7), yielding a second dimeric diketone 
(ca. 0-15 g.), m. p. 198-5—199-5° (from benzene) (Found: C, 75-3; H, 7-45; O, 16-9; OMe, 
160%; M, 400. C,,H,,0O, requires C, 75-8; H, 7-4; O, 16-8; OMe, 16-3%; M, 380-5). 
Benzene-chloroform (85: 15) eluted a trimeric triketone (ca. 0-07 g.), m. p. 165—167° (from 
benzene) (Found: C, 75-1; H, 7-4; O,17:0%; M,610. C,,H,,O, requires C, 75-8; H, 7-4; O, 
16-8%; M, 570). Intermediate fractions gave crystalline mixtures, and fractions eluted with 
solvents of higher chloroform content gave glassy polymers. 

Huang-Minlon Reduction of the Diketone (II1).—The diketone (0-5 g.) was refluxed with 
diethylene glycol (15 ml.), potassium hydroxide (1 g.), and 95% hydrazine hydrate (1-5 ml.) for 
2hr. The temperature was raised slowly to 190—200° and kept thereat for4 hr. The cooled 
solution was acidified with dilute hydrochloric acid and extracted with ether. After the usual 
working-up a semi-solid residue (0-4 g.) was obtained, infrared absorption of which showed 
partial demethylation. The crude product was treated in acetone (15 ml.) with potassium 
hydroxide solution (3-2 g. in 11 ml. of water) and methyl sulphate (5 ml.) in acetone (4 ml.) at 
50° with vigorous stirring.. The temperature was slowly raised to 60°, and the acetone removed 
by distillation. The mixture was stirred at 60° for 30 min. and at 95° for 1 hr. The alkaline 
solution was diluted with water, and the precipitate removed and washed with dilute hydro- 
chloric acid and with water. The crude material was dried and percolated through alumina 
(16 g.; Fisher) in benzene—hexane (2 : 1), giving white crystals (0-4 g.), m. p. 138°. Recrystallis- 
ation gave the pure ether (IV),’m. p. 139—-140° (from acetic acid) (Found: C, 81-6; H, 9-0; O, 
91. C,,H;,0, requires C, 81-8; H, 9-1; O, 9-1%). 

Permanganate Oxidation of the Ether (IV).—To the boiling solution of the ether (0-10 g.) in 


* Cram, Allinger, and Steinberg, J. Amer. Chem. Soc., 1954, 76, 6132. 
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pyridine (30 ml.) and 0-1N-sodium hydroxide (30 ml.), potassium permanganate (5 g.) was added 
during 4hr. Manganese dioxide was removed, and the solution evaporated to dryness in vacuo, 
acidified with hydrochloric acid, and extracted continuously with ether for 24 hr. The residye 
obtained on evaporation of the dried (MgSO,) ether solution gave 4-methoxyisophthalic acid, 
m. p. and mixed m. p. 269—271° (from water) (0-06 g., 54%), having the correct infrared spectra 
(in KBr). 

Demethylation of the Ether (IV).—(a) The ether (0-4 g.) was demethylated in a boiling mixture 
of 30% hydrogen bromide in glacial acetic acid (15 ml.), 50% hydrogen iodide (1 ml.), and water 
(1 ml.) for 3hr. After dilution with water, a few drops of sulphurous acid solution were added 
and the mixture was extracted with ether. The residue (0-35 g.) obtained in the usual way was 
taken up in a few ml. of benzene and chromatographed on silica gel (5 g.). Benzene eluted a 
small amount of oil, and the cyclic phenol (V) (0-25 g.) was obtained by elution with benzene- 
chloroform (50: 50) and chloroform; it had m. p. 159—161° (from carbon tetrachloride) (Found: 
C, 81-4; H, 8-7; O, 9-9. C,.H,,O, requires C, 81-45; H, 8-65; O, 9-9%). 

(6) The ether (0-21 g.) was added to a Grignard solution prepared from magnesium (0-1 g.) 
and methyl iodide (0-3 ml.) in ether (3 ml.). The ether was then removed and the mixture 
heated at 180°. Gas evolution immediately started and heating was continued for 1-5 hr. The 
cooled mixture was treated with dilute hydrochloric acid and extracted with ether. The 
residue (0-2 g.) obtained from the dried ethereal solution gave the cyclic phenol (V) (0-12 g), 
identical with that obtained above. 

Catalytic Hydrogenation of the Phenol (V).—The phenol (0-35 g.) in glacial acetic acid (30 ml) 
was hydrogenated over platinum oxide (0-13 g.) in the presence of 3M-hydrochloric acid (0-2 ml), 
After hydrogen absorption had ceased, the catalyst was removed and the solvent evaporated 
under reduced pressure. The oily residue (0-32 g.) was dissolved in absolute ether (20 ml.) and 
added dropwise to a slurry of lithium aluminium hydride (2 g.) in ether (50 ml.)._ The suspension 
was refluxed for 1 hr., excess of lithium aluminium hydride decomposed with ethyl acetate, and 
dilute sulphuric acid added. The organic layer was washed first with 10% sodium hydrogen 
carbonate solution, then with water, dried (MgSO,), ‘and evaporated, giving an oily residue 
(0-3 g.). 

This residue was taken up in a minimal volume of hexane and chromatographed on alumina 
(18 g.; Alcoa). Elution with hexane gave the hydrocarbon (VIa) (0-12 g.); further elution 
with benzene, benzene-chloroform, and chloroform gave the mono- and di-alcohol mixture 
(VIb, c) (0-15 g.). 

The hydrocarbon fraction was dehydrogenated with 30% palladised carbon (0-05 g.) at 
250—300°. From the product hexane extracted an oil which was chromatographed in pentane 
on basic alumina (7-0 g.; Woelm). Fractions 2—6 (each fraction about 5 ml.) gave (5,5)-meta- 
cyclophan (VIII) (0-07 g.), m. p. 67° (Found: C, 90-4; H, 9-6. C,,H,, requires C, 90-35; H, 
9-65%), Amax, 263, 268-5, 272 my (c 435, 342, 330 respectively) in EtOH. 

The mono- and di-alcohol mixture (VIb, c) (0-15 g.) in acetic acid (6 ml.) was oxidised with 
potassium chromate (0-25 g.) in water (0-6 ml.), with stirring overnight at room temperature, 
After the usual working-up, an oil (0-16 g.) was obtained, having Aggy, 1706 cm.~! (six-membered 
ring ketone), which was chromatographed in a minimal volume of hexane—benzene (1: 1) on 
alumina (15 g.; Alcoa), Elution with the same solvent gave the monoketone (VIIa) (0-08 g.) 
as an oil, identified as its yellow 2,4-dinitrophenylhydrazone, m. p. 183—-184° (from ethyl acetate) 
(Found: C, 67-4; H, 8-3; N, 11-1. C,,H,.N,O, requires C, 67-4; H, 8-5; N,11:2%). Elution 
with chloroform gave oily diketone (VIIb). Its bis-2,4-dinitrophenylhydrazone decomposed at 
325—330° (Found: N, 15-4. (C,,H,,N,O, requires N, 16-2%). 

Alternatively the crude mixture of (VIa, b, and c) (0-15 g.) in acetic acid (6 ml.) was oxidised 
with potassium chromate (0-25 g.) in water (0-6 ml.) as described above. The oily product 
(0-15 g.) was reduced with 95% hydrazine hydrate (0-5 ml.), potassium hydroxide (0-35 g.), and 
diethylene glycol (6 ml.). The oily hydrocarbon (0-12 g.) obtained in the usual way was 
dehydrogenated to (5,5)-metacyclophan (VIII) as described above. 

Infrared spectra in the 2000—1650 cm. region of the cyclic ether (IV) and the (5,5)-meta- 
cyclophan (VIII) were taken in concentrated carbon tetrachloride solution (0-04 g. in 0-25 ml.; 
0-5 mm. cell thickness) as the characteristic overtone and combination bands are relatively 
weak.® 

DEPARTMENT OF CHEMISTRY, ISRAEL INSTITUTE OF TECHNOLOGY, 
Hara, Iskazt. [Received, May 2nd, 1960.] 
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793. Adsorption from Hydrochloric Acid, Sulphuric Acid, and 
Potassium Chloride Solutions by Gold. 


By D. P. Benton, G. A. H. Erton, and J. T. HARRIson. 


Measurements of the extent of ion adsorption by gold powder from dilute 
solutions of hydrochloric acid, sulphuric acid, and potassium chloride have 
been made conductometrically. Adsorption from hydrochloric acid is 
several times greater in extent and considerably less reversible than that 
from potassium chloride or sulphuric acid solutions. Consideration of the 
results in the light of appropriate electrophoretic data shows that the extent 
of cation adsorption into the diffuse part of the electrical double layer is 
only a small fraction of that into the region on the solid surface side of the 
electrokinetic slipping plane. Adsorption processes at such interfaces cannot, 
therefore, by interpreted by consideration only of electrokinetic data. 


It is known that the presence of adsorbed films of ions on the surface of metal powders 
can have marked effects on the metallurgical properties of the powders. For example, 
it has been found that some sintering and hot-compacting processes are improved by 
washing the metal powder with certain aqueous solutions. The present paper describes 
part of an investigation of the extent and nature of adsorption by metal powders from 
electrolyte solutions. 

The adsorption of ions by mercury has been extensively studied,” largely because the 
extent of adsorption is determinable from measurements of interfacial tension, ¢.g., by 
using a capillary electrometer. For the large majority of ions investigated, physical 
adsorption predominates, although certain ions, e.g., sulphide, can be chemisorbed. 
Adsorption by other metals has been studied less extensively. Some measurements have 
been made on platinum,’ and on silver and copper.** Techniques employed have involved, 
inter al., the measurement of electrode capacities,” contact angles of gas bubbles on the 
surface,® electrophoretic mobilities, and adsorption of radioactive tracers. %10 

In the work described here, in order to minimise complications due, for example, to 
corrosion or formation of oxide films, studies have been made of the adsorption of ions by 
gold powder. The extent of adsorption has been determined by measuring the change in 
conductivity when an electrolyte solution is equilibrated with a large surface area of gold 
powder. 


EXPERIMENTAL 


Materials.—Precipitated gold powder was supplied by Johnson Matthey and Company Ltd. 
and specimens in the particle size range 10—40 2 were separated by fractional sedimentation 
in water. Specimens were washed in ether and acetone, repeatedly washed in conductivity 
water, and finally dried in a vacuum desiccator. Conductivity water was prepared by an ion- 
exchange process; its specific conductivity was 2—4 x 107 ohm™?cm.?. “ AnalaR” 
hydrochloric and sulphuric acids were diluted to approx. 0-1N-concentration and standardised 
volumetrically by borax. More dilute stock solutions were made up by weight from the 0-1Nn- 
solutions. ‘‘ AnalaR”’ potassium chloride was recrystallised several times from conductivity 
water, heated to dull redness in a platinum dish, and allowed to cool in a vacuum desiccator. 


pom 1 See, e.g., Goetzel, “‘ Treatise on Powder Metallurgy,” Interscience, New York, 1949, Vol. I, p. 
* Parsons, ‘‘ Modern Aspects of Electrochemistry,” Butterworths, London, Vol. 1, pp. 127—173. 
% Bach and Balaschowa, Nature, 1936, 187, 617. 
* King and Schochet, J. Phys. Chem., 1953, 57, 895. 
5 King and Scharfstein, J.-Phys. Chem., 1954, 58, 180. 
* King and Levy, J. Phys. Chem., 1955, 59, 910. 
7 Hanson and Clampitt, J. Phys. Chem., 1954, 58, 908. 
8 Moller, Ann. Physik, 1908, 27, 665. 
* Hackerman and Stephans, J. Phys. Chem., 1954, 58, 904. 
10 Erbacher, Herr, and Wiedmann, Z. Naturforsch, 1948, 3, A, 637. 





4020 Benton et al.: Adsorption from Hydrochloric Acid, 


The specific surface areas of the gold powder specimens were determined by a modification of 
the catalytic decomposition of hydrogen peroxide method.“ The method was standardise 
for gold by determination of the specific surface area of a specimen by using the B.E.T. krypton 
gas-adsorption technique. The gold powder used in these experiments had specific surface 
areas of 1—2 x 10° cm.?. 

Apparatus.—The apparatus was a modification of that described by Benton and Elton” 
and is shown in Fig. 1. Equilibration of powder and solution was carried out in the main 
cell A, of about 300 cm.® capacity. The ground-glass stopper of this cell contained two inlet 

tubes, one of which was sleeved with a machined Nylon gland, through 

Fic. 1. which passed a Pyrex glass stirrer; the other was used for addition 

of stock electrolyte solution and metal powder. The side arm B 

contained the electrode system and was separated from the main cel] 

by a sintered (No. 3) glass disc. The apparatus was kept in an oil- 
bath at 25° + 0-01°. 

- Procedure.—About 60 g. of gold powder were equilibrated with 
approx. 150 g. of conductivity water by rapid stirring. Clear solution 
could be forced into the electrode chamber by a stream of nitrogen 
entering ata. The conductivity was measured by use of a conventional 
a.c. bridge. Stock solution of electrolyte was then added in small 
quantities from a weight burette, equilibrium attained with rapid 
stirring, and the conductivity determined after each addition. For 
each electrolyte a blank run was carried out in which the resistances 
of the cell containing a number of solutions, accurately made up by 
\ weight, within the concentration range 10°—2 x 10°N, were deter- 

mined. By using these data the equilibrium concentrations in an 
adsorption run could be obtained directly from conductance measurements. Desorption was 
studied by successive dilution of the solution; after the adsorbent powder had settled, weighed 
quantities of solution could be removed and replaced by conductivity water. 

Results.—It was observed during preliminary experiments that the addition of the gold 
powder to conductivity water increased its conductivity, suggesting that dissolution or desorp- 
tion of ionic material from the gold surface was taking place. Continued exchange of the water 
with fresh conductivity water did not enable the conductivity of the water in equilibrium with 
the gold to be reduced below approx. 3 x 10*ohm™'cm.1. The time taken for an equilibrium 
conductivity reading to be obtained was about 36 hr. Conductivity determinations in solutions 
made up in water previously equilibrated with gold powder, showed that the conductivity of 
this water was additive to that of dissolved hydrochloric acid or potassium chloride. Hence, in 
the determinations of adsorption from solution discussed in this paper, the increase in con- 
ductivity on adding the gold powder was treated as a “ solvent ”’ correction and the quantity 
Ko — (km — Ks) Was regarded as a measure of the amount of added electrolyte adsorbed by the 
gold, where xy = conductivity of added electrolyte if no adsorption took place, «,, = measured 
conductivity, and x, = conductivity of water after addition of gold powder. 

Values of «, the number of ions of each sign adsorbed at each sq. cm. of interface, were 
calculated from the equation 





























re 


where ¢, = concentration of solution if no adsorption took place, cy = equilibrium concen- 
tration after adsorption, determined conductimetrically, and 6 = area of gold/volume of solution. 

Adsorption from potassium chloride solutions was rapid, equilibrium being attained within 
the time taken to measure the conductivity of the solution. Moreover, it appeared that this 
adsorption was due to weak physical forces, since reproducible adsorption isotherms were 
obtained with a given specimen of gold powder after it had been washed several times within 
conductivity water. Adsorption from sulphuric acid solutions was similar in extent and 
nature to that from potassium chloride solutions. Fig. 2 shows results obtained for numbers 
of ions adsorbed, per cm.? of interface, from solutions of potassium chloride and sulphuric acid, 
as a function of equilibrium concentration of the electrolyte. The points plotted were taken 


11 Ciark, Paper Trade J., 1942, $2, 115. 
12 Benton and Elton, Trans. Faraday Soc., 1953, 49, 1213. 
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from a smooth curve drawn through experimental points from several separate runs. These 
results were reproducible to within 5%. ' 
From hydrochloric acid solution adsorption was much slower, approx. 50% of the adsorption 
taking place within 30 min., and equilibrium being attained only after periods ranging from 
3 hr. in the more dilute solutions to about 70 hr. in the more concentrated solutions. This 
effect is illustrated in Fig. 3 where the conductivity of the solution in contact with the powder 
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is plotted against time. Fig. 4 shows the results obtained for the numbers of ions adsorbed at 
equilibrium, per cm.* of interface, as a function of equilibrium concentration of hydrochloric 
acid. The broken line in this figure represents the desorption of hydrochloric acid from the 
surface and was obtained by progressive dilution of the solution with conductivity water. This 
indicates a considerable degree of irreversibility of the adsorption from hydrochloric acid 
solution. Gold powder used in adsorption determinations in hydrochloric acid had to be 
repeatedly washed in many changes of conductivity water over a period of a week before the 
adsorption isotherm could’ be reproduced. 


DISCUSSION 
It is suggested that the partly irreversible adsorption by gold from hydrochloric acid 
solution involves the formation, by chemisorption, of a surface gold chloride with further 
adsorption resulting in the formation of a surface chloroauric acid. The nature of the 
results for the adsorption from potassium chloride solution, however, indicates that in this 
case chemisorption is not involved. A possible explanation of this may be that the active 
adsorption sites for chemical Au-Cl interaction, in neutral bulk solution, are blocked by 
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hydroxyl ions (or bicarbonate ions, doubtless present to a small extent in the water), 
Such ions would be stripped from the surface at bulk solution pH values less than 5—¢, 

The results for adsorption from sulphuric acid solution again indicate that chemj- 
sorption is not operative. Equilibrium is reached rapidly and the extent of adsorption, 
probably involving merely van der Waals type interaction, is similar to that from potassium 
chloride solutions. It may be pointed out that gold sulphate and complex auric sulphates 
are not known. 

The adsorption results presented here may be considered in the light of appropriate 
electrokinetic data. Electrophoretic measurements }° on gold in solutions of hydrochloric 
acid and potassium chloride show that the gold surface possesses a net negative charge, 


TABLE 1. Gold—potassium chloride solution.* 


Bulk concn. Og 
(N) (e.s.u./cm.*) 1 10-n3, 102+ = act 10Me/e 
10-5 165 , —1-00 1-79 3-43 
10-5 232 , — 1-48 2-59 4-85 
10-4 294 ; 1-95 3-07 6-10 
10-* 336 ; —2-46 3-64 7-00 
10-¢ 446 , —3-40 4-49 9-21 
10°% 549 ° —4-38 5-26 11-41 


TABLE 2. Gold—hydrochloric acid solution.* 
Bulk concn. O% 

(Nn) (e.s.u./cm.*) (mv) 10“ nit 10nd 10% ag+ = a 10M, /e 
10-5 74 0-94 —0-60 3-6 1-54 
10-5 91 1-13 , —0-79 73 . 
10-4 106 1-26 —0-94 11-0 . 
10-4 116 1-31 —1-10 15-1 
10-4 105 1-17 ~ —1-03 21-0 
10-3 94 1-02 —0-94 26-8 

* Values in the last four columns of each set are in terms of ions/cm.?. 
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The data are reproduced in Tables 1 and 2 together with the present adsorption data, 
In these tables the charge density, o,, represents a net charge per cm.? of the ionic layer 
on the solution side of the slipping plane, calculated by using the equation 


8, = (2npyekT/x)* sinh et /2kT ; +e ee See 


where ”, = number of ions per cm.? of each sign in the bulk solution, far from the surface, 
e = dielectric constant of the solution, e =the electronic charge, k = Boltzmann's 
constant, T = absolute temperature, and ¢ = electrokinetic potential calculated from 
the experimentally determined electrophoretic velocity. A Gouy diffuse ion distribution 
is thus assumed in this layer. 

The corresponding excess numbers of ions per cm.?, mP, in the layer are also given, as 
calculated from the equation 


nP = —2amP(1 —exp(Zet/2kT)] . . . . . . (3% 


where 4 = equivalent double layer thickness, Z; = ionic valency. 

By comparison of o,/e with «, the total numbers of ions adsorbed per cm.? of interface, 
it is apparent that the extent of adsorption is much greater than that which would explain 
the electrokinetic charge on the basis of anion adsorption into the region on the surface 
side of the slipping plane. It is then evident that considerable cation adsorption must 
occur in this region. In fact, the extent of cation adsorption on the solution side of the 
slipping plane is only ca. 1% of that on the surface side. If the electrokinetic slipping plane 


13 Harrison and Elton, J., 1959, 3838. 
14 Grahame, Chem. Rev., 1947, 41, 441. 
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corresponds at all closely to the boundary between fixed and diffuse layers of the Stern ® 
model of the electrical double layer, then the net charge of the fixed layer must be determined 
by a small excess of anions relative to the total number adsorbed. Otherwise the slipping 
plane must be situated considerably further from the physical surface, within the diffuse 
er. 

Attempts to interpret an adsorption process by consideration of electrokinetic data 
alone * would thus seem somewhat ill-advised. This may be emphasised by noting 
that although the electrokinetic charge at the Au-KCl interface is considerably greater 
than that at the Au-HCl interface, the total adsorption of hydrogen chloride is some 
3—5 times greater than that of potassium chloride at corresponding bulk solution 
concentrations. 


Thanks are due to Dr. Gregg for permission to use the B.E.T. apparatus in the Washington 
Singer Laboratories, Exeter University, and to Dr. Smith for assistance with these measurements. 

We also acknowledge, with thanks, the support of the Extra Mural Research Section, 
U.K.A.E.A., Harwell. 


BATTERSEA COLLEGE OF TECHNOLOGY, S.W.11. (Received, January 5th, 1960.) 


16 Stern, Z. Elecktrochem., 1924, 30, 508. 
16 E.g., O'Connor, Trans. Faraday Soc., 1956, 52, 397; Anderson, Proc. 2nd Internat. Congr. on 
Surface Activity, 1957, Vol. III, p. 67. 





794. The Rates of Decomposition of Free-radical Polymerisation- 
catalysts: Measurements of Short Half-lives by a Thermal Method. 


By N. H. Ray. 


The rates of decomposition of a number of free-radical polymerisation- 
initiators have been measured by a thermal method over temperature 
ranges in which the half-lives were of the order of ten seconds. Dilute 
solutions were used and the method of measurement was such that the 
concentration of the initiator need not be known. 


ComPpouNnDs which decompose to yield free radicals are widely used as polymerisation- 
initiators. In this connection it is essential to know the rates at which they decompose 
at elevated temperatures; the rates of decomposition of di-t-butyl peroxide,’ diethyl 
peroxide,? diacetyl peroxide, dipropiony] peroxide, and dibutyryl peroxide * have been 
measured by flow methods, the half-lives being less than one minute. All these com- 
pounds are volatile, however, and no measurements have been reported of fast decom- 
positions of non-volatile compounds which yield free radicals when heated. Such measure- 
ments have now been made by a thermal method similar to that described by Bell and 
Clunie.‘ 

In this work half-lives of the order of ten seconds were to be measured and it was 
therefore necessary to use a method which did not involve measuring the concentration 
of the compounds studied and could be used with dilute solutions. The method adopted 
depends on observation of the temperature changes which result from adding a small 
sample of the compound to a comparatively large volume of hot solvent with rapid mixing, 
under conditions such that the heat of reaction is continuously lost to surroundings at 
constant temperature. By using dilute solutions the total temperature change may be 
- sree, Roberts, and Swarcz, J. Chem. Phys., 1951, 19, 698; Lossing and Tickner, ibid., 1952, 
Rebbert and Laidler, J. Chem. Phys., 1952, 20, 574. 


* Rembaum and Swarcz, J. Amer. Chem. Soc., 1954, '76, 5975; J. Chem. Phys., 1955, 28, 909. 
* Bell and Clunie, Proc. Roy. Soc., 1952, A, 212, 16. 
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kept below 0-5°, so that the rate of decomposition is measured under approximately 
isothermal conditions. 

Although the first step in the decomposition of the compounds studied is endothermic, 
the subsequent reactions of the radicals produced are exothermic and a temperature rise 
is observed. The method is valid because the radical reactions are very much faster than 
the initial dissociation into radicals. 

When the cold sample is first added to the system there is a momentary fall in tem- 
perature; then as the decomposition proceeds, the temperature rises above its original 
value to a maximum, and finally falls again (Fig. 2, p. 4025). For first-order reactions the 
time taken to reach the maximum temperature after the system has recovered from the 
introduction of the cold sample, that is, after the temperature has returned to its original 
value, is determined by the ratio of the reaction velocity constant to the cooling rate 
constant and is independent of the concentration of reagent. 

If the first-order reaction constant is k, and heat loss from the system is governed by a 
first-order rate constant k,, then after the initial disturbance the rate of change of tem- 
perature is given by 

d6/dt = (Q/H)/k,xe*' — k,6 


where 6 is the temperature at any time #, x is the amount of the reacting substance remaining 
when the temperature returns to its original value after the initial disturbance, Q is the heat 
of decomposition of the substance, and H is the water equivalent of the system. 

It can be shown ‘ that the time (7) taken to reach the maximum temperature after the 
initial disturbance is given by 


hy 


1 
T =~ lo 
ej 


hy — he 
which is independent of x, Q, and H. 
The precision with which T can be measured dépends upon the sharpness of the 
maximum in the temperature change. Errors in measuring T will have least effect on the 
result when d7/dk, is as large as possible; since 


dT 1 1 
i, = ks, —7) 


it follows that d7/dk, becomes infinitely Jarge when k, = kg, and errors in measuring T 
will therefore have least effect on the value of k, in the range where h, is nearly equal to k,. 
The apparatus was therefore designed with a heat-transfer coefficient such that the half- 
time of cooling was about equal to the half-life times to be measured; in practice it was 
found to be rather more convenient to use when k, was slightly greater than k,. It can 
be shown that the value of k,T tends to unity as k, approaches k,, so that T is approxim- 
ately equal to 1/k, in the best working range of the method. Evidently it is important 
to determine the apparatus constant, k,, as accurately as possible. 


EXPERIMENTAL AND RESULTS 


A pparatus.—This was a cylindrical block of aluminium 10 cm. in diameter and 15 cm. high, 
the centre of which was bored out to provide a reaction vessel of 100 ml. capacity (Fig. 1). The 
vessel was provided with four vertical baffles, a high-speed stirrer running in ball bearings in 
the lid of the vessel, and one junction of a copper—constantan thermocouple made from 36 
S.W.G. wire. The reference junction was housed in a small hole near the periphery of the 
aluminium block, and the apparatus was heated to a constant temperature by an electric 
winding on the outside, controlled by a bimetallic thermoregulator inserted in the side of the 
block. The removable lid of the reaction vessel was ground to fit the upper face of the alu- 
minium block to ensure good thermal contact, and the whole apparatus was embedded in 
coarsely powdered insulating firebrick (Johns-Manville Co. Ltd.) contained in a polished tin, 
18 cm. in diameter. 
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The thermocouple was connected to a D.C. amplifier with a voltage gain of 2-5 x 105, and 
the output from this was connected to one pair of vertical deflection plates of a double-beam 
oscillograph. The second pair of plates was connected to a 1-5 v dry cell through a clock- 
driven contactor which interrupted the circuit every 0-5 sec., so that the second beam was 
displaced periodically through a short vertical distance. The oscillograph time base was not 
used; the vertical movements of the two beams were recorded on a 35 mm. strip of sensitive 
paper drawn continuously through a camera at nominal speeds of from 0-2 to 10 cm./sec. The 
sensitivity of the temperature measurement was such that a change of 0-3° produced 1 cm. 
deflection of the image on the sensitive paper; time intervals were measured to the nearest 
0-05 sec. by interpolation of the square wave marked by the second beam. 

Determination of Cooling Rate Constant.—The output from the D.C. amplifier was tem- 
porarily connected to a high-speed pen-recorder giving full-scale deflection for 0-5° change in 


Fic. 1. Apparatus for measuring decomposition 
rates. 
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A, Thermometer. B, Tube for injecting catalyst. 
C, Stirrer. D, Socket for reference junction. 
E, Thermocouple. F, Socket for thermo- 
vegulator. G, Heater winding. H, Baffles. 


temperature; the chart speed was 12inches/min. Liquid paraffin (B.P.; 50 ml.) was put into 
the reaction vessel, the apparatus was brought to the required temperature, and a small 
platinum resistance heater was inserted into the liquid. When the temperature had been 
raised about 0-5° the heater was withdrawn and a cooling curve recorded. This was used to 
calculate the half-time of cooling and the cooling rate constant. In preliminary experiments, 


TABLE 1. Effect of stirring speed on cooling rate at 130°. 


Stirring apeed (£.9.92.) .......cssccceoesseseses 1600 3800 4000 4800 6000 
Half-time of cooling (sec.)  ..............0+6 12-0 8-7 8-4 8-4 8-4 
Cooling rate constant (sec.“!) .............+ 0-058 0-080 0-082 0-082 0-082 


determinations were made over a range of stirring speeds (Table 1), and all subsequent measure- 
ments were made with the stirrer rotating at 4500 r.p.m. at least. The cooling rate constant 
was measured over a temperature range from 80° to 230°, six determinations being made at 
each temperature; the results are given in Table 2. 
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Catalysts.—Lauroy1 peroxide was crystallised from benzene, and benzoyl peroxide from 50% 
methanol. t-Butyl perbenzoate and n-octanoyl peroxide were purified by fractional freezing; 
dimethyl 2,2’-azobis(isobutyrate) was crystallised from methanol, and isopropyl peroxydicarb. 
onate from pentane. Di-t-butyl peroxalate was prepared from t-butyl hydroperoxide ang 


TABLE 2. Cooling rate constants from 80° to 230°. 
Half-time of Cooling rate Half-time of Cooling rate 

Temp. cooling (sec.) constant (sec.~!) Temp. cooling (sec.) constant (sec."!) 

80° 10-93 + 0-10 0-0634 + 0-0006 151° 7-52 + 0-03 0-0922 + 0-0004 

105 , , 0-0763 + 0-0013 168 7-42 + 0-06 0-0934 + 0-0008 

120 , . 0-0805 + 0-0004 216 7-12 + 0-11 0-0973 + 0-0016 

135 , , 0-0821 + 0-0009 230 6-67 + 0-06 0-1040 + 0-0009 

143 , . 0-0865 + 0-0004 


oxalyl chloride ® and crystallised from ether. Di-(y-carboxypropionyl) peroxide was prepared 
as described by Clover and Houghton.* Dibenzyl hyponitrite was prepared according 
to directions of Partington and Shah’ and recrystallised from carbon disulphide by chilling a 
solution prepared at room temperature. 

Compounds that were liquid or could be melted without serious decomposition were used 
in a pure state; benzoyl peroxide and lauroyl peroxide were made into a paste with an approxim- 
ately equal weight of liquid paraffin; di-t-butyl peroxalate was dissolved in diethyl oxalate. 

Measurement of Decomposition Rates.—Liquid paraffin (B.P.; 50 ml.) was put into the 
reaction vessel and the apparatus was brought to the required temperature. The camera 
motor was started, and a small sample (ca. 5 x 10 mole) of the pure catalyst or an equivalent 
amount of paste or solution was rapidly injected into the reaction vessel through the tube in 
the lid from a hypodermic syringe. After a suitable interval the injection was repeated, and 
up to six determinations were made at each temperature. 

The photographic record was developed and the position of the temperature maximum was 
located (Fig. 2); a convenient method of doing this has been described by Hartree.* The time 


TABLE 3. Decomposition rates and half-lives. 


k Half-life k Half-life 
Compound Temp. (10-* sec.) (sec.) Compound Temp. (10-*sec.)  (sec.) 
t-Butyl perbenzoate 164° 3-7 19 Isopropyl peroxydi- 121° 6-9 10 
carbonate 135 46 1- 
Benzoyl peroxide 143 4-6 15 143 72 1- 
150-5 8-2 8-5 
166 45 1-5 Di-t-butyl peroxalate 95 7-9 
105 27 
Lauroyl peroxide 135 6-1 
145 17-9 p Dibenzyl hyponitrite 89 5-4 
161 , 100 10-0 
112 21 
n-Octanoyl peroxide 135 } . 123 33 
151 
Di-(y-carboxypro- 134 3-0 
Dimethyl 2,2’-azobis- 126 , pionyl) peroxide 
(isobutyrate) 135 ; 
143 
151 1 
166 5 


interval between the maximum and the point at which the temperature regained its original 
value after the initial cooling was determined by comparison with the time scale marked by the 
second beam of the oscillograph; the mean of each set of measurements was then used to 
calculate the first-order reaction constant and the corresponding half-life time. The results 


are collected in Table 3. 
Effect of Concentration.—The rate of decomposition of isopropyl peroxydicarbonate was 


§ Pajaczkowski and I.C.I., B.P. Appl. 15,443/1958. 

® Clover and Houghton, Amer. Chem. J., 1904, $2, 43. 

7 Partington and Shah, J., 1932, 2589. 

8 Hartree, ‘‘ Numerical Analysis,” Clarendon Press, Oxford, 1952, p. 120. 
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measured several times at constant temperature, solutions of the compound in kerosene as well 
as the pure substance being used. The following results were obtained: 
Concn. of solution Half-life 
Temp. (sec.) 
120° 10-5 
120 11-2 
120 45 9- 
120 Pure substance 10-0 


DISCUSSION 


Experimental Errors.—The apparatus had a half-time of cooling ranging from 7 to 11 
seconds depending on the temperature, and it was used to measure half-lives between 1 
and 30 seconds. Within this range it was estimated that the experimental error did not 
exceed 10% of the half-life; the chief sources of error were as follows. 

Measurement of T. In a series of determinations at constant temperature each of 
which was repeated six times the standard error of the half-lives was nearly constant at 2%. 

Cooling rate constant. The cooling rate constant was measured at several temperatures, 
with six determinations at each temperature; the average standard error of the corre- 
sponding half-life times was about 1% (Table 2). After the experimental work was 





Fic. 3. Rate of decomposition of 
benzoyl peroxide. 
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finished some further determinations of the cooling rate constant gave results which 
agreed closely with the original values. 

Temperature measurement. The temperature of each experiment was measured with a 
mercury thermometer calibrated in degrees and a correction was applied for the emergent 
stem; it is estimated that the observed temperature was correct to 0:5°. During an 
experiment the temperature change was also about 0:5°; the temperature at which each 
half-life was measured could therefore be in error by as much as 1°, and this would cause 
an error of up to 5% in the half-life in a typical case. 

Loss of heat by evaporation. Loss of heat by evaporation of a volatile compound during 
a determination would cause a serious error because it would alter the rate of cooling. For 
this reason it was impossible to obtain valid results with di-t-butyl peroxide, for instance, 
which does not decompose rapidly below its boiling point. Results on compounds which 





4028 Gerrard and Mooney: 


evolve a gas on decomposition are unlikely to be much in error from this cause because 
the amount of heat lost is quite small. 

Comparison with Previous Results.—In Fig. 3 the results obtained with benzoyl peroxide 
between 143° and 166° are compared with previously published values at lower tem- 
peratures collected from twelve papers.® Vertical lines have been used to represent the 
range when there were too many results at one temperature to show separate points, and 
the line drawn somewhat arbitrarily through the present results indicates reasonably 
good agreement with most of the previous work. 


The author thanks Dr. J. C. McGowan for advice and helpful suggestions. 
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® Bamford and White, J., 1959, 1860; Bawn and Mellish, Trans. Faraday Soc., 1951, 47, 1216; 
Bartlett and Vaughan, J. Phys. Colloid Chem., 1947, 51, 942; Blomquist and Buselli, J. Amer. Chem. 
Soc., 1951, 73, 3883; Bailey and Godin, Trans. Faraday Soc., 1956, 52, 68; Cass, J. Amer. Chem. Soc., 
1946, 68, 1976; Cohen, ibid., 1945, 67, 17; Ewald, Discuss. Faraday Soc., 1956, 22, 146; Hartmann, 
Sellers, and Turnbull, if Amer. Chem. Soc., 1947, 69, 2416; Nicholson and Norrish, Discuss, Faraday 
Soc., 1956, 22, 97; Nozaki and Bartlett, /. "Amer. Chem. Soc., 1946, 68, 1686; Swain, Stockmeyer, and 
Clarke, ibid., 1950, 72, 5426. 





795. Chemistry Related to Borazole. Part I. The Boron Trichloride 
and Boron Trifluoride Complexes of Primary Aromatic Amines. 


By W. GERRARD and E. F. Mooney. 


Infrared spectroscopic and chemical evidence suggests that the complexes 
of primary aromatic amines with boron trichloride and trifluoride are 
best described as the hydrohalides of the arylaminoboron dihalides, 
(Ar-NH’BX,),HX, with a possible “ x-type ” complex structure. Hydrolysis 
of the complexes, and their reactions with amines and Grignard reagents, 
are described. 


THE 1: 1 complexes of boron trichloride with aniline,’ £-toluidine,? and f-anisidine * have 
been described, but owing to the renewed interest in borazole and its derivatives these 
complexes have been re-investigated as intermediates in the preparation of the derivatives 
of B-trichloroborazole. The 1:1 complexes of ~-bromoaniline and #-chloroaniline have 
now been prepared by the addition of the amine (1-0 mol.) in methylene dichloride to boron 
trichloride, in slight excess, in the same solvent at —80° (Table 6, p. 4034). In addition to 
the insoluble 1 : 1 complex the impure arylaminoboron dichloride Ar-NH-BCI, was obtained 
from the filtrate, the impurity being the corresponding N-triaryl-B-trichloroborazole 
(ArNBCl),. m-Toluidine and #-anisidine showed anomalous behaviour; for addition of 
the former to boron trichloride afforded the insoluble m-tolylammonium tetrachloroborate 
[m-CH,°C,H,’NH,]*[BCl,]~ and the 1 : 1 complex was obtained from the filtrate; the pure 
complex of #-anisidine could not be obtained from methylene dichloride because of the 
ready occurrence of reaction (1). Kinney and Mahoney ® could not get the pure complex 
from benzene. 


p-MeO-CgHyNH,,BCl, ——B p-MeO-C,HyNH-BCI,+ HCI. . . . . . (I) 


The boron trifluoride complexes of aniline ** and #-toluidine * have not been fully 
characterised. The 1 : 1 complexes of aniline, f-toluidine, and m-toluidine (Table 7, p. 4035) 


1 Jones and Kinney, J. Amer. Chem. Soc., 1939, 61, 1378. 

* Kinney and Kolbezen, J. Amer. Chem. Soc., 1942, 64, 1584. 
* Kinney and Mahoney, J. Org. Chem., 1943, 8, 526. 

* Landolph, Ber., 1879, 12, 1578; Compt. vend., 1879, 89, 173. 
5 Rideal, Ber., 1889, 22, 992. 

* Sugden and Waloff, /., 1932, 1492. 
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have now been prepared by addition of the amine to the boron trifluoride-ether conghene in 
ether solution. 

Infrared spectra of the boron trihalide complexes showed interesting features; signi- 
ficant is the presence of only one NH stretching band near 3200 cm.+. Arylaminoboron 
dichlorides also show a single NH band in the same position. If the structure were of the 
classical co-ordination type (I) at least two NH bands would be expected, arising from the 

symmetrical and asymmetrical stretching modes of the NH bonds. 

ig The parent aromatic amines show these two nents, together with an 
>»—-N+>B—xX additional one due to the bonded NH group.? The NH bands found 
| My in the 3300 cm. region of the spectra of aromatic primary amines, the 

(I) complexes, and the arylaminoboron dichlorides are shown in Table 1. 
X= Cl or F, Y or The NH deformation bands of the complexes and the arylaminoboron 

=H,Me,MeO,Cl, dichlorides are found in the region of 1560 cm.+; the NH deformation 

mee band of a primary aromatic amine is normally observed in the 1650—1590 

cm. region. The bands associated with the NH deformation modes in these compounds 

are shown in Table 2. These results are not consistent with the presence of an NH, group 
in the complex. 

Another feature is the similarity between the infrared spectra of the amine—boron 
trichloride complexes and of the arylaminoboron dichlorides in the 850 cm. region (Fig. 1). 


a 
> 


TABLE 1. The position of NH stretching bands of primary aromatic amines, boron trichjoride 
and boron trifluoride complexes, and the arylaminoboron dichlorides. 
Ar-NH, Ar-NH,,BCl, ArNH-BCl, Ar-NH,,BF, 
(cm.~) Assignment (cm.~) (cm.~) (cm.~) 
3425 * sym. NH 3145 3135 3236 


3333 asym. NH 
3195 bonded NH 


3425 sym. NH 3135 3145 3205 
3333 asym. NH 

3195 bonded NH 

3448 sym. NH 3175 3226 
3356 asym, NH 3185 tf 

3215 bonded NH 

3460 f sym. NH 3120 

3390 asym. NH 

3175 bonded NH 

3472 sym. NH 3135 

3390 asym. NH 

3205 bonded NH 


* Spectrum of liquid film. f Spectrum of chloroform solution. { Spectrum of methylene 
dichloride solution. 


TaBLE 2. The NH deformation bands of the primary aromatic amines, boron trichloride 
and boron trifluoride complexes, and the arylaminoboron dichlorides. 
Ar-NH, Ar-NH,,BCl, Ar-NH-BCl, Ar-NH,,BF, 
(cm.*4) (cm.~4) (cm.~) (cm.~?) 
1618 1560 1560 1587 
1613 1560 1560 1562 
1621 1558 1562 
1613 1560 1560 
1613 1555 


Infrared spectra of complexes of nitrogen compounds and boron trichloride show, in the 
850 cm. region, a strong absorption envelope which has been associated with the partial 
tetrahedral configuration of .the boron atom in such complexes. Such characteristic 
absorption has been observed in the boron trichloride complexes of nitriles (I1),® secondary 


7 Jones and Sandorfy, ‘‘ Technique of Organic Chemistry,” Vol. IX, 1956, p. 516. 
® Thompson, J., 1948, 328. 
* Gerrard, Lappert, Pyszora, and Wallis, J., 1960, 2182. 
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aliphatic amines (III), diphenylamine, and triethylamine.“ However, the correspond. 
ing primary aromatic amine complexes do not show this characteristic 850 cm." absorption 
envelope, but show a strong band which is associated with the NBCl, group. The B-(] 
mode in such compounds as ArBC], has been assigned }* at 885 cm.-}, but with the increased 
electron-donating power of the nitrogen atom it would be expected that the B-Cl mode in 
compounds of the type Ar-NH-BCl, would occur at lower frequencies, and in general, 


Fic. 1. Infrared spectra of reaction products of p-toluidine and boron trichloride. 
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/00 
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(I) p-Tolwidine—boron trichloride. (II) p-Tolylaminoboron dichloride. 





bands between 850 and 830 cm.* have been assigned to the B-Cl mode in these com- 
pounds. In addition, there is a weaker band in the 1180 cm. region which we suggest is 
also associated with a B-Cl mode. These bands are shown in Table 3. 
~, 
(I) R-C=N>B8Cl, Pg tea (II 
R~ | 
H 
TABLE 3. Bands (cm.") associated with the B-Cl mode in the spectra of arylamine- 
boron trichloride and arylaminoboron dichlorides. 
Ar Ph p-C,H,Me m-C,H,Me p-C,H,Br p-C,H,Cl 


Ar-NH,,BCl, 1188, 828 1188, 847 1212, 838 1188, 849 1198, 856 
1188, 828 1190, 849 _— 1189, 851 _ 


Although the analysis of the 1:1 boron trichloride complexes (see Table 6, p. 4034) is 
consistent with structure (I), infrared data fit better a complex of arylaminoboron dichloride 
with hydrogen chloride. An ionic structure (IV) has been suggested 1 for the dimethyl- 
amine— and diethylamine—boron trichloride complexes; evidence 1 has also been put 
forward to support the normal co-ordination structure (V). The ionic structure of the 
aromatic amine complexes is represented by structure (VI), but this structure is not 
consistent with infrared spectra. Although ionic complexes of secondary amines (IV) 

10 Gerrard, Hudson, and Mooney, unpublished work. 

Gerrard, Lappert, and Pearce, unpublished work. 
Bellamy, Gerrard, Lappert, and Williams, J., 1958, 2412. 
Brown and Ostoff, J. Amer. Chem. Soc., 1952, 74, 2342. 


Goubeau, Rantz, and Becher, Z. anorg. Chem., 1933, 218, 77. 
Gerrard, Lappert, and Pearce, J., 1957, 381. 
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which have been isolated 1° show bands which are normally assigned to NH* modes, bands 
due to the NH,* modes (which have been fully characterised 11”) have not been observed 
in the aromatic amine complexes. Consequently, the structure of these might best be 
represented as “ x-type ” hydrogen halide complexes of the arylaminoboron dihalides (VII). 


R cl i as H 
[R NH*BCI,]CI~ RN > BCCI Ph-N—-B ci- | »* 
. ww NG | Nea N-B 
H 


‘ 


x 
(IV; R= Me or Et) (V) (VI) (VII; X =Cl or F) 


The interaction of boron trichloride with benzylamine, cyclohexylamine, and diphenyl- 
amine was also investigated in view of this interesting formation of isolable x-complexes. 
As previously reported,!* benzylamine and cyclohexylamine gave the substituted ammon- 
ium tetrachloroborates (VIII) and the aminoboron dichloride (IX) in equimolecular 


2R°NH, + 2BClz; —— [R°NH,]*[BCI,]- + R°NH°BCI, 
(VIID (TX) 
(R = cyclohexyl or benzyl) 


quantities. We confirmed that reaction of diphenylamine and boron trichloride leads to 
the tetrachloroborate,!® but some of the 1 : 1 complex was also isolated. The NH stretch- 
ing and deformation frequencies of the aminoboron dichlorides of benzylamine and cyclo- 
hexylamine and the 1 : 1 complex of diphenylamine are consistent with those found in the 
aromatic amine complexes (Table 4). In addition, the 1:1 complex of diphenylamine- 
boron trichloride shows the characteristic strong absorption of the partially tetrahedral 
N-BCl, group in the 800 cm. region; this complex is of the classical co-ordination 
structure (X) (Table 4). 


TABLE 4. NH Stretching and deformation frequencies (cm.“) of the aminoboron dichlorides of 
benzylamine and cyclohexylamine and the 1:1 complex of diphenylamine-boron tri- 
chloride. 

Compound Ph-CH,*NH-BCl, C,H,,"NH-BCl, Ph,NH, BCI, (X) 
NH stretch 3145 3155 3145 
NH deformn. ............ 1560 1550 1592 


Contrary to earlier observations,! the aniline-boron trichloride complex did not dis- 
proportionate when heated; only hydrogen chloride was evolved in boiling benzene or on 
pyrolysis. Thermal decomposition of the 1 : 1 complexes and the substituted ammonium 
tetrachloroborates in boiling benzene is a convenient method of preparing the 
corresponding N-triaryl-B-trichloroborazole (2). The complexes of aniline, -toluidine, 


Ar-NH,,BCl, —t #(ArNBCI), + 2HCl . . . . 2... 
[R*NH,]+[BCI,J- ——t #(RNBCI), + 3HCI 


and -bromoaniline show similar decomposition curves (Fig. 2); the initial stage involves 
a heterogeneous system, the complex being insoluble in benzene; the second stage shows 
essentially first-order kinetics (Fig. 3). The system involves a consecutive decomposition 
of the complex via the arylaminoboron dichloride to the N-aryl-B-chloroborazyne which 
trimerises to the N-triaryl-B-trichloruborazole. Pyrolysis of the complex follows a 
similar pattern, but it is difficult to obtain pure products, there being further decomposition 


%* Stone, Cymerman-Craig, and Thompson, J., 1958, 52. 
1” Heacock and Marion, Canad. J. Chem., 1956, 34, 1782. 
18 Gerrard and Mooney, Chem. and Ind., 1958, 1259. 











4032 Gerrard and Mooney: 


beyond the chloroborazole stage; when the N-triaryl-B-trichloroborazoles are heated 
hydrogen chloride is eliminated.” 


—HCI —HCI 
Ar-NH,,BCl; ——B> Ar-NH*BCl, —3> (ArNBCl), 


The reaction of pyridine and alkylamine-boron trichloride complexes normally results 
in base interchange (3).28 With the aromatic amine-boron trichloride complexes only 


RyNH,BCl, + CsHsN—® C,HN,BClh+RINH - - - . - 2... 
Ar-NHg,BCl, -+ 2CsHsN —3 CgH,N,HCI + ArNH*BCI,,CsH3N . - 2. . 4) 
[R*NHg]*[BCI,]- + CsHsN ——t CgH,N,BCl, + RNH*CI 2 ww. 


pyridinium hydrochloride is isolated by sublimation, together with a material which 
approximates to the arylaminoboron dichloride—pyridine complex (reaction 4), pointing 
to the structure (VII). The substituted ammonium tetrachloroborates and pyridine give 
pyridine-boron trichloride and the substituted ammonium chloride (reaction 5). 

















Fic. 2. 
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x= 
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fe) /0 20 JO 40 20 2S FO 
Time (Ar) 1og,, [Ary/aminoboron dichloride] 
© Aniline-boron trichloride. x p-Toluidine- . 
boron trichloride. ( p-Bromoaniline—boron O, x, 0 As for Fig. 2. 
trichloride. 


The primary aromatic amine-boron trichloride complexes are violently hydrolysed 
with water and alcohols; in contrast, the boron trifluoride complexes dissolved in water 
without apparent reaction. Ultraviolet spectra of the aqueous solutions of the boron 
trifluoride complexes (Fig. 4) show the presence of the substituted arylammonium ion, 
accounted for by the formation of the arylammonium hydroxytrifluoroborate (XI) 
(reaction 6). The 2:1 complex of water and boron trifluoride has been shown, by 
X-ray diffraction ** and electrolysis, to be the hydroxonium hydroxytrifluoroborate 
[H,O]*(HO-BF,]~; the corresponding arylammonium salt of this acid is that proposed in 
structure (XI). Other evidence has been reported. 


Ar-NH,,BF, + HO ——t [Ar-NH,J#HO-BF,I- . «2 ee ee ee 
(X1) 
CgHy°NH,,BF, + CyH,O —— C,HyNH,+C,H,O.BF, . - . .. . -. . @ 


The aniline—boron trifluoride complex is soluble in tetrahydrofuran, giving a yellow 
solution, which suggests possible base-exchange (7); on removal of the solvent under 
reduced pressure the aniline-boron trifluoride complex was recovered. The infrared 


1® Gerrard and Mooney, unpublished work. 

20 Brown, J. Amer. Chem. Soc., 1952, 74, 1219. 
*1 Klinkenberg and Ketelaar, Rev. Trav. chim., 1935, 54, 959. 
*2 Greenwood and Martin, J., 1951, 1915. 

23 Ryss and Idels, Zhur. neorg. Khim., 1959, 4, 1990. 
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spectrum of the tetrahydrofuran solution, however, showed that no base-exchange had 
oecurred; only one NH band (3390 cm.*) was observed. A solution of aniline in tetra- 
hydrofuran showed the presence of the usual three bands, symmetrical NH stretching 
(3475 cm.~), asymmetrical NH stretching (3390 cm.“), and bonded NH (3245 cm.*); the 
presence of free aniline in the solution of the complex would be readily detected. 


Fic. 4. Ultraviolet spectva of aniline—boron trifluoride Fic. 5. Ultraviolet spectra of (A) aniline, (B) 
and m-toluidine—boron trifluoride in aqueous solution. anili on trifluoride, and (C) aniline— 


400 boron trichloride in tetrahydrofuran 
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acid. (B) m-Toluidine—boron trifluoride in water. 250 270 290 / 
(C) Anilinium chloride in 0-1N-hydrochloric acid. 50 


(D) Aniline-boron trifluoride in water. Wavelength (™) 


The ultraviolet spectra of the aniline—boron trichloride and —boron trifluoride complexes 
in tetrahydrofuran are shown in Fig. 5. If the structure of the complexes were of the 
classical co-ordination type (I), the expected canonical forms of type (XII) with a 
p-quinonoid structure would cause the movement of Amsx. to longer wavelength; there is 


H xX H x 
. ow 1 7 
Cri Cen 8 

(I) H xX H Xx (XII) 


no observed movement of Amax, (Table 5). The reduction in the ratio emsx/emin, Which is 
in the order of increasing Lewis acid strength of HX, HCl > HF, could be explained by the 
“x-type ’’ complex bonding of HX to the aromatic nucleus (VII), resulting in the localis- 
ation of the x-electron system. 

Reaction of the boron trifluoride-ether complex and arylmagnesium halides is known 
to afford the triarylborons; * if the aniline—boron trifluoride complex were of structure (I), 
reaction with phenylmagnesium bromide would be expected to yield aniline—triphenyl- 


TABLE 5. Ultraviolet spectra of aniline, aniline—boron trifluoride and aniline—boron 
trichloride in tetrahydrofuran solution. 


Amaz. € Amin. € €max./€min. 
BON esccdidsitivvcsiss 292 2070 265 650 3-19 
Aniline, BF, ............ 292 3900 265-5 1360 2-87 
Aniline,BCl, ............ 291 1390 266 540 2-57 


boron (XIII), a compound previously prepared * from aniline and triphenylboron. How- 
ever, anilinodiphenylboron (XIV) was produced, consistent with the “ x-complex ” 


a Krause et al., Ber., 1922, 55, 1261; 1926, 59, 777; 1930, 68, 934; 1931, 64, 2112; Wittig and 
Hertwig, Chem. Ber., 1955, 88, 962. 
* Krause, Ber., 1924, 57, 813. 
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structure (VII; X =F). The isolation of anilinodiphenylboron is not, however, compel. 
ling evidence of “ x-complex” structure (VII), because after reaction of the Grignarg 


| | 
(1) pt — adh Saha (XIII) 


reagent with the active hydrogen, intermolecular or intramolecular elimination of the 
magnesium dihalide could occur from structure (I); however, intermolecular elimination 
would be expected to yield preferentially the hexaphenylborazole. m-Toluidine-borop 
trifluoride and n-butylmagnesium bromide gave m-tolylaminodi-n-butylboron, but the 
reaction of aniline—boron trifluoride and trichloride with n-butylmagnesium bromide 
appears to be more complicated. 
EXPERIMENTAL 

Preparation of 1: 1 Complexes of Boron Trichloride with Aniline, p-Toluidine, p-Bromoaniline, 
and p-Chloroaniline.—The amine (1-0 mol.) in methylene dichloride was added dropwise to 
boron trichloride (1-02—1-05 mol.), at — 80°, in the same solvent. The insoluble complex was 
filtered off at room temperature (Table 6), and the filtrate evaporated to dryness under reduced 
pressure to afford the impure arylaminoboron dichloride [the impurity was the corresponding 
N-triaryl-B-trichloroborazole (CIBNAr);, indicated by the appearance of a band in the region 
of 1410 cm.]. Attempts to recrystallise the arylaminoboron dichlorides were unsuccessful. 


TABLE 6. 1:1 Aromatic amine-boron trichloride complexes and arylamino- 
boron dichlorides. 
Ar-NH,,BCl, 
Found (%) Required (%) 


M. P- ~ ; meer — a 
(decomp.) N e.h.Cl * B N e.h.Cl 

140° . 50-4 50-6 
145—150 . 46-8 47-4 





5 
4: . 
300 , 37-0 3- P 36-8 
, 4 , 


42-6 t 
Ar-NH-BCl, 
Found (%) Calc. (% 
-.. SS -. A 
e.h.Cl B e.h.Cl 
41-9 6-4 ° 40:8 
34-7 6-0 ° 37-7 
24-7 5-1 . 28-0 . 
30-1 5-4 , 34-0 5. 
* Easily hydrolysed chlorine. { Total chlorine: Found, 58-3. C,H,BCl,N requires Cl, 58-5%. 


43-5 








Reaction of p-Anisidine with Boron Trichloride.—p-Anisidine (52-46 g., 1-0 mol.) in methylene 
dichloride (200 ml.) was added in 2 hr. to boron trichloride (52-49 g., 1-05 mol.) in the same 
solvent (100 ml.) at —80°. The first-formed violet complex dissolved on attaining room 
temperature. The solution was filtered (insoluble, 0-56 g., 0-5%) and the filtrate evaporated 
under reduced pressure, giving a mixture of p-anisidine—boron trichloride complex and p-meth- 
oxyphenylaminoboron dichloride (94-9 g.) (Found: N, 6-1; Cl, 39-0; B, 4:9. Calc. for 
C,H,BCI,NO: N, 5-8; Cl, 44:3; B,4-5. Calc. forC,H,BCl,NO: N, 6-9; Cl, 34:7; B, 5-3%). 

Hydrolysis of Reaction Products of p-Anisidine and Boron Trichloride.—The mixture of p- 
anisidine—boron trichloride and p-anisylaminoboron dichloride (3-18 g.) was hydrolysed with 
10% sodium hydroxide solution (10 ml.); the solution was saturated with carbon dioxide and 
extracted with ether. The extracts were combined, dried (MgSO,), filtered, and evaporated 
to afford p-anisidine (1-22 g., 78%), m. p. 53—54°; no p-aminophenol was isolated, consequently 
there was no ether fission on addition of boron trichloride to p-anisidine. 

Reaction of m-Toluidine with Boron Trichloride——m-Toluidine (21-11 g., 1-0 mol.) im 
methylene dichloride (50 ml.) was added (1 hr.) to boron trichloride (24-20 g., 1-05 mol.) in the 
same solvent (50 ml.) at —80°. After attaining room temperature, the white crystalline m- 
tolylammonium tetrachloroborate (8-23 g.) (Found: N, 5-7; Cl, 53-2; B, 41. C,H,)BCIN 
requires N, 5-4; Cl, 54:3; B, 4-1%) was filtered off, and, on cooling of the blue filtrate, a white 
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crystalline m-tolwidine—boron trichloride complex (20-81 g.) (Found: N, 6-1; Cl, 47-6; B, 4-7. 
C,H,BCI,N requires N, 6-2; Cl, 47-5; B, 4:8%), m. p. 130—140° (decomp.), was filtered off. 

Reaction of Diphenylamine with Boron Trichloride.—Diphenylamine (14-75 g., 1-0 mol.) in 
methylene dichloride (50 ml.) was added in 1 hr. to boron trichloride (10-27 g., 1-02 mol.) in the 
same solvent (50 ml.) at —80°. On attaining room temperature the white insoluble diphenyl- 
ammonium tetrachloroborate (5-14 g., 0-18 mol.) (Found: N, 4-5; Cl, 44-9; B, 3-7. Calc. for 
Cy:H,,BC],N: N, 43; Cl, 44:2; B, 3-4%) was filtered off. The filtrate was concentrated under 
reduced pressure to yield the crystalline diphenylamine—boron trichloride complex (7-34 g., 
0-30 mol.), which was filtered off and washed with benzene (Found: N, 5-0; Cl, 37-6; B, 3-7. 
Calc. for C,,H,,BCI,N: N, 4:9; Cl, 37-2; B, 3-8%). 

Preparation of Primary Aromatic Amine—Boron Trifluoride Complexes.—The primary aro- 
matic amine (1-0 mol.) in ether was added dropwise to boron trifluoride-ether complex (1-1 mol.) 
in ether, to yield the insoluble 1 : 1 complex (Table 7). 


TABLE 7. 1:1 Complexes of primary aromatic amines and boron trifluoride, Ar‘NH,,BFs. 
Yield Found (%) Required (%) 

(%) M. p. Cc H N Cc H N 

164—166° 44-8 4-7 8-7 44-7 4-4 4 

p-C,H,Me 47-7 4-9 8-0 48-1 5-2 8-0 

m-C,H,Me 8-0 8-0 

Thermal Decomposition of 1: 1 Primary Aromatic Amine—Boron Trichloride Complexes.—The 
aniline—boron trichloride (4-86 g., 1-0 mol.) was heated under reflux in benzene (100 ml.), and 
the hydrogen chloride evolved (1-68 g., 1-99 mol.) was collected on potassium hydroxide pellets 
(see Fig. 2); there was no evidence that boron trichloride was evolved during the decomposition. 
The benzene solution was reduced to 30 ml. and, on cooling, B-trichloro-N-triphenylborazole 
separated as white needles (2-22 g., 70%) (Found: N, 10-1; Cl, 25-7; B, 7-8. Calc. for 
C,.H,,;B,Cl,N;: N, 10-2; Cl, 25-8; B, 7-9%). 

The p-toluidine—boron trichloride complex (8-51 g.) was heated similarly in benzene (100 ml.) ; 
hydrogen chloride (2-72 g., 1-98 mol.) was evolved. Concentration of the benzene solution to 
30 ml. and cooling yielded solvated B-trichloro-N-tri-p-tolylborazole (3-51 g., 61%) (Found: N, 
8-8; Cl, 21-5; B, 6-6. C,,H,,B,Cl,N;,0-5C,H, requires N, 8-6; Cl, 21-6; B, 66%). The 
p-bromoaniline—boron trichloride complex (38-71 g.), heated in benzene (200 ml.), evolved 
hydrogen chloride (9-70 g., 1-98 mol.) and gave the insoluble solvated N-tri-p-bromophenyl-B- 
trichlorobovazole (24-91 g., 86-3%) (Found: N, 5-8; Cl, 14:5; B, 4-4. C,,H,,Br,Cl,B,N,,C,H, 
requires N, 5-8; Cl, 14-6; B, 4-5%). 

The mixture (41-54 g.) of p-anisidine—boron trichloride and p-anisylaminoboron dichloride 
was heated under reflux in toluene (250 ml.), whereupon hydrogen chloride [7-94 g., 1-26 mol. 
based on reaction (2)] was evolved. Part of the toluene was evaporated, and hexane added, 
yielding impure material which on recrystallisation from benzene gave N-tri-p-anisyl-B-trichloro- 
borazole (15-27 g., 46%) (Found: N, 7-7; B, 6-0. C,,H,,B,Cl;N,0,,0-5C,H, requires N, 7-8; 
B, 6-0%). 

The aniline—boron trichloride complex (1-79 g.) was heated at 110° (6 hr.) without decom- 
position. At 135° (5 hr.) it became yellow and began to decompose with elimination of hydrogen 
chloride (0-05 g.). At 140° the material melted to a dark brown viscous liquid, and during 
12 hr. hydrogen chloride (0-31 g.) was evolved. The total loss in weight (0-46 g.) corresponded 
to 1-5 mol. of hydrogen chloride [based on reaction (2)], and no condensate was obtained in a 
cold trap. Analysis of the black viscous residue was erratic. 

The p-bromoaniline-boron trichloride complex (5-01 g.), heated at 140° (4-5 hr.), evolved 
only hydrogen chloride (0°13 g.)._ At 160° (4-5 hr.) more hydrogen chloride (0-90 g., total 82%) 
was evolved, and during the next 6-5 hr. 0-11 g. was evolved [total, 1-13 g., 90%]. No boron 
trichloride was evolved, and a mixture of N-tri-p-bromophenyl-B-trichloroborazole and 
p-bromophenylaminoboron dichloride (3-88 g., 103% calc. as chloroborazole) (Found: N, 6-3; 
Cl, 20-4; B, 42%). At 160—180°/0-5 mm. (2 hr.) this mixture (1-91 g.) gave hydrogen chloride 
(0-09 g.) which constituted a loss beyond the chloroborazole stage, indicated also by analysis 
(Found: N, 6-6; Cl, 13-7; B, 55%; N:Cl: B= 1-0: 0-8: 1-0). 

Interaction of Aniline—Boron Trichloride with Pyridine——Pyridine (1-87 g., 2-0 mol.) in 
benzene (20 ml.) was added dropwise to a suspension of aniline-boron trichloride (2-45 g., 
1-0 mol.) in the same solvent (50 ml.) with constant shaking. The solvent was removed under 





4036 Chemistry Related to Borazole. Part I. 


reduced pressure to afford a white residue (3-99 g.). A portion (2-76 g.) of the residue wag 
heated at 80°/0-01 mm. (2 hr.), yielding a white sublimate of pyridine hydrochloride (0-78 g., 
0-91 mol.) (Found: Cl, 30-6. Calc. for C;H,CIN: Cl, 30-7%), and a white non-hygroscopic 
residue (1-99 g.) of the impure phenylaminoboron dichloride—pyridine complex (Found: N, 10-5; 
Cl, 31-0; B, 4-0. C,,H,,BCI,N, requires N, 11-1; Cl, 28-0; B, 43%). Attempts to obtain the 
pure complex by recrystallisation were unsuccessful. 

Interaction of p-Bromoaniline—Boron Trichloride with Pyridine.—Pyridine (6-85 g., 2-0 mol) 
in methylene dichloride (25 ml.) was added (1 hr.) to a suspension of the complex (12-52 g, 
1-0 mol.) in the same solvent (25 ml.). Volatile matter (63-7 g.) was removed under reduced 
pressure and trapped at —80°; a residue (19-73 g.) was left. The cold-trap condensate gaye 
methylene dichloride (63-1 g., 99-1%), b. p. 40—41°, m,,° 1-4249, and no pyridine was isolated, 
A portion (6-19 g.) of the residue was heated in a sublimation-apparatus for 2 hr. at 80°/0-01 mm,, 
yielding pyridine hydrochloride (0-54 g., 0-91 mol.) (Found: Cl, 30-5%), and a final residue 
(5-60 g.) of impure p-bromophenylaminoboron dichloride—pyridine complex (Found: N, 17:5; 
Cl, 24:2; B, 2-7. Calc. for C,,H,,BBrCl,N,: N, 8-8; Cl, 21-4; B, 3:3%). Infrared examin- 
ation of the residue showed it to be essentially free from pyridine hydrochloride. The pri 
product (5-04 g.) was heated for 3 hr. at 120°/0-01 mm., and a sublimate of pyridine hydro- 
chloride (1-72 g., 1-34 mol., increased only to 1-83 g., 1-43 mol., during next 3 hr.) was obtained, 
The increased yield of pyridine hydrochloride at the higher temperature was due to the decom- 
position of the p-bromophenylaminoboron dichloride—pyridine complex. 

Reaction of Cyclohexylammonium Tetrachloroborate with Pyrdine.—Pyridine (1-84 g., 10 
mol.) in chloroform (25 ml.) was added dropwise (20 min.) to the tetrachloroborate (5-87 g,, 
1-0 mol.) suspended in the same solvent (35 ml.). The white gelatinous material formed im- 
mediately changed overnight into crystalline cyclohexylammonium chloride (3-34 g., 1-0 mol.) 
which was filtered off (Found: N, 10-3; Cl, 26-2. Calc. for CgH,,CIN: N, 10-3; Cl, 26-2%). 
The filtrate was evaporated under reduced pressure, to yield impure pyridine—boron trichloride 
(3-81 g., 3-62 g., after being washed with water and dried) (Found: Cl, 54:2; B, 5-4; C,H,N, 
40-0. Calc. for C,H,BCI,N: C, 54:3; B, 5-5; C,H,;N, 40-3%). 

Interaction of Aniline-Boron Trifluoride with Tetrahydrofuran.—The complex (4-68 g., 10 
mol.) was dissolved in tetrahydrofuran (38-34 g., 17-78 mol.), affording a slightly yellow solution, 
which slowly darkened. Tetrahydrofuran (37-81 g., 17-55 mol.), b. p. 68°, 1," 1-4063, was 
removed at 15 mm., and trapped at —80°, leaving aniline—boron trifluoride (4-67 g., 0-99 mol.) 
(Found: N, 8-6. Calc. forC,H,BF,N: N, 8-7%). 

Interaction of Aromatic Amine—Boron Trifluoride Complexes with Grignard Reagents.—Bromo- 
benzene (164 g., 5-05 mol.) in ether (250 ml.) was added slowly to a suspension of aniline—boron 
trifluoride (33-32 g., 1-00 mol.) and magnesium (25-50 g., 5-06 g. atom) in ether (250 ml.) con- 
taining a crystal of iodine. The solution was stirred and, when the reaction was complete, the 
products were hydrolysed by slow addition of saturated ammonium chloride solution (500 ml.} 
until two layers were obtained; continuous extraction with ether afforded brown needles of 
anilinodiphenylboron (17-0 g.) (Found: N, 5-5; B, 4:2. C,,H,,BN requires N, 5-5; B, 4-2%). 
Addition of hexane to the ethereal filtrate afforded a further crop (10-3 g., total yield 51-3%) 
(Found: N, 5-5; B, 42%). Recrystallisation from hot benzene gave white needles, m. p. 236° 
(decomp.) (Found: N, 5-5; B, 42%; M, 259. C,,H,,BN requires M, 257). 

Formation of Di-n-butyl-m-tolylaminoboron.—n-Butyl bromide (49-79 g., 6-03 mol.) was 
added during 3 hr. to a suspension of m-toluidine—boron trifluoride (10-52 g., 1-0 mol.) and 
magnesium (8-52 g., 6-0 g.-atom) in ether (250 ml.) containing a crystal of iodine. The butane 
evolved (3-05 g., 0-87 mol.) and collected at —80° was identified by its vapour spectrum. 
Hydrolysis with a saturated ammonium chloride solution (200 ml.) until the mixture separated 
into two phases, and continuous extraction with ether afforded, after removal of ether at 15 mm., 
a mobile yellow liquid (18-18 g.). Distillation gave di-n-butyl-m-tolylaminoboron (12-69 g., 
72-5%) (Found: N, 6-1; B, 4-7. C,,;H,,BN requires N, 6-1; B, 4-7%), b. p. 54—56°/0-05 mm., 
n,** 1-4755, d?° 0-8673. 


We are grateful to the National College of Rubber Technology, Northern Polytechnic, for 
making available a Grubb—Parsons double-beam spectrometer, and to Mr. H. A. Willis for 
valuable and detailed comments on the infrared spectra. 
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796. Interaction of Boron Chlorides with Dialkyl or Diaryl 
Hydrogen Phosphites. 
By R. BEpELL, M. J. FRAZER, and W. GERRARD. 


Dialkyl hydrogen phosphites form 1:1 complexes, (RO),PH(:O),BCI,, 
which extrude alkyl chloride by a carbonium-ion mechanism. Hydrogen 
chloride is also formed, and the resulting network of O-P-O-B- links is 
ultimately found as boron phosphate. Diphenyl hydrogen phosphite and 
boron trichloride gave hydrogen chloride and primarily dichloroboron di- 
phenyl phosphite, (PhO),P-O-BCl,, which reacted further in accordance with 
the low electrophilic function of phenyl. Alkyl halide is eliminated on inter- 
action of phenylboron chlorides and dialkyl hydrogen phosphites. 


TRIALKYL PHOSPHITES and boron trichloride readily exchange alkoxyl and chlorine 
when the alkyl group is of ordinary reactivity, as with n-butyl;+ triphenyl phosphite 
reacted similarly,? there being no evidence of prior formation of a complex. Trialkyl 
phosphates, however, do form complexes, (RO)3P(:O),BCl,, which on being heated extrude 
alkyl chloride and form compounds with a network of O-P-O-B- linkages.* Similar 
complexes from triaryl phosphates are thermally stable.2 It was therefore pertinent to 
examine the hydrogen phosphite esters. 

Dialkyl hydrogen phosphite, (RO),PHO (R = Et, Pr, Pr’, Bu®, Bu!, or 1-methyl- 
heptyl), immediately formed the complex, (RO),PH(:O),BCl,, which as shown by infrared 
spectra entails co-ordination between boron and the double-bonded atom of oxygen. 
When R = Et, Pr*, or Bu", the complex gave alkyl chloride very slowly at 20°, but when 
heated in stages to 300°, evolves alkyl chloride (~2 mol.), mainly (1-5 mol.) at 50—80°. 
Hydrogen chloride was evolved more slowly, and even at 300° the solid residue contained 
easily hydrolysed chlorine. 

The isopropyl complex decomposed steadily at 20°, giving isopropyl chloride (1-07 mol. 
in 0-5 hr.); otherwise the results were similar; and not only was the isobutyl rather less 
stable than the n-butyl complex, but the alkyl chloride evolved comprised a mixture of 
isobutyl (~30%) and t-butyl (~70%) chloride. Further, the complex from the (+)-l- 
methylheptyl ester gave the racemised alkyl chloride (2 mol.) in 70 hr. at 20°; and the 
rate of decomposition of the n-propyl complex at 20° was considerably increased by ferric 
chloride. These results point to the extrusion of alkyl chloride by a carbonium-cation 
mechanism. The first stage of the reaction may be depicted as follows: 


ROY. gs hes 
— e RH CI-+ 
ro” So-+sci, oF osc, 


It is believed that hydrogen is eliminated as hydrogen chloride when the electron 
density on a phosphorus atom has been sufficiently reduced by attachment to 
two boron-oxy-groups, which will involve strong back co-ordination from oxygen to 


t) (x 
boron,* -O-B-O-P-O-B-O-. When each residue is heated to 900° in an open crucible 


boron phosphate, [PBO,],, is produced, containing substantially all the phosphorus and 
boron. 


Diphenyl hydrogen phosphite gave no apparent complex; but at 20° it gave hydrogen 
chloride (0-93 mol.) and the compound (PhO),P-O-BCl,, as indicated by infrared spectrum 
which showed the presence of P-O-B and BCI, groupings. This result could be due to 


: Gerrard and Lindsay, Chem. and Ind., 1960, 152. 
* Frazer, Gerrard, and Patel, Chem. and Ind., 1959, 90, 728; J., 1960, 726. 
* Gerrard and Griffey, Chem. and Ind., 1959, 55. 
‘ "ee Gerrard, Lappert, and Shafferman, J., 1958, 2895. 
oO 
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the preferential replacement on hydrogen because of the low electrophilic function of 
phenyl, or to a 4-centre broadside reaction between boron trichloride and the enolic form 
of the hydrogen phosphite. 
HP(OPh),]* 
(PhO),P=O,BCl, —— CI- + | | ] —> HC! + (PhO),PO°BCI, 
O-BCl, 

Phenylboron dichloride reacted with diethyl hydrogen phosphite at 20°, giving ethy] 
chloride (1-9 mol.) during 48 hr. The residual infusible solid was soluble in methylene 
chloride, precipitated by pentane, and from analysis and infrared spectrum appeared to be 
(PhBO,;PH),, with the P-H bond intact. Phenylboronic acid was obtained by hydrolysis 
with hot water. 

DiphenyJboron chloride and di-n-butyl hydrogen phosphite gave n-butyl chloride 
(0-97 mol.) at 20° (17 days), but the white crystals, m. p. 126°, which were soluble in 
methylene dichloride (precipitated by pentane), although analysed, were not further 
characterised, the main point in these exploratory experiments being to show the formation 
of alkyl chloride. 


EXPERIMENTAL 


Dialkyl Hydrogen Phosphites and Boron Trichloride.—General procedure. The hydrogen 
phosphite (1 mol.) and boron trichloride (1 mol.) were mixed at —80°. Easily hydrolysed 
chlorine (e.h. Cl) and weight stability at 20°/20 mm. indicated 1: 1 complex formation. This 
primary product was heated at the stated temperature, volatile matter being trapped at — 80°, 
and in an alkali trap (for HCl). Alkyl chloride and hydrogen chloride were estimated by 
titration, analysis, and gas-chromatography. The weighed residue, which still contained 
easily hydrolysed chlorine, was heated at a higher temperature, volatile matter being again 
dealt with as stated. Finally, the residue was heated in an open crucible to about 900°, to 
obtain crystalline boron phosphate, the analysis of which usually conformed well with the 
calculated values (P, 29-3; B, 10-2%). Up to about 300°, essentially all the phosphorus and 
boron were in the residue; but at the higher temperatures there was some loss, especially of 
phosphorus, which appeared as phosphine and the element. 

Results.—These are recorded in the table. 


Rin Time RCl HCl Rin Time RCl HCl 
(RO),PHO Temp. = (hr.) (mol.) (mol.) (RO),PHO Temp.  (hr.) (mol.) (mol.) 
BS? Bakane 100° 2 1-93 0-40 BN os ctiastes cs 80° 0-5 1-80* 0-28 
250 2 — 0-06 180 1 
BPP. secdscntenss 80 1-75 1-23 ¢ —- 300 6 0-06 0-3 
200 1 0-63 Trace BEE ncocete eens 120 0-33 1-13 0-2 
300 5 0-09 0-18 230 2 0-9* 0-4 
PMO - scscais 20 3 16%4 0-564¢ 
a sacubietaede 20 0-08 107% 0-07 
20 30 0-16 
300 2 0-54 0-41" 


* B. p. 46° (Found: Cl, 45-8. Calc. for C,H,Cl: Cl, 45-2%). * In presence of ferric chloride (2% 
by wt.). * B. p. 46° (Found: Cl, 45-2%). 4 Both withdrawn at 20°/20 mm. ¢ Residue (Found: 
e.h. Cl, 18-7%). / At 20°/18 mm. 2% B. p. 34-5° (Found: Cl, 45-2%). * Residue (Found: e.h. Cl, 
63%). ‘ B. p. 76-8° (Found: Cl, 38-0. Calc. for C,H,Cl: Cl, 38-56%). 4 By gas chromatography, 
Bu'Cl (0-3 mol.), Bu'Cl (0-8 mol.). * Similarly, Bu'Cl (0-3 mol.), Bu‘Cl (0-6 mol.). 


(+-)-Di-(1-methylheptyl) Ester —The ester (5-09 g.; «,?° + 12-24°) gave a complex which lost 
chlorine as alkyl chloride at 20° at such a rate that the easily hydrolysed chlorine content fell 
from 25-2% to 8-5% in 70 hr., and this corresponds to the formation of 2 mol. of alkyl chloride, 
which was extracted with methylene chloride (Found: Cl, 23-2. Calc. for C,H,,Cl: Cl, 23-9%); 
it had a," +0-10°. 

When the complex was heated in stages to 250°, hydrogen chloride (0-95 mol.) was evolved, 
and eventually boron phophate (0-365 g. from 0-395 g. of residue) (Found: P, 29-1; B, 10-5%) 
was obtained. 

Diethyl Hydrogen Phosphite and Phenylboron Dichloride.—The ester (10-9 g., 1 mol.) and the 
dichloride (12-5 g., 1 mol.) were mixed at 0°. Ethyl chloride (6-2 g., 1-2 mol.) was steadily 
evolved at 20° (72 hr.), and at 20°/20 mm. (2-7 g., 0-53 mol.) (2 hr.), leaving a white solid 
(14-5 g.) which contained entrapped cthyl chloride bringing the total yield to 9-87 g., 1-9 mol. 





—— | 
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The white residue did not melt up to 300°. This substance was soluble in methylene chloride, 
from which it was precipitated by pentane (Found: P, 18-1; B, 6-4. C,H,O,PB requires P, 
18-5; B, 65%). The infrared spectrum showed retention of the phosphorus—hydrogen bond. 
Hydrolysis afforded phenylboronic acid (90%), m. p. 216—218° (Found: B, 8-6. Calc. for 
C,H,O0,B: B, 8-9%). 

Di-n-butyl Hydrogen Phosphite and Diphenylboron Chlovide.—The ester (8-65 g., 1 mol.) was 
added to the chloride (8-95 g., 1 mol.) at 0°. At 20° n-butyl chloride (4-0 g., 0-97 mol.) was 
formed during 17 days, and then removed at 20°/20 mm. (Found: Cl, 38-2%). The residue 
(13-6 g.) was soluble in methylene dichloride and was precipitated therefrom by pentane. The 
solid, m. p. 126° (Found: C, 64-2; H, 6-4; P, 9-6; B, 334%; M, 312-4), was not examined 
further. 

Diphenyl Hydrogen Phosphite and Boron Trichloride.—The ester (10-0 g., 1 mol.) and boron 
trichloride (7-1 g., 1-4 mol.) were mixed at —35°. As the system warmed to 0°, there was a 
copious evolution of hydrogen chloride (alkali trap became hot), but there was no vapour 
condensable at —80°. At 20° boron trichloride (2-0 g., 0-4 mol.) and hydrogen chloride (total, 
1-45 g., 0-93 mol) were evolved. Of the yellow liquid residue (13-8 g.) (Found: Cl, 23-0; P, 
9-6; B, 3:3. Calc. for C,,H,,BCI,O,P: Cl, 22-5; P, 9-8; B, 3-4%), 13-0 g. were heated at 
0-5—0-1 mm. to afford phenyl phosphorodichloridite (2-55 g.) (trapped at —80°) (Found: Cl, 
35-7; P, 15-4. Calc. for C,H,C1,OP: Cl, 36-4; P, 15-9%), and triphenyl borate (4-7 g.), b. p. 
155°/0:05 mm., m. p. 89° (Found: B, 3-6. Calc. for C,,H,,BO,: B, 3-7%). From the solid 
residue (2-75 g.) triphenyl borate (1-6 g.) was extracted by pentane, to leave a yellow solid 
(1-2 g.) which did not melt below 300° (Found: Cl, 0; P, 20-5; B, 10-0%). The alkali trap 
attached to the distillation apparatus contained chloride ion (1-17 g.) and phosphorus (0-33-g.) 
corresponding to 1-5 g. of phosphorus trichloride, and only a trace of boron. 


NORTHERN PoLtyTEcuNic, HoLttoway Roap, Lonpon, N.7. (Received, March 24th, 1960.] 





797. The Kinetics and Mechanisms of Aromatic Halogen Substitution. 
Part VIII. Chlorine Acetate in Slightly Aqueous Acetic Acid. 


By P. B. D. DE LA Marg, I. C. Hirton, and C. A. VERNON. 


The absorption spectra of solutions of chlorine acetate and of hypo- 
chlorous acid in mixtures of acetic acid and water have been measured. 
The results indicate that chlorine acetate is nearly completely converted 
into hypochlorous acid by hydrolysis in 99-5% acetic acid; the equilibrium 
constant for the formation of chlorine acetate by the reaction: CIOH + 
HOAc [> ClOAc + H,O is about 0-0025. The kinetics of chlorination 
of toluene and of anisole have been measured in slightly aqueous acetic 
acid containing hypochlorous acid. Evidence has thereby been obtained 
for chlorination by molecular chlorine acetate, and by its protonated 
derivative; the rate of formation of the former can be rate-determining 
for anisole, and for other sufficiently reactive aromatic compounds. 


In water, in the absence of nucleophilic ions other than the perchlorate ion, aromatic 
chlorination by hypochlorous acid follows kinetic forms > which have been interpreted 
as indicating chlorination through CIOH,*, the hypochlorous acidium ion,®*5 and Cl*, 
the chlorinium ion *“ (reactions 1, 2): 
CIOH — Ci+ + OH- sk Ra ce (1) 
CIOH + H+ == CIOH,+; CIOH,t}—w» CIt+H,O ...... @& 


Added anions, X~, of appropriate nucleophilic power, can divert the reaction through 
other chlorinating species, as shown in egn. (3). In mixtures of water and hydroxylic 


? Part VII, de la Mare, Harvey, Hassan, and Varma, /., 1958, 2756. 
? de la Mare, Hughes, and Vernon, Research, 1950, 3, 192. 

* de la Mare, Ketley, and Vernon, J., 1954, 1290. 

* Swain and Ketley, J]. Amer. Chem. Soc., 1955, 77, 3410. 

* Derbyshire and Waters, J., 1951, 73. 
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solvents, such species must always be considered as possible carriers of electrophilic 
chlorine, as must their protonated forms, since they can be formed by equilibria of the 
types shown in eqn. (4). Such equilibria sometimes introduce ambiguity into the kinetic 
interpretation of chlorination in such mixed solvents, whether the chlorine is supplied as 
molecular chlorine or as hypochlorous acid. 


CIOH,* + X- === CIX + H,O OG, ale ae wi a 
CIOH + HOAc === CIOAc + H,O; CIOAc + Ht === CIOACH* «www. 4) 


This investigation provides some new spectrophotometric and kinetic evidence con- 
cerning the existence and mode of action of chlorine acetate and its protonated form in 
acetic acid containing small amounts of water. 


EXPERIMENTAL 


Some of the materials and the general methods have been described elsewhere.*** Solvents 
specified as *% acetic acid contained (100 — x) ml. of water per 100 ml. of solution; these 
were prepared by addition of water, or of an aqueous solution, to acetic acid, or to chlorine 
acetate solutions, of known water content, this being determined from the f. p. as measured 
by use of a thermometer calibrated by the N.P.L. It was assumed that the f. p. of pure acetic 
acid is 16-65°,’ and appropriate correction was made, where necessary, for the presence of other 
solutes, by using the molal f. p. depression constant of acetic acid,® viz., 3-90. 

An expression such as “‘ hypochlorous acid ” specifies all species in mobile equilibrium and 
analysable as hypochlorous acid by the usual method. All reactions were at 25° except where 
otherwise stated, and rate coefficients are means of values substantially constant over at least 
50% of the reaction; they have been calculated by conventional formule. The compounds 
used had the following properties: toluene, b. p. 110°, 2,** 1-4940; m-xylene, b. p. 139°, n,% 
1-4946; anisole, b. p. 153°/760 mm.; they had been carefully fractionally distilled before use. 

Solutions of chlorine acetate were prepared as has been described elsewhere.* “2° Chlorine 
was bubbled into a solution of mercuric acetate in acetic acid; the mixture was shaken, and 
then distilled under reduced pressure, care being taken to exclude moisture. The first fractions 
were colourless, and contained reactive chlorine, as determined by titration with sodium thio- 
sulphate. The solution was stable for considerable periods. It was very reactive; the initial 
second-order rate-coefficient for the reaction with toluene for one such solution was 17 1. mole™ 
min.!, but the kinetic forms were not followed in detail under these conditions because the 
reactions were very sensitive to the presence of traces of water. 

Spectra of Solutions of Chlorine Acetate and of Hypochlorous Acid in Acetic Acid.—The 
spectra of solutions of chlorine acetate (prepared as described above), of mixtures of this with 
water, and of mixtures of hypochlorous acid and acetic acid, were determined in l-cm. cells by 
the use of a Unicam S.P. 500 spectrophotometer. A blank, which contained only the solvent, 
was used in all the measurements. The solvent was not transparent enough for measurements 
to be made below about 2500 A. 

Fig. 1 shows the results obtained when small amounts of water were added to a solution 
of chlorine acetate in nearly anhydrous acetic acid. It was noted that, in the solutions to which 
water had been added, the extinction coefficient at 2500 A gradually fell to a constant value, 
and the graphs refer to spectra determined after this change was complete. These results 
show clearly that two absorbing species are in equilibrium, since the final spectra pass through 
an isosbestic point at 3040 A. The equilibrium is not established instantaneously under these 
conditions. 

Proof that hypochlorous acid is the main chlorine-containing species when more than about 
0-5% of water is present in the solvent comes from comparison of Fig. 1 with Fig. 2. The 
latter shows the spectra of hypochlorous acid in water (graph £) and in aqueous acetic acid 
(composite graph F), prepared by diluting aqueous hypochlorous acid with acetic acid. All 


* de la Mare and Robertson, J., 1943, 276, 279. 

7 Hall and Voge, J. Amer. Chem. Soc., 1933, 55, 239. 

* Eichelberger, ibid., 1934, 56, 799. 

* de la Mare, Ketley, and Vernon, Research, 1953, 6, 12s. 
1° Anbar and Dostrovsky, J., 1954, 1094, 1105. 
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these spectra have two rather broad absorption bands of low intensity, though the maximum 
of the band at ca. 2370 A, observed in water, cannot be reached in acetic acid because the 
solvent is not sufficiently transparent. Change in the solvent from water towards acetic acid 
has some effect on the detailed form of the curve, but the spectra in 74%, 96%, and 98% acetic 
acid are almost identical, and are identical also with that (curve D, Fig. 1) of a solution of 
chlorine acetate to which water had been added in sufficient amount to ensure complete 
hydrolysis. 

Solutions containing less than about 0-5% of water clearly contain some other chlorine- 
containing species. This is identified as chlorine acetate from its method of formation and 


Fic. 1. Absorption spectra of solutions of 
chlorine acetate in aqueous acetic acid. 
Fic. 2. Absorption spectra of hypochlorous acid in 
water and in aqueous acetic acid. 
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from its spectrum, which accords with that observed by Anbar and Dostrovsky ™ for chlorine 
acetate in carbon tetrachloride. The extinction coefficient (ec) at the maximum (2500 A) for 
a solution in 99-9% acetic acid (Fig. 1) could be increased by adding a little acetic anhydride 
to the medium, and values of 229 and 245 were recorded in this way on different specimens; 
in the latter case, the attainment of equilibrium was catalysed by the presence of a trace of 
sulphuric acid. Anbar and Dostrovsky ™ recorded a value of €y599 = 240 for chlorine acetate 
in carbon tetrachloride. 

Using this value for chlorine acetate, and €g59, = 70 for hypochlorous acid, we can calculate 
the ratio of chlorine acetate to hypochlorous acid for the solutions for which absorption spectra 
are plotted in Fig. 1. The f. p.s of these solutions were determined, and these allow estimates 
to be made also of the amounts of water in these solutions; so data are available for estimating 
the equilibrium constant for the reaction: CIOH + HOAc =™CIOAc + H,O. The Table 
summarizes the data, and compares the observed values of the extinction coefficients with 
those calculated for the relation: 


K = [CIOAc][H,0}/[CIOH)[HOAc] = 0-0025 


The agreement is fair, consideration being given to assumptions which have been made in 
the treatment, and the difficulties of the experimental measurements. It is clear that chlorine 
acetate is half-converted into hypochlorous acid by the addition of ca. 0-044m (0-08%,) water, 
and that the equilibrium constant for the above equilibrium is of the order indicated. Better 
accordance between observed and experimental values would be obtained if the maximum 
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extinction coefficient of chlorine acetate in acetic acid were 230, as compared with 240 in carbon 
tetrachloride. Since there seems little doubt that water is considerably associated in acetic 
acid, and since acetic acid itself exists to some extent as dimer,™ a full investigation of this 
system would require consideration of the activities of acetic acid and of water in these solvents, 
and this would go beyond the scope of this study. 


Freezing points and extinction coefficients of solutions of chlorine acetate 

im aqueous acetic acid. 

F. p. of H,O (%) [ClOAc}/[ClIOH] 

solvent in solvent * (calc. from Eg599) bs. calc. 

16-63° 0-00 (00) + 240 t (240) + 

16-47 0-07 1-4 169 160 

16-29 0-16 0-33 112 125 

16-00 0-31 0-20 98 104 

14-80 1-00 0 70 (70) 


* From f. p., allowance being made for the presence of 0-005m-ClOAc. 
¢ Values in parentheses are assumed. t In CCl; ref. 10. 


Kinetic Measurements.—The kinetics were followed by conventional methods. Preliminary 
measurements were made with solutions in acetic acid, to which were added the appropriate 
quantities of aqueous solutions of hypochlorous acid and other materials. Silver ions were 
always present in sufficient amount to prevent reaction through free chlorine. It was found 
more convenient, for the measurements recorded here, to use solutions of chlorine acetate in 
acetic acid, to which were added the appropriate aqueous solutions. These mixtures were 
allowed to attain equilibrium in the thermostat; the reaction was then started by addition 
of the aromatic compound. The following is a typical kinetic run, for anisole (0-033M) with 
“ hypochlorous ”’ acid (0-004m) and silver perchlorate (0-01m) in 96-7% acetic acid. 

Time (min.) 0-42 » 0-84 1-30 1-77 2-28 

Titre (ml. of 0-005n-Na,S,O,) 5-18 3-48 2-43 1-58 

. 0-85 0-84 0-82 0-83 


The following results show the effect of varying the composition of the solvent, for 0-03— 
0-04m-anisole with 0-003—0-007m-chlorine acetate and 0-006—0-01m-silver perchlorate: 


Solvent (% HOAc) 99-5 99-2 98-7 97-7 96-7 95-0 
k, (min=-*) 1-1 0-59 0-45 0-64 0-85 1-8 


The reaction went to completion within 0-3 min. when silver perchlorate was absent; addition 
of more than 0-006m-silver perchlorate had little effect on the rate. The following are the 
results of varying the concentration of anisole and of added electrolytes, for chlorine acetate, 


0-002—0-007M; and silver perchlorate, 0-006m in 98% acetic acid. Concentrations are in terms 
of 0-01M. 


k 
ArH HClO, NaOAc LiClO, (min-) 
4-60 0 0 0 0-45 
9-21 0 
18-4 0 
4-6 0 0 

0 


ky 
Ar HClO, NaOAc_ LiClO, (min-") 
9- 0 0-50 0 1-76 
0 0 0-46 4- 0 1-00 0 2-82 
0 0 0-45 9- 0 1-00 0 2-79 
4- 1-23 0 0 6-52 
9- 1-23 0 0 6-68 


For 0-163mM-m-xylene with 0-006m-chlorine acetate and 0-006m-silver perchlorate in 98% 
acetic acid, k, was found to be 0-47 min.*. 
For toluene, the rate is dependent, at least in part, on the concentration of organic com- 


pound, as is shown by the following results for 0-006m-silver perchlorate in 98% acetic acid. 
(Concentrations are in 0-01.) 


99 0-49 


0: 
4-6 0-50 0 1-26 


2 hy 
kh, (1. mole ky (1. mole+ 
ArH HClO, NaOAc LiClO, (min-1) min-*) ArH HClO, NaOAc LiClO, (min=-) min-) 
9-41 0 0 0 0-158 1-65 941 O 0-50 0-00 0-179 1-91 
18-82 0 0 0 0-198 1-06 18-82 0 0-50 0-00 0-340 1-81 
9-41 0 0 0-99 0-174 1-79 971 1-23 0-00 0-00 0-395 4-18 
18-82 0 0 0-99 0-254 1-35 18-82 1-23 0-00 0-00 0-86 4-56 


4 Kipling, J., 1952, 2858. 
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DISCUSSION 


From the absorption spectra of slightly aqueous solutions of chlorine acetate, it is 
clear that hypochlorous acid is the major component of the potential chlorinating species 
in acetic acid containing 1% or more of water. 

The rate of reaction of anisole or of m-xylene with such solutions, whether they are 
obtained from aqueous hypochlorous acid and acetic acid or from chlorine acetate in 
acetic acid and water, is independent of the concentration of aromatic compound and is 
catalysed by acids. Since it is also catalysed by sodium acetate, this measurably slow 
reaction cannot be the rate of formation of Cl* from ClOAc or CIOAcH*; it is suggested, 
therefore, that it represents the rate of formation of chlorine acetate from hypochlorous 
acid and acetic acid: 

CIOH + HOAc == CIOAc + H,O 
This reaction would be expected to be catalysed by acids, through the route: 
CIOH + H+ == CIOH,*; CIOH,+ + HOAc —p CIOAcH+ + H,O 


The upper limit for the rate of formation of chlorine acetate by nucleophilic attack of 
acetic acid on hypochlorous acid in 98% acetic acid is given by k, = k,/[HOAc] = 0-026 
]. mole+ min.?. Anbar and Dostrovsky have estimated by a similar indirect method 
that this reaction in water has a rate coefficient k, = 5-7 1. mole+ min.+. The change 
with solvent is in the direction expected for a nucleophilic displacement involving neutral 
molecules and a more polar transition state,“ 12 and provides a reasonable interpretation 
of the increase in the rate of this reaction as the water content of the solvent is increased 
from 1-3 to 5%. 

Base-catalysis presumably involves a nucleophilic displacement on hypochlorous acid 
by acetate ions: 

AcO- + CIOH —— CIOAc + OH- 
The catalytic coefficient for this reaction in 98% acetic acid is from our data 2-3 1. mole* 
min.1. The value, 0-31 1. mole min.“, which Anbar and Dostrovsky ” interpret similarly, 
refers to water as solvent. This difference also is in the direction expected theoretic- 
ally,!* for we are now concerned with nucleophilic displacement by a negative ion on a 
neutral molecule, and charge initially present is dispersed in the transition state. Our 
results do not throw any light on the part which may be played in these reactions by inter- 
mediates in which the octet of chlorine is expanded, but they seem to accord generally 
with the interpretation of exchange reactions of hypohalites developed by other workers.!18 

The kinetic form, with anisole as substrate, does not establish whether chlorine acetate, 
when it is formed, reacts as such or in some derived form. Some evidence on this point 
comes, however, from the kinetic form observed in the similar chlorinations of the less 
reactive compound, toluene. In this case, the rate is slower, and dependent on the concen- 
tration of aromatic compound: 


—d{ClOH]/dt = k,[CIOH][ArH] 


It is apparent, therefore, that the equilibrium concentration of the chlorinating species is 
maintained throughout the course of the reaction, which is catalysed by acids but not by 
bases, The equilibrium concentration of chlorine acetate must be essentially independent 
(since environmental effects will be only of secondary importance) of the presence of 
mineral acid and of base. So the chlorinating species is probably molecular chlorine 
acetate when no acid is added; and either Cl* or CIOAcH* when mineral acid is added. 
There is, of course, no proof supplied by the kinetic form that these reactions of the less 
reactive compounds do not proceed by attack by hypochlorous acid when no mineral acid 


18 Hughes, Trans. Faraday Soc., 1941, 37, 60: 


a — and Taube, J. Amer. Chem. Soc., 1958, 80, 1073; Anbar, Guttmann, and Rein, ibid., 1959, 
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is added. Hypochlorous acid itself is, however, a very ineffective chlorinating species; 4 
and it is considered very unlikely that this could be the reagent under the present con- 
ditions, when the substrate is the rather unreactive compound, toluene. The hypo- 
chlorous acidium ion, CIOH,*, is present, it is considered, in its equilibrium concentration 
by rapid proton transfer, and cannot itself be responsible for the main part of the acid. 
catalysed chlorination; for if it were, there is no reason why a rate independent of the 
concentration of aromatic compound should be reached under conditions involving added 
mineral acid. It could, however, be contributing to the rate-determining formation of 
Cl* under these, but not under basic conditions. 


We thank Mr. C. Bilby for technical assistance; and Professor E. D. Hughes, F.R.S., and 
Sir Christopher Ingold, F.R.S., for valued discussions. 
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798. The Kinetics and Mechanisms of Aromatic Halogen Substitution, 
Part IX. Mixtures of Acetic Acid and Aqueous Hypochlorous 
Acid. 

By P. B. D. DE LA Marg, I. C. Hitton, and S. VARMA. 


The kinetics of chlorination of various aromatic substances by mixtures 
of aqueous hypochlorous acid and acetic acid (especially 51% and 76% acetic 
acid) have been examined. The reactions are generally of the kinetic form: 
—d[*‘ CIOH ’’}/dt = k[ArH][“‘ CIOH ’’]. The dependence of rate on acidity 
indicates that both a neutral and a cationic species can contribute to these 
reactions. Arguments are adduced to make probable that these species are 
chlorine acetate and its protonated form, ClIOAcH.* 


In 1953 was given ? a preliminary report of the kinetics of chlorination of certain aromatic 
compounds by hypochlorous acid in aqueous acetic acid. In particular, it was reported 
that these reactions are in general subject to catalysis by added mineral acids. In this 
respect, they resembled the corresponding reactions in water **5 and in anhydrous and 
slightly aqueous acetic acid.+* The detailed interpretation of these results is, however, 
complicated by the fact that there are a number of chlorinating species, viz., CIOH, 
CIOH,*, Cl,0, ClOH*, ClOAc, ClIOAcH*, and Cl", all of which might contribute to the 
chlorination (the symbolism “ CIOH ” acknowledges this diversity). Since we have now 
established 4 that the bulk source of active chlorine in these solutions is hypochlorous acid, 
it is possible to amplify and extend our earlier conclusions. 


EXPERIMENTAL 


Most of the materials and general methods have been described in previous papers.) 
Solvents are specified as percentages by weight; rate coefficients have been calculated by the 
standard formule, and the minute has been taken as the unit of time. The xylenes were 
obtained by careful fractional distillation of commercial specimens: o-, b. p. 142°/760 mm., 
n,* 1-5028; m-, b. p. 139°/760 mm., n,* 1-4946; p-, b. p. 138°/760 mm., m,* 1-493]. 
Mesitylene, b. p. 164°/756 mm., p-chloroanisole, b. p. 70-5—71°/7 mm., and chlorobenzene, b. p. 
131-5°/756 mm., were obtained similarly. Benzoic acid, m. p. 122°, and p-anisic acid, m. p. 
183° (prepared essentially as recommended by Stanley and Shorter *) were carefully recrystal- 
lised before use. Hexadeuterobenzene was kindly supplied by Dr. T. M. Dunn. Solutions of 

1 de la Mare, Hilton, and Vernon, preceding paper. 
de la Mare, Ketley, and Vernon, Research, 1953, 6, 12S. 

Derbyshire and Waters, J., 1951, 73. 
de la Mare, Ketley, and Vernon, J ., 1954, 1290 


de la Mare, Harvey, Hassan, and Varma, /., 1958, 2756. 
Stanley and Shorter, J., 1958, 246, 256. 
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sodium perchlorate were prepared by neutralisation of ‘‘ AnalaR” perchloric acid with 
“AnalaR ” sodium hydroxide; they were free from halide. 

The following is an example of a typical kinetic run, for 0-0468m-toluene and 0-004m-hypo- 
chlorous acid in 76% acetic acid at 25°: 


Time (Min.)  ....-0eeeeeeeeeees 0 0-50 2-00 3-00 4-00 4-70 6-00 7:00 
Titre (ml.) .....s.ceeeeeeeeeeees 3°85 3-65 3-15 2-85 2-55 2-30 2-10 1-81 
hk, (1. mole min.”) ......... — 2-3 2-2 2-2 2-2 2-4 2-1 2-4 


For toluene in this solvent and in those containing less water, it has been our experience 
that the rate coefficients, calculated through the course of a run, and followed generally to more 
than 50% reaction, show no systematic trend. Decomposition of control solutions, from which 
the aromatic compound had been omitted, was negligible; the rate was only slightly greater in 
the presence of added lithium chloride, and was unaffected by the presence or concentration of 
silver perchlorate when this was added to ensure the absence of free chlorine. Thus with 
0-00255M-CIOH and 0-010M-AgClO,, the following results were obtained: 


DOR DY sescccvecctccccccnccesscecesice 0-0468 0-0702 0-0936 
Re GB. Oke Mile) .n.cccccesccccscesess 2-3 2-3 2-4 
Acids catalyse the reaction, and the general kinetic behaviour is similar. For toluene and 
0-002—0-005m-CIOH with 0-010M-AgClO, in 76% acetic acid at 25°, the following results were 
obtained. 


Re ne ae nT ee 0-00 0-06 0-25 0-49 0-98 
Dy. Mabe MM) oo sscccscssisscsovscoveside 2-4 3-2 6-1 12-0 53: 


The following results show, in more detail, effects of added electrolytes. They refer to 
0-07m-toluene and 0-004—0-007M-CIOH in 77% acetic acid at 25°. 


OO codicil alentlcinedannt 0 0-121 0-243 0-611 1-23 
REGIE sssncecsercsnveremmndenien 2-84 4-32 6-59 19-0 > 108 
a la REE RRR RTE 0 0-077 0-155 0-385 0-670 
Bp (L. mole"? min.“2) ............ssccsssesseees 2-84 2-77 2-69 2-56 2-20 
i hae RURAL 0 0-149 0-298 0-595 

eS ss pet 2-84 3-80 4-63 7-16 


These results are plotted in Fig. 1; results for other relatively reactive compounds 
are in Table 1. 


TABLE 1. Chlorination in 76% acetic acid at 25°. 


ArH (m) AgClO, (m) CIOH (m) HClO, (m) &, (1. mole min.~) 
t-Butylbenzene ............... 0-016 0-010 0-0025 0-0 1-0 
OAM 20... césesccscccccccssecs 0-0406 0-010 0-0025 0-0 9-3 
DEED * nhdo vse scsccccecedens 0-0406 0-010 0-0025 0-0 11-1 
PEND: andsinpinininnagenens 0-0160 0-012 0-0020 0-0 200 

0-0160 0-012 0-0020 0-123 280 
PID acewsccccecsncssivses 0-0306 0-012 0-0059 0-0 V. fast 
p-Chloroanisole ..............+ 0-041 0-012 0-0038 0-0 9-0 
0-041 0-012 0-0083 0-123 15-7 
PRIS GONE so viccsceccsscssacs 0-010 0-000 0-0065 0-0 7-9 
0-010 0-000 0-0065 0-244 14-0 
0-010 0-0236 0-0065 0-00 8-4 
0-010 0-0236 0-0065 0-244 14-7 


For benzene and other relatively unreactive compounds, decomposition of control solutions 
was relatively large, but was considerably reduced by the addition of perchloric acid. The 
following is an example of a typical kinetic run, with 0-0449m-benzene, 0-00441m-hypochlorous 
acid, 0-0118m-silver perchlorate, and 0-492m-HCIO, at 25°: 


Time (min.) ...... 0-0 3-0 5:8 9-3 14-3 31-1 42-3 69-3 
Titre (ml.) ......... 8-80 + 8-50 8-35 8-10 7-35 6-70 6-05 
om —_ (7-7) 6-0 5-6 5-8 5-8 6-4 6-3 


The initial rate of decomposition in a control run was 0-1 x 10% min, whence 
ky = (6-0 — 0-1) x 10°°/0-0449 = 0-1311. mole min. With 0-246m-HCIO,, k, = 0-068. 
Table 2 records further results similarly calculated. 
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Chlorobenzene and benzoic acid reacted too slowly for the rate to be substantially larger 
than the control decomposition except when the concentration of perchloric acid was very high, 


TABLE 2. Chlorination of 0-0449M-benzene in 76%, acetic acid containing 
0-0118mM-AgClO, at 25°. 


(a) 0-492m-HCIO, and [ClOH]jnit, (M) ......... 00044 0-:0069  0-0077 00-0109 
sib MedaliithathiRanbepncgthandaneenedenins 0-123 0-157 0-127 0-150 
ia acetecontinitinnaiin 0 0-123 0-246 0-488 0-492 
ta nitinerattia oat eeceene ate ete. 0-016* 0-042 0-068 ¢ O-155¢ 0-153 


* Without AgClO,; in the presence of AgClO,, the control decomposition of hypochlorous acid 
was so large that satisfactory measurements could not be made. ft Hexadeuterobenzene, k, = 0-079, 
¢ Without AgClO,, &, = 0-155. 


In these circumstances, however, the kinetic form was the same as for the morereactive com- 


pounds. Results are given in Table 3. 
Chlorination in 51% acetic acid was essentially similar (see Table 4). 


100} ] 
95 7 


60r 
{ Fic. 1. Chlorination of toluene by ‘‘ hypochlorous acid” in 
aq. acetic acid; effects of added electrolytes. 
~ 4O} A, HCIO,: o 7% acetic acid; 
7 A 76% acetic acid +0-01m-AgClQ,. 


B,NaClO,: 0 77% acetic acid. 
C,NaOAc; + 77% acetic acid. 
20r : 
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TABLE 3. Rates of chlorination (k, in 1. mole min.) with 0-006M-CIOH and 
0-0118M-AgClO, in 76%, acetic acid at 25°. 


OS eatin)... aie 0-98 1-47 1-96 2-45 2-93 
Eo roncccavoneticeuseucadeitertoenh«s 0-070 0-242 1-14 6-0 oa 
8 SRE PRUE. AS 0-025 0-027 0-065 0-24 * 1-6 


* The same rate was obtained in the absence of silver perchlorate. 


TABLE 4. Chlorination by hypochlorous acid in 51%, acetic acid, 
(a) CIOH, 0-0052m; AgClO,, 0-01m 


Toluene (mM) ......... 0-0234 0-0468 0-069 0-092 
Mig coaiidiececntnbduspisie 2-3 2-4 2-4 2-4 
(6) Toluene, 0-0468m 
DIMER TED wsegvocesees 0-01 0-01 0-01 0-01 0-005 0-002 0-000 
CD | desetidccees 0-002 0-006 0-009 0-004 0-004 0-004 0-004 
Dig dadkcedecrrivensicdicdise 2-4 2-4 2-4 2-4 2-4 2-5 4-6* 
(c) Toluene, 0-0468m; AgClO,, 0-01m; CIOH, ca. 0-005m 
BID (08) a cieteccccees 0-00 0-07 0-10 0-20 0-00 0-00 
ee 0-00 0-00 0-00 0-00 0-005 0-010 
Be.) | srencsingneye axvbsess 2-4 3-1 4:5 9-1 2-43 2-45 


* This reaction, in which silver perchlorate was omitted from the solution, showed second-order 
rate coefficients which rose steadily over the course of the reaction; at 45% reaction, the integrated 
second-order rate: coefficient had risen from 4-6 to 5-9. A similar rise was noted when the reaction 
was carried out in the presence of added 0-01m-lithium chloride; the initial rate coefficient was then 
6-4 1. mole“ min.~!. . 
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In 86% acetic acid, the following results were obtained for 0-0936m-toluene with 0-0026m- 


ClOH 
HC1Og (BM) ..ccccccccccsescscecenseces 0-00 0-15 0-25 0-30 
kg (1. mole min.“*)  ...........006+ 1-9* 2-8 4-7 55 


*Identical in 95% acetic acid. 


Addition of lithium chloride (0-05m) had no significant effect on the rate of chlorination. 

For representative cases, it has been established preparatively that the reactions studied 
involve substitution in the aromatic nucleus. Thus by the isotopic-dilution procedure 
described in Part VII, for the chlorination of toluene by hypochlorous acid in 75% acetic acid, 
the following isomeric proportions were estimated as percentages of hypochlorous acid used up: 

, 27:3; 0, 70-3. 
' In a preparative experiment, 0-84m-hypochlorous acid (400 ml.) was added to a solution of 
toluene (40 g.) in acetic acid (1 1.) to which had been added perchloric acid (100 g.) and water 
(250 ml.). The medium was therefore ca. 66% acetic acid containing ca. 6m-perchloric acid. 
The aromatic material was recovered and tractionally distilled; the main chlorotoluene fraction 
(32 g.), b. p. 157—159°/760 mm., »,* 1-5238, had f. p. —37°, raised 6° by addition of 2 g. of 





“Sr 15 
-4t 4 
-J 3 
Fic. 2. Solvent effects on acidity, and on rates of - 
acid-catalysed chlorination, in mixtures of x 2 3 
acetic acid and water. _ ~ Ss 
S 1 
A, logigks. B, He. C, Je. +? u 
Note: Graph Bincludes values extrapolated (see O 
text) from results given in ref. 9. 











O 20 40 60 80 /00 
Solvent(%AcOH) 
p-chlorotoluene to 30 g. of material. So, from the f. p. diagram given by Wahl, Normand, and 
Vermuylen,’ the reaction mixture contained 64% of o-chlorotoluene. Chlorination of toluene 
by chlorine in aqueous acetic acid was also examined briefly. To a solution of toluene in acetic 
acid was added a solution of chlorine. Water in appropriate amount was then added, and 
samples were removed at intervals for titration. Results were: for ca. 0-15m-toluene and 
ca. 0-01m-chlorine, in 95-1% acetic acid, k, = 0-43; in 90-2% acetic acid, k, = 1-43; in 85-0% 

acetic acid, k,g = 5-0; in 75-5% acetic acid, k, = 16-51. mole min.“ at 25°. 

Some measurements have also been made of the trends in the degree of ionisation of 
indicators in mixtures of acetic acid and water. Aliquot parts of a solution of o-nitroaniline 
(m. p. 71°) in 7-9m-perchloric acid were added to known volumes of acetic acid and the mixtures 
were then made up to known volumes with water. The optical densities of the resulting 
solutions were measured in 1 cm. cells against appropriate control solutions with a Unicam 
S.P. 500 spectrophotometer, in the region of maximum absorption, 4100 A. The results were 
as follows: 


Solvent (wt. % H,O) ............ 100 100 48-0 23-4 13-0 6-7 
Perchloric acid (M) ........ss0e++. 0-00 0-87 0-87 0-87 0-87 0-87 
Optical density (4100A) .......... 0-815 0-456 0-525 0-278 0-098 0-022 
i isntsctdhk cbt nsihtiick wteisbdnad on —018 -—003 -—058 —-115 —1-85 


In the neutralised solution (optical density, 0-815), it has been assumed that none of the base is 
protonated. From this value and the measured optical densities in the presence of acid, the 
extents of protonation in the various solvent mixtures have been calculated. For comparison 
with data from the literature,’values of H, have been calculated by using the formula: * H, = 
PKpy+ — log{{BH*)]/[B)}; the value of pKgy+ for o-nitroaniline was taken as —0-29. The 
value (—0-18) determined thus for 0-869m-perchloric acid agrees tolerably with that (—0-12) 


7 Wahl, Normand, and Vermuylen, Bull. Soc. chim. France, 1922, $1, 570. 
* Paul and Long, Chem. Rev., 1957, 57, 1. 
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interpolated from the data given by Paul and Long,® and the present data fit satisfactorily 
(cf. Fig. 2) with those determined by Ludwig and Adams ® for acetic acid containing up to §% 
of water, from which, by linear extrapolation to our concentration of perchloric acid by the 
formula suggested,® the values of H, for acetic acid containing 0-87m-perchloric acid and 5%, 
1%, and 0% of water by weight are respectively — 2-10, —3-50, and —5-02. The most notable 
feature of the present results is that, for this indicator, 0-87mM-perchloric acid has slightly more 
protonating power in water than in 50% acetic acid; further increase in the percentage of 
acetic acid, however, increases the extent of protonation by this concentration of perchloric 
acid. 

Similar measurements were made -with 4-methoxytriphenylmethanol (m. p. 58—62°; 
prepared by Baeyer and Villiger’s method #). Measurements of the optical density were made 
at the absorption maximum," 4750 A, with the following results: 









Solvent (wt. % HO)  .......cccccocercccscereces 100 100 48 23-4 6-7 
Indicator concn. (arbitrary units) ............ 0-05 1-0 4-0 1-0 1-0 
Perchloric acid (M)_ ..........++4. ‘ oe 6-30 0-79 0-79 0-79 0-79 
Cell length (cm.)_ ......... be 2-00 2-00 2-00 1-00 0-50 
Optical density (4750 A) ..............ceeeeee 0-149 0-00 0-263 0-415 0-702 
ip ebccseedbbuncqdscrascresoneroisucccessseeladhectonercs — 6-87 +1-09 —1-75 — 2-99 —4-59 


In order to compare the tendency of perchloric acid in these different solvents to promote 
heterolysis of the type: R,C-OH + H+ [> R,C* + H,0, values of J, have been calculated 
by the formula: J, = pKpog — log {[R*]/[ROH]}. It has been assumed that the indicator 
was completely ionised in 6-3m-perchloric acid; that the Beer-Lambert law is obeyed; and 
that pAgog for this indicator ™ is —3-40. The values tabulated for aqueous solutions are 
interpolated from the table given by Deno and his co-workers. The Table shows that the 
extent of carbonium ion formation from this indicator in solvents containing 0-87M-perchloric 
acid increases steadily as the percentage of acetic acid in the solvent is increased. Under our 
conditions this indicator is not appreciably converted into its acetate.4* We do not claim, 
however, to have established, by the present results, acidity scales of general validity for these 
mixed solvents. 


DISCUSSION 


(a) Acid-catalysed Chlorination in Aqueous Acetic Acid.—All the reactions which fell 
into this class had rates which were, within experimental error, proportional to the first 
power of the concentration of hypochlorous acid, as judged either by the constancy of rate 
coefficients through the course of a single kinetic run or by varying the initial concentration 
of hypochlorous acid. The kinetics can be represented by the partial equation: 


—d[‘ CIOH ”}/dt = k[ArH][“ CIOH ”] 


The dependence of rate on acidity has the form shown in Fig. 1. Addition of small 
amounts of perchloric acid has only a small effect on the rate of reaction; the rate rises 
linearly with the molar concentration of acid up to ca. 0-4m, and more rapidly thereafter. 
In the region of high acidity, therefore, the full kinetic form is: 


—d(“ CIOH "}/dt = k,[ArH][“ CIOH ”] + &,[ArH][““ CIOH ”}f({H*)) 


The rate is increased much more by added perchloric acid than by the addition of an 
equal amount of sodium perchlorate. We conclude that the bulk of the reactivity 
observed in the presence of perchloric acid in excess of that found in the presence of an 
equivalent amount of sodium perchlorate represents reaction through a protonated species. 
The following are the values of the rate coefficients for the acid-catalysed reactions of 


* Ludwig and Adams, J. Amer. Chem. Soc., 1954, 76, 3853. 

© Baeyer and Villiger, Ber., 1902, 35, 3027. 

™ Deno, Jaruzelski, and Schriesheim, J. Amer. Chem. Soc., 1955, '77, 3044. 

‘2 Deno, Berkheimer, Evans, and Peterson, J. Amer. Chem. Soc., 1959, 81, 2344 (correction, p. 6535). 
13 Bethell and Gold, J., 1958, 1905. 
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toluene in various solvents; the rate without added acid has been deducted, and (since the 
results refer to acidities below 0-4m-HCIO,), {([H*]) has been taken as identical with [H*]. 
Solvent (% ACOH) ............0+. 05 51 76 86 98 t 100 
he, (1.2 mole"? min.~}) .........0000+: 1-5 33 19* 12 240° V. fast (ca. 3000) t 
* 14, after correction also for salt effect. 
¢ de la Mare and Vernon, unpublished results. { Ref. 1. 

The results for these chlorinations to some extent resemble those recorded by Branch 
and Jones‘ for bromination by hypobromous acid in 75% acetic acid. In the latter 
reaction, however, the catalysis by added mineral acid is much more marked. The vari- 
ation in rate with composition of the solvent was considered by these authors to be 
consistent with bromination by BrOH,* or Br*, but they were unable to exclude the 
possibility that in concentrated acetic acid the reagent is BrOAcH*. 

A similar ambiguity is present in our results. The reaction in pure water is regarded #5 
as areaction through Cl*. It might be thought that, were this the reagent throughout the 
range of solvent composition, the rate of reaction would follow either the degree of 
carbonium ion formation from a triarylmethanol or the extent of protonation of a simple 
base. The absence of any such correlation is shown in Fig. 2. Carbonium ion formation 
rises steadily as the percentage of acetic acid in the solvent is increased; protonation of 
o-nitroaniline passes through a very shallow minimum in the region 50% acetic acid. The 
rate of chlorination, however, passes through a maximum in the region 50% acetic acid, 
and then through a minimum in the region 90% acetic acid; and this behaviour is general, 
for Stanley and Shorter ® found that acid-catalysis of chlorination of anisic acid is much 
more pronounced in 40% than in 75% acetic acid. 

It seems likely to us, therefore, that the faster chlorination in 50% acetic acid than in 
water represents chlorination by the protonated species CIOAcH*. This reaction must be 
subject to a solvent effect in the direction that increase in the concentration of acetic acid 
decreases the rate of reaction; for in the region 50—85% acetic acid the rate decreases, 
whereas the concentration of chlorine acetate must increase. A kinetic solvent effect in 
this direction implies that the transition state for chlorination is more strongly solvated 
than the initial state, provided that water is regarded as more solvating than acetic acid. 
The very marked increase in rate in pure acetic acid may perhaps result from the fact that 
the bulk source of active chlorine is now chlorine acetate instead of hypochlorous acid. 

From the rates determined at acidity 0-49m or greater, the following relative rates of 
chlorination under conditions of acid-catalysis can be deduced: 


Compound PhMe PhH PhCl Ph:CO,H Ph:CO,Et 
Rel. rate of chlorination (CIOHAc*) *...... 69 1 0-097 0-004 —_ 
Rel. rate of nitration ™ (NO,*) .............5. 23 1 0-035 == 0-0037 


* These values have been corrected for the rate in the absence of mineral acid, but not for the salt 
effect. This should not much affect the comparison of toluene and benzene, since both would have 
to be corrected similarly; nor should it influence the other comparisons, since they are derived from 
reactions carried out at still higher acidities, where the rate increases rapidly with increase at con- 
centration of perchloric acid. 


ortho,para-Directing groups seem to give higher reactivities with this reagent than with 
the nitronium ion. The value for toluene is in good accordance with that (60) obtained 
for toluene and Cl* in water.5 

(b) Uncatalysed Chlorination in Aqueous Acetic Acid: Chlorine Acetate as an Electrophile. 
—The uncatalysed chlorination of toluene and the other aromatic compounds studied in 
aqueous acetic acid has a rate which depends on the first power of the concentrations of 
aromatic compound and of, hypochlorous acid. It is independent of the concentration 
of silver ions, provided that these are present in amount greater than about 0-002m. It 

™ Branch and Jones, J., 1954, 2317. 


8 Ingold, Lapworth, Rothstein, and Ward, J., 1931, 1959; Ingold and Smith, J., 1938, 905; Bird 
and Ingold, J., 1938, 918. 
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is unaffected by the addition of base to the medium. As can be seen from Fig. 1, it is far 
too rapid to be explained as an acid-catalysed chlorination; 75% acetic acid, for example, 
can be considered ® to contain only ca. 0-01m-hydrogen ions. 

The kinetic form is thus: 


—d{‘ CIOH ”]/dt = k,[ArH][“ CIOH ”] 


Since hypochlorous acid is a very ineffective chlorinating agent,!* and therefore could 
not possibly react with toluene under these conditions, it is concluded that the effective 
reacting species is molecular chlorine acetate, as Stanley and Shorter® proposed for 
p-anisic acid and #-chloroanisole. 

From the results given in Part VIII,1 and those of the present work, can be obtained 
the following values, which describe the effect of solvent on the apparent second-order 
rate coefficient for the reaction of chlorine acetate with toluene. 


Solvent (% AcOH) 98 95 86 76 51 
ky (1. mole“! min.~?) i 1-1 1-9 1-9 2-3 2-4 
Two factors are concerned with this change in rate. First, the concentration of chlorine 
acetate decreases as the concentration of water is increased. Secondly, the intrinsic rate 
of its reaction with an aromatic compound must increase, just as the rate of molecular 
chlorination of toluene and of naphthalene increases, with increase in the water content 
of the solution.” These two factors affect in opposite directions the observed rate of 
chlorination, so the latter decreases at first, and then passes through a shallow minimum; 
it is in fact not far from constant over quite a wide range of solvent composition. 

It is possible to make approximate allowance for the change in concentration of chlorine 
acetate, if it is assumed that the equilibrium constant for this reaction is independent of 
the medium and is given? by the value K = (ClOAc}[H,O]/[ClIOH][HOAc] = ca. 0-0025. 
The true second-order rate coefficients for the reaction of chlorine acetate with toluene 
are on this basis: 


Solvent (% AcOH) 98 95 86 76 51 
ke (1, mole! min.“4, corr.) .... ca. 17 34 160 500 1300 3650 


Although these values are only approximate, they show that the corrected rate increases 
with increase in the water content of the solvent. A similar trend has been observed in 
chlorinations and brominations involving molecular halogens,!”-* and has been attributed ¥ 
to development of charge in the transition state formed from initially neutral reactants. 
For toluene and molecular chlorine in acetic acid the effect of added water has not been 
studied systematically, but the following values are available +7-”°.2 for reaction at 25°: 

Solvent (% AcOH) 98-7 95 90 85 76 
A, (1. mole“! min.~) 0-032 0:059* 0-43 1-43 5-0 16-5 
* Calc. from data !” at 34:7° and E = 13 kcal. mole". 


Relative Reactivities of Reagents.—The most striking feature of the present results is the 
conclusion that chlorination of toluene in acetic acid, or in aqueous acetic acid, is con- 
siderably faster with molecular chlorine acetate than with molecular chlorine. This 
result implies the reactivity sequence, Cl-OAc > CI-Cl > CI-OH. 

If the main factor determining the reactivity of a reagent CLIX with an aromatic com- 
pound were the electron affinity of X, as measured by the strength of HX as an acid, a 
different order, namely CI-Cl > Cl-OAc > CI-OH would be expected; this prediction 


16 Soper and Smith, J., 1926, 1582. 

17 de la Mare and Robertson, /J., 1943, 279. 

18 Walker and Robertson, J., 1939, 1515. 

19 Hughes, Trans. Faraday Soc., 1941, 37, 763. 

2% Brown and Stock, J]. Amer. Chem. Soc., 1957, 79, 5175. 

21 Andrews and Keefer, J. Amer. Chem. Soc., 1959, 81, 1063. 
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has been thought appropriate * for aromatic substitutions in which the stages essential 
to the rate process are: 


Vi 


+ 
Art + co x + [ AKT | —P Products ...... (I) 


It seems clear, therefore, that other factors can be involved in determining the reactivity 
in the example now under observation. It does not seem possible to provide a satisfactory 
explanation in terms of either the homolytic or the heterolytic energies of bond-fission of 
CIX; for the Cl-O bond appears to be stronger than the CI-Cl bond;* and 
organic chlorides, RCI, undergo heterolysis much more readily than the corresponding 
acetates, ROAc.%* We have consequently been led to seek an interpretation in terms of 
special structural features of the transition states involved in the reaction. 

Arguments have been presented (cf. refs. 17, 25, 26) based on kinetic forms, environ- 
mental effects, and structural comparisons, suggesting that molecular halogenation by 
chlorine and by bromine should be described in terms of the more elaborate scheme of 
equation (2), rather than by the simplified scheme of equation (1). It is unlikely, in the 
examples here considered, that the second stage is reversible, and the still later stage involv- 
ing proton-loss is not rate-determining: hexadeuterobenzene is chlorinated at substantially 
the same rate as benzene. 


ky } J | ks x [ J ] ‘ @ 
ArH + Cl-X TAK L —P X- + | Ar — } Products ... 
ha NGiex Nei ; 


It would be consistent with the present results if the second stage involved a cyclic 
process, thus: 


¢ JON + JH-OVs + /H Wr 
cag —_—_— > Nu ee _—_—> Nes + ane 
(I) 


An analogous transition state has been proposed tentatively for nitration by dinitrogen 
pentoxide.2” The fission of the Cl-O bond in the complex ArH,ClOAc (I) could be 
facilitated by hydrogen-bonding through a six-membered ring, but that in ArH,CIOH 
could not; and the CI-Cl bond in the corresponding complex involving molecular chlorine 
is geometrically not so suitably placed for participitating in interaction with the adjacent 
hydrogen atom. 

On this basis, therefore, we can rationalise the order of reactivity, CIOAc > Cl, > 
CIOH, in chlorination by neutral reagents. No doubt cases could be envisaged in which 
the interaction between X in the electrophile CI-X and the displaced proton was so great 
in the transition state that a primary isotope effect would be observed. In the present 

8+ 
va saad . 
FT api WW So 
Ch \Br—Br RY “Cr 
I} (111) (IV) 


case, the absence of a primary isotope effect indicates that the Ar-H bond is not much 
stretched in the transition state; it may be noted by way of analogy that Maccoll and 


*2 Cf. Benford and Ingold, J., 1938, 929. 
*8 Cottrell, “‘ The Strengths of Chemical Bonds,’’ Butterworths, London, 1954. 


an Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,” G. Bell and Sons, London, 1953, p. 


*8 Robertson, J., 1954, 1267. 


** de la Mare and Ridd, “ Aromatic Substitution: Nitration and Halogenation,” Butterworths, 
London, 1959. 


* Gold, Hughes, Ingold, and Williams, J., 1950, 2452. 
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Thomas * envisage the gas-phase dehydrochlorination of aliphatic halides as proceedj 
through a transition state (II) in which the hydrogen assists in removing the chlorine 
heterolytically, but the C-H bond is not much stretched in the transition state. 

Consideration of special circumstances which affect the ease of breaking of the Cl-x 
bond in the complex formed between the electrophile and the substrate undergoing 
reaction is helpful in rationalising features of some other reactions. Experimental 
evidence has been produced ® which suggests that the tribromide ion, though negatively 
charged, can act as an electrophile. Structure (III) provides a possible representation of 
the transition state. An extreme example of essentially the same kind is perhaps that for 
N-chlorination by the hypochlorite ion, a very specific reagent for effecting this process, 
which has been represented ® as shown in structure (IV). It would be interesting to know 
whether this reaction is subject to a primary isotope effect. 

Carr and England have recently found that the N-chloromorpholinium cation can 
effect direct chlorination of the phenol molecule.*4 Since the boat form of the N-chloro- 
morpholinium cation might well be stabilised by electrostatic interaction as indicated in 
structure (V),* it is possible that the transition state for chlorination by this species may 
be represented as in structure (VI). 


° H-----O 
) tel, D 
+: = + 
Cl 7 ait 
(V) H H (VI) 


If complexes such as ArH,CIX are important intermediates leading towards aromatic 
substitution through a scheme such as is indicated in equation (2), the possibility must be 
envisaged that the reaction could be diverted before the second stage had proceeded. One 
possible such diversion would involve capture of the halide ion by the aromatic molecule, 
and this might result in cis-addition to the unsaturated system. There are several indic- 
ations in the literature that this is a reaction path sometimes adopted. For instance, 
Cristol, Stermitz, and Ramey,® somewhat to their surprise, obtained cis-1,2-dichloro- 
acenaphthene from acenaphthylene and chlorine in a number of aprotic solvents of differ- 
ing ionising power; they called attention to this feature of the reaction, as well as 
to other stereochemically related situations. Recently Dr. N. V. Klassen, working in these 
laboratories, has obtained evidence for the formation of cis-9,10-dichloro-9,10-dihydro- 
phenanthrene from phenanthrene and chlorine in acetic acid and in other solvents under 
conditions which suggest that the reaction is heterolytic in character. 

Addition of chlorine to butadiene does not seem to involve a cyclic intermediate, ** but 
Young, Hall, and Winstein * have shown that an important direct product of reaction of 
bromine with cyclopentadiene involves cis-1,4-addition. It seems likely that many such 
cases involve cyclic (e.g., four- or six-centred) transition states, for which a rigid structure 
favours the intramolecular trapping of the potentially nucleophilic fragment as it attempts 
to dissociate. The relevant transition states (e.g., VII) may have considerable polar 
character. By way of analogy it may be pointed out that some intramolecular rearrange- 
ments of allylic halides have considerable polarity in the transition state (¢.g., VIII).*** 


28 Maccoll and Thomas, Nature, 1955, 176, 392. 

** Berliner and Beckett, J. Amer. Chem. Soc., 1957, 79, 1425; Bell and Ramsden, J., 1958, 161. 
%° Mauger and Soper, /J., 1946, 71. 

*| Carr and England, Proc. Chem. Soc., 1958, 350. 

32 Cf. Lyle, J]. Org. Chem., 1957, 22, 1280. 

** Cristol, Stermitz, and Ramey, J. Amer. Chem. Soc., 1956, 78, 4939. 

** Mislow and Hellman, J. Amer. Chem. Soc., 1951, 78, 244. 

* Young, Hall, and Winstein, J. Amer. Chem. Soc., 1956, 78, 4338. 

* Young, Winstein, and Goering, J]. Amer. Chem. Soc., 1951, 78, 1958. 

37 de la Mare and Vernon, /., 1954, 2504. 
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In both cases the schemes are capable of elaboration, if the facts demand, to include consider- 
ation of one,** two,5*%® or more further intermediates. In our present representation of 
the intermediates concerned in chlorination we have focused attention only on those 
structural features which seem to us important in interpreting the known chemistry. 


H H.C. 
A + ie 
‘ce $- é ~.& 
8+ C-----€1 8- i 
(VII) R’ H . 
8+ (VIII) 


Structural Effects in Chlorination by Chlorine Acetate——The results given above allow 
calculation of the relative rates and partial rate factors for chlorination by chlorine acetate 
asshown. The spread of reactivity is rather greater, as judged by the reactivity of toluene 
relative to that of benzene, than for the positively charged reagent CIOAcH*, but it is not 
as great as is found for molecular chlorine.'*** The partial rate factors given for toluene 


‘) ome Oo QO 0. 0 0 


Relative rates aa rel Ow 


and t-butylbenzene ® have been calculated from the observed orientations. The rates for 
o- and #-xylene are reasonably in accordance with those predicted for the additivity 
principle,™.*6 provided it is assumed that the partial rate factor for meta-substitution in 
toluene is 3; but m-xylene is not quite as reactive as would be expected from application 
of this principle. The values for p-chloroanisole and p-anisic acid were determined only 
incidentally; they suggest that, in the meta-position, chlorine and carboxyl substituents 
are approximately equally deactivating, as in the acid-catalysed chlorinations; and that 
the o-methoxyl group is still more powerfully activating. 

Comparison with Stanley and Shorter’s Investigation..—Stanley and Shorter ® recently 
examined the chlorination of a number of aromatic compounds, including -chloroanisole 
and -anisic acid, in 75% acetic acid and in 40% acetic acid. Our rates agree quite well 
with theirs, the difference in temperature being borne in mind. They also noticed that 
acid-catalysis was more marked in the more aqueous solvent, and concluded, from the 
relative insensitivity of rate to concentration of mineral acid, that chlorine acetate was an 
electrophilic reagent effective for these compounds. They used concentrations of 
perchloric acid up to 0-05m only, and considered that perchloric acid increased the rate of 
chlorination in 75% acetic acid only by a salt effect; we differ from them in that we believe 
that there is a real contribution from a positive chlorinating species produced by proton- 
ation of chlorine acetate, though it is true that this mode of reaction is of minor importance 
at low concentrations of added acid and becomes dominant only at quite high acidity. 

The main point of difference between their discussion and ours arises because they 
observed orders of reaction less than one with respect to hypochlorous acid. They 
concluded on this basis that the reaction involved the partly rate-determining formation, 
from anisic acid, of an active form, which they thought might be the hydrated form, 
produced in a relatively slow step from a complex between anisic acid and acetic acid. 

In our investigation, we have not observed orders of reaction less than one with respect 
to hypochlorous acid except occasionally for relatively less reactive compounds in the 
absence of silver ions. Typical kinetic runs quoted in the experimental section illustrate 
this point; rate coefficients showed no consistent trend with progress of the reaction, and 


** Winstein, Clippinger, Fainbérg, and Robinson, J. Amer. Chem. Soc., 1954, 76, 2597. 
* Hughes, Ingold, Mok, Patai, and Pocker, J., 1957, 1265. 
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furthermore were substantially constant, or if anything rose slightly (indicating an order 
slightly greater than one), with increasing initial concentration of hypochlorous acid. In 
our experience, therefore, the kinetic behaviour reported by Stanley and Shorter is not 
general. 


We are indebted to Professor E. D. Hughes, F.R.S., and Sir Christopher Ingold, F.R.S., for 
their interest and for valuable criticism. We thank Mr. C. Bilby and Miss E. Williams for 
technical assistance. Personal correspondence with Dr. J. Shorter is gratefully acknowledged. 

WILLIAM RAMSAY AND RALPH ForSTER LABORATORIES, 


UNIVERSITY COLLEGE LONDON, 
Lonpon, W.C.1. (Received, March 29th, 1960.} 





799. Mechanism of Elimination Reactions. Part XX.* The 
Inessentiality of Steric Strain in Bimolecular Olefin Elimination. 


By D. V. BANTHorRPE, E. D. HuGHEs, and SIR CHRISTOPHER INGOLD. 


In order to determine whether polar or (as has been suggested) steric effects 
are responsible for the Hofmann pattern of structural effects on bimolecular 
olefin elimination, the kinetics of such reactions of six series of alkyldimethyl- 
sulphonium and alkyltrimethylammonium ethoxides and t-butoxides have 
been investigated. Although the series were chosen in order that they 
should be critical for the question raised, the results disclosed relations 
quantitatively recognisable as representative of the Hofmann system of 
relations, which had been delineated in the earlier extensive literature of 
‘onium eliminations. The significance of the results with respect to the 
causal question is therefore considered, jointly with the aid of approximate 
theoretical calculations, and by analysis of the experimental figures, in the 
context of eliminations as a whole. 

The following conclusions are reached. The inductive and electromeric 
effects dominate the picture of eliminations down to the simplest examples 
of Hofmann and Saytzeff. These two polar effects belong to that picture 
in principle, creating its familiar kinetic and orientational pattern. Steric 
hindrance is inessential to that pattern. It enters as a complication in 
certain critical situations above determinable thresholds of molecular com- 
plexity, as we should expect from its short-range nature. It cannot be used 
instead of the inductive effect to explain the kinetic and orientational pattern 
of eliminations as a whole. 


(1) Theories of the Orientation and Rate of Olefin Elimination.—A theory of constitu- 
tional effects on the elimination reaction, 


B- + H-Cg-Ca-X —t> BH + Cp=Ca + X- 


has been proposed,! in which both polar and steric effects are allowed, the former acting 
universally from the simplest cases upwards, and in ways characteristic of elimination, 
and the latter constituting, as for most reactions, an incursion with more involved struc- 
tures. In this theory, polar influences are separated into electrostatic and conjugative 
components, termed inductive and electromeric, which are made dependent on electro- 
negativity and unsaturation, respectively. The inductive effect is exerted on the acidity 
of the 6-hydrogen atom eventually eliminated as a proton. It leads to a certain pattern 
of effects on rate and orientation, a pattern which includes and generalises the Hofmann 
rule. The electromeric effect is exerted on transition-state stability, as affected by 


* Part XIX, J., 1953, 3839. 


1 Hughes and Ingold, Trans. Faraday Soc., 1941, 37, 657; Dhar, Hughes, Ingold, Mandour, Maw, 
and Woolf, J., 1948, 2093. 
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conjugation or hyperconjugation involving the developing double bond. It leads to 
another pattern of constitutional effects, one which generalises the Saytzeff rule. Both 
effects are always present, each to an extent dependent on mechanism, structure, and 
solvation. 

Two mechanisms are well established, E1 (which produces a carbonium ion first), and 
E2 (which is concerted), whilst a third mechanism, ElcB (which produces a carbanion 
first), is suspected but is not yet unambiguously established. In the £1 eliminations of 
simple alkyl compounds, whether halides or onium ions, a vacant C, orbital is produced 
which demands conjugation; and thus the Saytzeff pattern predominates. In the E2 
eliminations of simple alkyl halides in polar solvents, in which solvation of the escaping 
anion induces large electron transfers from C, in the transition state, the Saytzeff pattern 
again will usually predominate. But in the £2 reactions of simple alkyl ‘onium ions, 
including derivatives with bound ionic centres, as in the sulphone group, or, as has more 
recently been demonstrated, the nitro-group,? the polarity induced along the alkyl chain is 
stronger, and the development, now retarded by solvation, of unsaturation in the transition 
state is weaker, so that a dominating Hofmann pattern is the usual result. 

In analogy with the Syl and Sy2 forms of nucleophilic substitution, 1 elimination is 
not uniformly stereospecific, but E2 elimination is, an anti-conformation of changing bonds 
corresponding to inversion at C,. Steric hindrance is assumed to need a certain minimum 
of ramification in the structures of the reactants and to be less important for elimination 
than for nucleophilic substitution, because of the more exposed situation of hydrogen than 
of carbon, and to be still less important for E1 than for E2 eliminations, because the former 
depend kinetically on a dissociation. 

During the past ten years, these views have been challenged several times by H. C. 
Brown, who desires a more basic réle for the steric effect. This was at first to be in 
substitution for the electromeric effect. It had been suggested that the El reactions of 
alkyl halides are controlled mainly by the latter, steric hindrance being unimportant in 
simple cases. Brown and Fletcher claimed * that the E1 olefin yields from homologues of 
t-butyl chloride were out of accord with that idea; however, they were omitting to take 
account of hyperconjugation at the «- as well as the 6-end of the double bond. It was 
subsequently pointed out * that, when that error was overtaken, the polar theory could 
represent the observations very closely in the nine simpler of the twelve examples then 
under discussion. The anomaly remained that the three most densely branched structures 
gave too much olefin, one of them with an irregular isomer ratio, and, as we showed,‘ at an 
accelerated rate. With those particular structures, it was impossible to establish directly 
whether the irregularities signalised steric (t.e., non-bonding) interactions, or whether they 
arose from bonding interactions of kinds which at greater intensity can produce fragment- 
ations and rearrangements of known types. But they were certainly not evidence for 
the suggested generalisation of steric control. 

Brown has disputed these conclusions,* but from an altered position: the electromeric 
effect is now to be allowed to control the Saytzeff pattern of structural effects, but steric 
strain is to replace the inductive effect as the cause of the Hofmann pattern. Brown has 
developed this thesis in eleven papers, and it is in consequence of these that we return 
to the discussion. He makes it clear that he is claiming, not a steric effect of limited 
incidence, but one in universal control down to the simplest alkyl groups: the substitution 


__* His argument ® that fragmentations and rearrangements are not observed in the reaction con- 
ditions is as irrelevant as would be an argument that kinetic effects of hyperconjugation do not exist 
unless the hydrogen atoms on which hyperconjugation depends are observed to be split off as protons. 


2 Jones, Science, 1953, 118, 387. 

* Brown and Fletcher, J. Amer. Chem. Soc., 1950, 72, 1223. 

* Hughes, Ingold, and Shiner, J., 1953, 3827. 
___* Brown and Berneis, J. Amer. Chem. Soc., 1953,'75, 10; Brown, Moritani, Nakagawa, and Okamoto, 
ibid., 1955, 77, 3607 et seq. (5 papers); Brown, Moritani, Nakagawa, Okamoto, and Wheeler, ibid., 1956, 
78, 2190 e¢ seq. (5 papers). 
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of the steric for the inductive effect is to be total: “‘ The Hofmann rule,” he says, “ is q 
manifestation of steric effects. ... There appears to be no need to attribute any 
portion of the Hofmann-type elimination of ’onium salts to a polar effect resulting from 
the formal charge carried by the ‘onium group.” 

The field of exemplification is now E2 reactions. Our view of these is that both polar 
effects are present, with a shift of relative importance from the electromeric to the inductive 
on going from simple alkyl halides to ‘onium ions in polar solvents. Steric hindrance is 
expected only above a certain level of branching density. 

The original idea underlying a general steric basis for the Hofmann rule was that, as 
more space is open to the attacking base at primary than at secondary @-hydrogen, the 
former reaction-site will be preferred. Schramm ® first advanced this concept, but its 
advocacy is due to Brown, whose three arguments, based mainly on orientational data, 
must now be summarised. 

The first is illustrated by the following effects of alkyl structure on the composition of 
olefins formed from alkyl bromides and ethoxide ions: 


R in R’CH,’CMe,Br But 
Alk-2-ene (%) per secondary p-H 7 
Alk-l-ene (%) per primaiy p-H 14 


In the “regular shift” from Saytzeff-type to Hofmann-type orientation was seen a 
reflection of the progressively growing ‘‘ steric requirements ” of R, and hence an argument 
for the generality of the steric explanation. We question the description ‘ regular shift,” 
and note that the main change of type is with the last example, where, if anywhere, a 
non-bonding interaction might become important,.or else, as we have explained before, 
the bonding interactions possible in that type of structure. It is not recorded whether 
the changed orientation is associated with a decreased or increased rate. 

The second argument relates to variations in the attacking base. Several substrates 
and bases were used, but the following results are typical, and as relevant as any to the 
generalised steric interpretation: 


2-Butyl bromide with EtO- in EtOH ButO- in ButOH 
Alk-2-ene (%) per secondary 8-H 41 23 
Alk-l-ene (%) per primary B-H 6 18 


The shift in the attack from secondary in the direction of primary hydrogen, as the reagent 
is changed from ethoxide ion to t-butoxide ion, was ascribed to the greater space-demands 
of the latter. However, we think that the change to the t-butyl base-solvent system has 
made other significant differences. In it, the stronger base will increasingly promote 
electron-supply to CgC, in the transition state, and the Jess solvating solvent will 
increasingly inhibit electron-withdrawal from CgC, in the transition state, all this reducing 
its unsaturation and thus diminishing the predominance of the Saytzeff pattern. 

Brown's third argument concerned variations in the eliminated group, which, in 
reactions of l-methylbutyl (2-pentyl) compounds with ethoxide ions, affected olefin 
composition as follows: 


X in CH,’CH,CH,CHX-CH, ... Br I OTs SO,Me SMe,* NMe,* 
Alk-l-ene (%) 31 30 48 89 87 98 
(Ts = p-C,H,Me-SO,.) 


From the halides to the ‘onium ions, the orientation changed, as is usual, from Saytzeff- 
type to Hofmann-type. The proposal was that the larger steric requirements of the 


* Schramm, Science, 1950, 112, 367. 
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‘onium groups were responsible. However, the alternative seems to us still open that the 
responsible factor was their charge, or, more accurately, their electronegativity.* 

Because none of these results is critical for the conclusion drawn, we have sought more 
discriminating methods, but meanwhile considerable success in this has been achieved by 
others. W. H. Jones showed * that £2 eliminations involving the nitro-group, like those 
involving the sulphone group, follow the Hofmann orientational pattern. He noted that, 
as the nitro-group, like the sulphone group, contains bound ionic centres, it would be 
expected on the polar view to behave analogously. He noted also that the nitro-group 
is so small, and his structures so simple, that a steric explanation was scarcely conceivable. 

By employing the more intensive method of kinetics, albeit outside the field of simple 
alkyl structures, several groups of authors have conclusively identified the inductive 
effect in E2 eliminations.“ For example, Saunders and Williams record rates, such as 
the following, for the E2 reactions of ethoxide ions with fara-substituted phenethyl 
bromides and dimethylsulphonium ions, reactions in which the steric effect of the para- 
group must be negligible (k, in sec. mole™ 1. at 30°): 

R in R-C,H,CH,CH,X MeO Me H cl COMe NO, 
105k,, X = Br 23 42 191 3720 74,200 
10°%,, X = SMe,* 232 500 2440 — a= 
It is qualitatively obvious that these rates disclose a polarity series, and the authors 
proceed to show, by means of Jinear free-energy comparisons, that they~ correspond 
quantitatively to a polar effect of the variable group on acidity at the reaction site in the 
substrate. 

However, any critical investigation of the causal basis of the Hofmann pattern must 
go back to the simple alkyl structures, in which that pattern was first recognised, and for 
which the electrostatic interpretation was given, which Brown wishes to replace by a 
steric interpretation. For the issue is not whether steric hindrance can enter when 
a molecule is complicated enough, but whether it has basic responsibility for the total 
Hofmann pattern. We have therefore to start with an ethyl group in an ‘onium ion, 
and build homologues by 6-extension. Owing to the steep bank in the non-bonding 
energy curve, a steric effect, once it starts, should build up very rapidly with increasing 
material density about the reaction site. On the other hand, an electrostatic effect is 
subject to the attenuation of relay, and thus should show gentler and more monotonous 
forms of variation, which can be predicted by empirical comparisons and also very roughly 
computed. The distinction should be diagnostic below the threshold of structural 
elaboration at which steric hindrance enters as a complication. 

This approach has been successfully applied in an orientational investigation of basic 
‘onium eliminations by P. A. S. Smith and Frank," who mass-spectrometrically analysed 
the olefins obtained from quaternary ammonium hydroxides containing different, 
simultaneously present, olefin-forming alkyl groups. A consistent Hofmann-type 
orientation was displayed, and, as the authors noted, the pattern of their analytical figures 
showed clearly that the inductive effect, and not the steric effect, was responsible, though 
some incursion of the latter in the most complex cases was possible. This important 
contribution seems in danger of being overlooked, Brown having omitted to mention it 

* Illusory support for Brown’s thesis has been offered by Cope and others’? on the basis that the 
pyrolysis of amine oxides shows an indecisive orientation, i.e., one between the Hofmann and Saytzeff 
types. This might happen if the transition state were cyclic (Ei) and somewhat unsaturated. ow- 
ever, these authors’ conclusions that, because effects of polarity and unsaturation cancel, they are 
individually insignificant, that polarity is therefore insignificant in bimolecular, ‘onion decompositions 


(£2), and that accordingly these can owe their Hofmann-type orientation only to steric effects, are 
obviously inconsequential. ‘ 


” Cope, Lebel, Lee, and Moore, J. Amer. Chem. Soc. 1957, 79, 4720. 
* Hine and Langford, J. Amer. Chem. Soc., 1956, 78, 5002. 

* DePuy and Froemsdorf, J. Amer. Chem. Soc., 1957, 79, 3710. 

© Saunders and Williams, J. Amer. Chem. Soc., 1957, 79, 3712. 

" Smith and Frank, J. Amer. Chem. Soc., 1952, 74, 509. 
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in any of the eleven subsequent papers in which he advocated a general supersession of the 
inductive by a steric interpretation. 

We used the same approach, but with the tool of kinetics, so that we could employ 
‘onium structures each having only one olefin-forming alkyl group. We shall here describe 
a main and two supplementary investigations. 

(2) Main Experimental Investigation.—This was on the kinetics of formation of olefins 
from primary alkyl groups in E2 reactions of ‘onium ions. The only prior work in this area 
is that of Hughes, Ingold, and Maw,!” which related to series (1) below, and is now extended 
in that series. We have examined the following four series: 


(1) RR’CH*CHySMe,+ + EtO- in EtOH 
(2) RR’CH*CH,*SMe,* + ButO- in ButOH 
(3) RR’CH*CH,*NMe,+ + EtO- in EtOH 
(4)  RR’CH*CH,*NMe,+ + ButO- in ButOH 


where R = H, Me, Et, Pr‘, But, and R’ = H, Me. 
The sulphonium salt decompositions followed three concurrent paths, often to 
comparable extents: 
RR’CH*CH,"SMe + igg | Gu 
RR’CH*CH,’SMe,* + AlkO- —> { RR’CH:CH,‘OAIk + SMe, . 
RR’C:CH, ++ HOAIk+SMe, . . . . . (€2) 


whilst the ammonium salt decompositions pursued nearly exclusively the following two, 


RR’CH*CHy*NMe, + MeOQAlk =... . (Sy?) 
RR’C:CH, + HOAIk+NMe,. . . . . (€2) 


RR’CH*CHg*NMegt + AlkO- ——> { 


In all examples, the overall process, as measured by base consumption, was kinetically of 
second order, apart from expected salt effects. The second-order rate constants remained 
steady over large parts of all the runs, and were the same for runs with different initial 
concentrations of reactants at the same total salt concentration. Rate comparisons were 
accordingly made at common concentrations of total salt. In the strongly basic conditions 
of these experiments, solvolytic reactions were completely negligible, as also were reactions 
involving weakly nucleophilic anions, such as iodide, which in some experiments were 
present in addition to the alkoxide. Olefin formation was followed as a function of time, 
and it was found that the proportion in which the total reaction led to olefin did not vary, 
either during a run, or when initial concentrations were changed from run to run. All 
this showed that concurrent Sy2 and E2 reactions were under observation. Therefore, 
for each ‘onium salt studied, we measured both the second-order rate constant for base 
consumption, k,, and the proportion in which the overall reaction led to olefin. This 
allowed us to compute the separate second-order constants, k,(Sy2) for substitution, and 
k,(E2) for elimination. 

Our results for the salts of series (1)—(4) are in Tables 1—4, respectively. We shall 
comment first on the broader features of these figures, leaving for the moment the detailed 
forms of the effects of alkyl structure. We shall argue in Section 3 that the general 
features of the data can be plausibly interpreted on an electrostatic basis, and give no 
indication of widespread steric effects. 

(3) General Features of the Results —In each of the series (1)—(4), the substitution 
rate is almost independent of alkyl structure. This is no less true when the substituting 
agent is the larger t-butoxide ion than when it is the smaller ethoxide ion. It is also as true 
for the sulphonium as for the ammonium salt series, though the two terminating ionic 
groups are unlikely to have the same steric requirements. 

In contrast, the elimination rates depend strongly on alkyl structure, varying in the 
different series over ranges between 10? and 105. Though the qualitative form of the 


* Hughes, Ingold, and Maw, J., 1948, 2072. 
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TABLE 1. Second-order rate-constants (k in sec. mole 1.) and olefin proportions (%) im 
reactions of RR’'CH*CH,°SMe,* with EtO~ in EtOH at 64-08°. 


AlkSMe,* 105, Olefin 10°, (Sy2) 105k, (E2) 
480 —_ 480 
383 20- 304 
381 . 352 
406 ‘ 385 
431 ° 415 
361 , 361 
503 , 493 


| 2 


Isopentyl 
Neohexy! (3,3-dimethylbuty]) .. 
Isobutyl 


K-geieoieoserier 


TABLE 2. Second-order rate constants (kz in sec.1 mole* 1.) and olefin proportions (%) 
in reactions of RR’'CH-CH,°SMe,* with ButO- in ButOH at 34-86°. 


AlkSMe,* R’ 105k, Olefin 1052, (Sy2) 105k, (E2) 
H 835 32-5 564 2 
H 402 4 “2 369 
H 350 331 
H 343 , 335 
H 


Isopentyl 
_ 270 ° 267 


Neohexyl 


TABLE 3. Second-order rate constants (ky in sec.» mole* 1.) and olefin proportions (%) 
in reactions of RR’ CH-CH,*NMe,* with EtO~ in EtOH at 104-22°. 


AlkNMe,* 10°, Olefin 105%, (Sy2) 105k, (E2) 
20-3 20-3 se 
101-8 . 30-5 71: 
27-6 22-4 
26-6 . 23-8 
17:3 . 14-7 
26-4 . 25-3 . 
24-0 . 24-0 -084 
27-1 25-4 68 


| 2 


H 
H 
H 
H 
H 
H 
M 


TABLE 4. Second-order rate constants (k, in sec. mole* 1.) and olefin proportions (%) 
in reactions of RR’'CH-CH,*NMe,* with Bu'O~ in ButOH at 72-85°. 
AlkNMe,* R’ 10°k, Olefin 10°2,(Sy2) 10°, (E2) 
H 30,200 * 99-8 = 30,100 
513 72-8 140 373 
274 31-9 186 87-7 


Isopentyl 211 10-7 188 22-5 
Neohexyl 181 0-42 180 0-72 


* Extrapolated from measurements at lower temperatures. 


variation always conforms to the Hofmann pattern, the quantitative spread of rates is 
markedly greater in the ammonium than in the sulphonium salt series. On an electro- 
static view of Hofmann control, the greater spread of rates in the ammonium series would 
be ascribed to the greater electronegativity of the trimethylammonium than of the di- 
methylsulphonium pole, as established, for example, by their orienting effects in aromatic 
substitution. 

Olefin proportions are generally larger in the ammonium than in the sulphonium salt 
series. This also can be ascribed to the greater electronegativity of the ammonium than 
of the sulphonium pole, because, in elimination, either pole activates the same 6-hydrogen, 
whereas in substitution, the greater electronegativity of the ammonium pole is set against 
its greater bond stability. 

All rates, both of substitution and elimination, in both the sulphonium and the 
ammonium salt series, are much greater at a common temperature in the t-butoxide- 
t-butyl alcohol medium than in the ethoxide-ethanol medium. This is to be expected 
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from both the greater basic strength of the t-butoxide ion than of the ethoxide ion, and the 
smaller ion-solvating power of t-butyl alcohol than of ethyl alcohol. 

Apart from one individual result, which is to be specially discussed (Section 11) the 
spread of elimination rates under alkyl variation, in both the sulphonium and the 
ammonium salt series, is greater in the t-butoxide-t-butyl alcohol medium than in the 
ethoxide-ethanol medium. On the theory of electrostatic orientation, this is easily 
understood, because a considerable part of any inductive effect consists in a “ direct 
effect ” transmitted through the medium, and that part becomes strengthened as the 
dielectric constant of the medium becomes reduced. 

The sensitivity to medium of the extent of spread of elimination rates under alkyl 
variation is greater for the ammonium than for the sulphonium salts. This is a natural 
consequence of electrostatic orientation, because the greater electronegativity of the 
ammonium pole will establish the inductive effect, which is medium-dependent, in stronger 
and more nearly exclusive control in the ammonium than in the sulphonium salt series. 

In both the sulphonium and ammonium series, the proportions of olefin are generally 
greater in the t-butoxide—t-butanol medium than in the ethoxide-ethanol medium. In 
elimination, unlike substitution, activation arising from the ‘onium centre has to be 
transmitted to 6-hydrogen. Accordingly the difference mentioned can be ascribed to the 
stronger transmission of electrostatic induction in the medium of lower dielectric constant. 

The sensitivity of olefin proportions to medium is more marked in the ammonium than 
in the sulphonium salt series. Once again, this is an expected result of electrostatic 
orientation, because the greater electronegativity of the ammonium pole will establish the 
inductive effect, which in elimination has to be transmitted, in part through the medium, 
in stronger control in the ammonium than in the sulphonium salt series. 

We do not see how the eight preceding general relations exhibited by our rate data, 
which uniformly illustrate Hofmann-type orientation, could be understood on the basis of 
any self-consistent picture of an exclusive steric control of such orientation. 

(4) The Structural Rate Pattern.—We shall find it convenient for our discussion of the 
detailed effects of alkyl structure on elimination rates in series (1)—(4), to consider these 
rates in the form of free-energies of activation, G*. This allows us to set down the 
differences, AG*, which arise when, in the parent olefin-forming group RR’CH-CH, with 
R = R’ = i, either R or R’ is replaced by Me, Et, Pr', or But; and to set down also the 
second differences, AAG*, which result from the replacement of any R or R’ by its next 
higher homologue. These first and second free-energy differences are given in Table 5. 


TABLE 5. Effects of alkyl structure on the free energies of activation (kcal./mole) in 
olefin elimination. 


Alkyl-SMe,*+ Alkyl-NMe,*+ 
(1) EtO- (2) ButO- (3) EtO- (4) ButO- 

Alkyl p-R AGt AAGt AGt AAGt AGt AAGt AGt AAG 
Ethyl ............ H 0 0 0 0 0 0 0 0 
n-Propy]l ......... Me 0-67 O67 +129 £«4+129 196 1:96 302 3-02 
n-Butyl ......... Et 0-88 O21 163 O34 244 048 401 0-99 
Isopentyl ...... Pr! 106 O18 216 O53 317 £073 495 0-94 
Neohexyl ...... But 349 243 #271 4055 507 £«2+190 7:32 236 
Isobutyl ......... Me, 1-38 —_ —_ ne 2-81 _ — _ 


These figures naturally reflect some of the general relations already noted. Thus the 
first differences, and also the second differences, change from series to series in the order 
(4) > (3) > (2) > (1). However, one of the alkyl groups, neohexy] (3,3-dimethylbuty]l), 
breaks this regularity between series (2) and (1). 

In series (2), to describe that first, the largest second difference accrues when the 
y-carbon atom is first introduced into the growing alkyl chain, 7.¢e., the n-propyl group; 
and, then, three comparable and considerably smaller second differences are successively 
added as three 8-carbon atoms are successively included, in the n-butyl, isopentyl, and 
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neohexyl groups. Qualitatively, this is a form of variation which is to be expected from 
control by the inductive effect, but would be difficult to attribute to a steric effect. The 
same description applies to series (1), (3), and (4), if, in these series, we limit the number 
of added 8-carbon atoms to two. For convenience in the ensuing discussion, we shall 
designate this much of the total array of results as the “‘ normal pattern.” In series (1), 
(3), and (4), the neohexyl group is associated with especially large free energies. These 
constitute what we shall call the “‘ anomaly.” 

There is internal evidence that quite different causes underlie the normal pattern and 
the anomaly; for the latter follows its own very different pattern. Thus, whilst all 
energy differences of the normal pattern are considerably greater in the ammonium than 
in the sulphonium salt series, the largest second difference within the area of the anomaly 
is in the sulphonium series. Again, whereas in the normal pattern sensitivity to the 
change of medium is greater in the ammonium than in the sulphonium series, the effect of 
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that change on the anomaly is much greater in the sulphonium series. Therefore we do 
not think that the cause of the anomaly has any connexion with that of the Hofmann rule, 
i.e., with electronegativity. The absence of suitably situated hydrogen excludes its 
derivation from the Saytzeff-rule cause, #.e., hydrogen-hyperconjugation. Furthermore, 
our alkyl structures were chosen with a view to avoiding such situations as might bring 
into play those bonding interactions which at greater intensity produce fragmentations 
and rearrangements. Not only for these negative reasons, but also for the positive ones 
mentioned in Section 11, we think that the cause of the anomaly is steric. 

(5) More Detailed Consideration of the Inductive Effect.—Let us turn back to the normal 
pattern, and examine its inductive interpretation more closely. The simplest development 
of this view would be on the lines of one of the earlier treatments, such as that of Branch 
and Calvin,!* of the inductive interpretation of the acid-strengths of carboxylic acids, since 
our problem is one of the propagation of an acidifying influence. We might assume 
either (a) that AGt = I + ni, where J and i are the free energy increments associated with 
y- and 8-carbon atoms respectively, and m is the number of the latter, or (b) that the 
inductive effect is damped uniformly by Branch and Calvin’s factor of 2-8 for each carbon 
atom traversed, i.e., that AG* = I(1 + m/2-8). Values computed by these two methods 
are compared with the observational data in Fig. 1, where the anomaly of the neohexyl 
group stands out clearly. 


48 Branch and Calvin, ‘‘ Theory of Organic Chemistry,”’ Prentice-Hall, New York, 1941, p. 201. 
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A more fundamental approach is to try to calculate the charge distribution in the alky| 
groups from the electric fields in the bonds and the longitudinal bond polarisabilities, as 
has been done by Remick, and also by Eyring and others. Then, from the calculated 
@-hydrogen charges, one can compute electrostatic work terms for the proton transfers, 
and assume these to be contributions to the activation energies of the eliminations. 

Bond polarisabilities are better known !¢ now than at the times of the former calculations, 
particularly as regards the C-C bond; but for the C-N and C-S bonds values must be 
assumed, and our assumed values were obtained by applying to the recorded spherical- 
average polarisabilities of these bonds.” the known principal polarisability ratios of the 
C-C bond.4*® The fields in the C-C and C-H bonds were computed by assuming coulombic 
contributions with Slater screening from the separate atoms. A major difficulty presented 
itself in the computation of fields in the bonds between carbon and the other polyelectronic 
atoms, because these fields depend on small differences between large quantities, which are 
not determined accurately enough by these methods. Eyring and his co-workers, who 
were calculating the dipole moments of the halogenoalkanes, encountered the same 
difficulty, and avoided it by replacing this particular part of their calculation by an 
empirical correlation with a known dipole moment. We were dealing with ions of unknown 
dipole moment, and we wanted to know the amount of charge remaining on the onium 
atoms.* We could see no way to deduce this reliably, and therefore took it as one-half of 
the formal charge, feeling that at least the uncertainty would be within a factor of 2. We 
knew that our results could be wrong by such a factor for other reasons, notably, that we 
neglect the direct effect, 7.e., induction transmitted through the solvent, though this must 
constitute a considerable fraction of the total induction: we neglect the direct effect 
because of the well-known difficulty of improving the quantitative performance of the 
Bjerrum theory sufficiently for this type of application. In short, our calculation does 
not aspire to do more than account for an order of magnitude and a pattern of variation of 
kinetic results, preferably those applying to a medium of high enough dielectric constant 
to transmit only a relatively small direct effect. 

With the modifications described, we used the data and methods of Eyring.“ Two 
general points emerged. One was that, across each carbon atom, the calculated inductive 
effect became attenuated by a factor of about 5, instead of the factor of about 3 which 
would have fitted our results much better (cf. Fig. 1). The second feature was that the 
fading of the effect at the remote ends of the alkyl groups was more rapid than our results 
require. Qualitatively, both these features would be expected from the neglect of the 
direct effect, which will always carry an appreciable fraction of the induction, that fraction 
rising, because of the difference between power-law and exponential fading, as the intra- 
molecular path of induction lengthens. 

The calculated reductions, caused by the alkyl residues attached to the $-carbon atom, 
of the positive charge q residing on the $-hydrogen atom, enabled us to compute work 
terms, representing the inductive effect of structure variation on the proton-extraction 
process, from the formula —Age/r, where e is the electronic charge, and 7 is the charge 
separation between the attacked hydrogen and the attacking alkoxide ion in the transition 
state. The uncertainty in 7 is not critical in this context: the H - - - O charge-separation 
is probably somewhat smaller than the internuclear separation, which however is some- 
what larger in the transition state than in the normal bond; and so, in order to have a firm 
figure, we adopted the normal bond-length as our approximation for 7. We took token 

* It could be derived by volume-integration from a sufficiently accurate and detailed electron- 


density map obtained by determination of the crystal structure of a suitable ‘onium salt. No relevant 
structure determination of the required standard has yet been completed. 


14 Remick, J. Chem. Phys., 1941, 9, 653. 
18 Smith, Ree, Magee, and Eyring, J]. Amer. Chem. Soc., 1951, 78, 2263; Smith and Eyring, ibid., 
1952, 74, 229. 
16 Le Févre and Le Feévre, J., 1956, 3549. 
17 Vogel, Cresswell, Jeffery, and Leicester, J., 1952, 531. 
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account of the entropy term in the free energy, by allowing for the changes, between one 
alkyl group and another, in the number of §-hydrogen atoms, and thus we obtained the 
free-energy differences given in Table 6, where they are compared with the activation 
free-energy differences observed in ethanol, the medium having the higher dielectric 
constant of the two that we employed. 

From these calculations it appears that we ought to expect the inductive effect to 
produce free-energy differences of the order of magnitude of those observed, and, except 
for the neohexyl group, according to the pattern of those observed. 


TABLE 6. Calculated alkyl inductive effects in ’onium ions on 8-hydrogen charges and thence 
on free energies of activation of E2 eliminations; and comparison with observed free 
energies of activation in ethanol. 











Alkyl-SMe,* Alkyl-NMe,* 

‘10*Ag/e AGt (kcal./mole) 10°Ag/e AGt (kcal. /mole) 
Alkyl Calc. Obs. Calc, Obs. 

LES 0 0 0 0 0 0 
n-Propyl 13 0-72 0-67 3-8 2-0 1-96 
Isobutyl 2-5 1-60 1-38 7-4 3-4 2-81 
n-Butyl 1-5 0-80 0-88 41 1:7 2-44 
Isopentyl 1-6 0-83 1-06 4:2 1-8 3-12 
Neohexy] 1-7 0-87 3-49 4:5 1-9 5-07 


(6) Application to Recorded Product Compositions.—Many more ‘onium eliminations 
have been studied with respect to product compositions than with respect to kinetics, and 
it would be a formidable task to cover kinetically all the significantly different examples for 
which data on products are recorded. It is therefore of interest to see how far the pattern 
of structural effects revealed by our limited kinetic study can interpret the existing large 
body of data on product compositions. To this end, we have surveyed the literature of the 
basic decompositions, for which product compositions have been recorded, of acyclic 
tetra-alkylammonium and trialkylsulphonium salts. We did not include cyclic ‘onium 
salts because of the variety of special stereochemical conditions they involve. All the 
eliminations obey the Hofmann rule, with the generalisations and exceptions predicted 
by accepted polar theory. All the reactions may be safely assumed to proceed by the 
bimolecular mechanisms, Sy2 and E2. They are nearly all reactions, lacking kinetic 
control, of ’onium hydroxides, or in a few cases ethoxides (which behave very similarly 
to hydroxides), in very concentrated solutions, at undetermined temperatures considerably 
higher, particularly in the ammonium salt series, than would be used in a kinetic 
investigation; and in these conditions they give, especially in the ammonium series, 
enhanced proportions of olefin. 

For ammonium hydroxides giving only one olefin, we have assumed that substitution 
occurs only at methyl, and for each methyl at a rate independent of the other alkyl groups. 
We have also assumed that, relatively to substitution, the rate of elimination is increased 
by a constant factor on going from our kinetic conditions to pyrolysis conditions. From 
the yield of propene from trimethyl-n-propylammonium hydroxide, we assess this factor 
as 24, and use it for all ammonium salts. The olefinic bond is assumed to enter the branches 
of an unsymmetrical secondary or tertiary alkyl group in the ratio of the rates applying 
to the comparable primary alkyl groups. The olefin proportions, thus calculated from 
the rate data of Table 3, are compared in Table 7 with the proportions recorded in the 
literature. For sulphonium hydroxides yielding a single olefin, the method of calculation 
was the same, except that the constant factor, assessed from the yield of ethylene from 
ethyldimethylsulphonium hydroxide, was 1-5, and the now appreciable substitution in 
the primary alkyl groups was taken as having a rate one-fifth of that of substitution in the 
methyl group. The olefin proportions, thus calculated from the rates of Table 1, are 
compared in Table 8 with the values available in the literature. 
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TABLE 7. Proportions (%) of olefin from pyrolyses of RNMe,*OH-. 


Ref. R Found Cale. Diff. Ref. R Found Calc. Diff, 
18,19 Ethyl 95, 100 98 0 19 Isopentyl 72 62 —10 
18,19 n-Propyl 84, 81 (83) (0) 1l Neohexyl 20 14 —6 

7,19, 20 n-Butyl 79,77,75 80 +3 18 2-Ethylbutyl 43 ee 
19 n-Pentyl 77, 82 76* —3 18 3-Piopylpentyl 31 — fo 

19 n-Hexyl 76 76* 0 18 Isopropyl 100 100 0 

19 n-Heptyl 74, 77 76 * 0 18 s-Butyl 100 99 —1 

19 n-Octyl 75 76* +41 18 1-Methylbutyl 100 99 —] 

20 n-Decyl 79 80 +1 7 1-Ethylpropyl 98 94 —4 

20 n-Docosyl 82 76* —6 21 1,2,2-Trimethylpropyl 100 100 0 

19 Isobutyl 63 70 +7 18 t-Butyl 100 100 0 


* Based on &, (E2) = 2-0 x 10-5 sec.~' mol.“ 1. for normal homologues higher than butyl under the 
conditions applying in Table 3. 
+ The rate data needed for these calculations are not available. 


TABLE 8. Proportions (%) of olefin from pyrolyses of RR'R”S*OH-. 


Ref. R R’ R” Found Calc. Diff. 
22 Ethyl Methyl Methyl 27 (27) (0) 
22 n-Propyl Methyl Methyl 8 10 +2 
22 n-Butyl Methyl Methyl 4 8 dg 
20* n-Hexyl Methyl Methyl 19 ~7 79 
20* n-Decyl Methyl Methyl 21,9 * ~7 —2 
22 Isobutyl Methyl Methyl 2 2 0 
22 Isopropyl Methyl Methyl 63 81 ft +18 
22 t-Butyl Methyl Methyl 100 100 + 0 
23 Ethyl Ethyl Methyl 55 52 —3 
23 Ethyl Ethyl Ethyl 86 80 —6 
23 n-Propyl n-Propyl Methyl 18 27 +9 
23 n-Propyl n-Propyl n-Propyl 36 57 +21 
24 Isopropyl Isopropyl Isopropyl , 100 100 0 


* The second n-decyl figure under ‘‘ Found ”’ is the result of our revision of this experiment. 
+ Calculated with rate values already recorded (Hughes e¢ al., J., 1948, 2077, 2084). 


Many ‘onium eliminations give mixtures, either of non-isomeric or of isomeric olefins, 
and this affords the opportunity to apply our rate-figures in the calculation, not only of 
olefin yields, but also of olefin compositions, including isomer ratios. The only additional 
assumption necessary is that, when different olefin-forming alkyl groups are present 
together in an ammonium or sulphonium ion, they will become olefinic in the ratio of the 
rates at which they would do so if each were the only olefin-forming group in its ammonium 
or sulphonium ion. The available experimental data for two series of ammonium ions, 
and the corresponding figures calculated from our rates, are given in Tables 9 and 10. 
A similar comparison for sulphonium ions is in Table 11. 

Some of the few misfits in Tables 7—11, which contain all the relevant recorded data, 
may have experimental causes, as in the one case which, having on hand the material 
required, we took the opportunity to check (Table 8). Whatever may be the truth about 
the others, the general reproduction, from our rates by such a “ peasant ”’ calculation as 
this, of the considerable mass of existing observations on product composition, is sufficiently 
good to leave no doubt that the pattern of structural kinetic effects, which our necessarily 
limited kinetic investigation discloses, is indeed the pattern to which ‘onium decom- 
positions with strong bases as a whole conform. 

(7) First Subsidiary Experimental Investigation.—Left over for discussion from the 
results of our main investigation was the “ neohexyl anomaly.” But before dealing with 
that, we must report, in order to allow consideration along with it, the results of two 

18 Hanhart and Ingold, J., 1927, 997. 

1® Ingold and Vass, J., 1928, 3125. 

2 von Braun, Teuffert, and Weissbach, Annalen, 1929, 472, 121. 
*1 Stevens and Richmond, J. Amer. Chem. Soc., 1941, 68, 3132. 
#2 Ingold, Jessop, Mandour, and Kuriyan, J., 1933, 533. 


23 Ingold and Kuriyan, /., 1933, 991. 
*4 Gleave, Hughes, and Ingold, J., 1935, 236. . 
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TABLE 9. Yields (%) of olefin, proportions (%) of lower homologues, and aa tara 
(%) of alk-1-ene isomers, from pyrolyses of RR’'NMe,*OH-. 


Yield: Olefin Lower homol. or l-isomer 

Ref. R R’ Found Calc. Found Calc. Diff. 
7 Ethyl n-Propyl 96 99 98 93 —5 
7 Ethyl n-Butyl 98 99 98 96 —2 
7 Ethyl Isopropyl 94 100 41 30 —ll 
7 Ethyl Isobutyl 95 98 99 98 —1 
7 Ethyl t-Butyl 91 100 7 4 —3 
7  n-Propyl n-Butyl 94 94 60 64 +4 
7 n-Propyl Isobutyl 94 94 73 75 +2 
7  n-Propyl Isopentyl 96 94 75 82 +7 
7  n-Propyl n-Decyl 95 93 60 65 +5 
7 n-Butyl Isobutyl 92 91 64 * 62* —2 
11  n-Butyl Isopenty] 83 89 66 72 +6 
11 _Isopentyl Neohexyl 68 71 91 91 0 
7  s-Butyl Methyl 97 100 95 93 —2 
25  1-Methylbutyl Methyl 100 100 98 96 —2 
26 ~=st-Pentyl Methyl 100 100 93 96 +3 
26 ~—«—1,1,3,8-Tetramethylbutyl Methyl 100 100 100 100 0 

* Proportion of but-l-ene. 
TABLE 10. Yields (%) of olefin, and proportions (%) of lower homologue from 
pyrolyses of RZR'R”N*OH~ (ref. 11). 
Yield: Olefin Lower homologue ~ 

R R’ R” Found Calc. Found Calc. Diff. 
Ethyl n-Propyl n-Propyl 99 100 96 93 —1 
n-Propyl n-Butyl n-Butyl 95 100 62 64 +2 
n-Propyl Isopentyl Isopentyl 94 100 96 82 —14 
n-Butyl Isopentyl Isopentyl 94 100 67 72 +5 
n-Propyl n-Propyl n-Butyl 93 100 83 84 +1 
n-Buty‘ n-Butyl n-Propyl 98 100 64 62 —2 


TABLE 11. Proportions (%) of lower homologues and proportions (%) of alk-1-ene 
isomers from pyrolyses of RR’R"”S*tOH-. 


Ref. R —.. R” Found Calc. Diff. 
22 Ethyl Ethyl n-Propyl 85 85 0 
22 Ethyl n-Propyl Methyl 80 73 —7 
22 Ethyl n-Propyl n-Propyl 63 60 —3 
22 Ethyl Isopropyl Methyl 25 7 —18 
22 Ethyl Isobuty Methyl 93 90 —3 
22 Ethyl Isobutyl Isobutyl 94 80 —14 
22 n-Propyl n-Propyl n-Butyl 74 73 —1 
22 n-Propyl n-Butyl n-Butyl 40 40 0 
22 Isopropyl Isobutyl Methyl 94 99 +5 
27*  s-Butyl Methyl Methyl 73 73 0 
25 1-Methylbutyl Methyl Methy] 87 80 —7 
27* t-Pentyl Methyl Methyl 86 85 —1 


* Kinetically controlled decompositions of ethoxides. 


further series of kinetic studies. They were undertaken as a contribution to the general 
question which the neohexyl anomaly raises, namely, that of at what stage of progressive 
alkyl ramification should, and does, steric hindrance enter to disturb the normal pattern 
of control of elimination. 

The four series of ‘onium salts whose kinetic study comprised our main investigation 
developed progressive branching and extension from the $-carbon atom of the alkyl chain, 
the «-carbon remaining secondary throughout. We now wanted to study alkyl branching 
and extension from the «- and §-atoms, simultaneously and not in quite the simplest cases. 

** Brown and Wheeler, J. Amer. Chem. Soc., 1956, 78, 2199. 


** Brown and Moritani, J. Amer. Chem. Soc., 1956, 78, 2203. 
*” Hughes, Ingold, Maw, and Woolf, /., 1948, 2077; Hughes, Ingold, and Woolf, J., 1948, 2084. 
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With these terms of reference it is less easy to avoid all structures in which the inter. 
vention of forces of synartesis, or of hyperconjugation related to fragmentation, might 
come into question; but it can be done within the prescription of the alkyl series, 


(5) CHRR’*CHR’”’*NMe,* + EtO- in EtOH 


provided that R and R’ are hydrogen or methyl, R” being allowed unrestricted homologous 
development with branching up to t-butyl. 

For comparisons we wanted to make with series (3), we imposed on series (5) the 
further condition that the alkyl groups should each yield only one olefin. Six alky! 
groups fulfil these conditions, but, of them, two, the isopropyl and the 1-ethylpropyl 
group were too simple to be interesting in this part of our enquiry. The remaining groups 
are those in the ammonium ions listed in Table 12, where we record the overall second- 
order rate constants, the olefin proportions, and the separated second-order rate constants 
of substitution and elimination. 


TABLE 12. Second-order rate constants (k, in sec. mole* 1.) and olefin proportions (°/,) 
in reactions of CHRR’*CHR”*NMe,* with EtO- in EtOH at 100-60° (series 5). 


Ammonium ion 10°k, Olefin 10°, (Sx2) 10°, (E2) 
CH,CHBu+NMe,t  ........:..cc00e 227 53-3 105 122 
CH,Me-CHBu*NMe,* ........000000. 127 9-3 116 11-8 
CHMe,‘CHBu“NMe,* ........600000. 289 1-9 283 55 
CHMe,°CHPr'*NMe,* .......000c000+ 273 20-1 218 54:6 


(8) Second Subsidiary Experimental Investigation.—The object of this series of experi- 
ments was to check the explanation we shall offer of the neohexyl anomaly, by finding out 
what happens to it in the presence of an a-phenyl substituent, which has a predictable 
effect on the polar and steric situation, and might have a dramatic effect on the anomaly. 
The series studied was: 


(6) CHgR*CHPh*SMe,* + EtO™ in EtOH 


where R is allowed homologous development with branching up to t-butyl. The series 
actually investigated is short of one member, but it is complete enough to provide the 
background needed to appreciate the result of main interest, viz., that given by the 
a-phenylneohexyl salt. Our overall rate constants, the olefin proportions, and the 
dissected rate constants of substitution and elimination, are given in Table 13. 


TABLE 13. Second-order rate constants (k, in sec. mole 1.), proportions of the total reaction 
which lead to olefin, and proportions of the total substitution which are sited in the a- 
phenylated alkyl groups of CH,R*CHPh:SMe,* in its reactions with EtO- in EtOH at 
34°87° (series 6). 


Olefin Subn.in 105, (Sy2 10°, (Syx2 
Alk in AlkSMe,* 10°, (%) Alk (%) in Alk) in Me) 10°, (E2) 
CH,-CHPh- ......... 248 63-8 84 76 15 158 
CH,Me‘CHPh- ...... 124 32-2 59 50 35 40 
CH,PrCHPh- ...... 180 28-0 36 47 83 50 
CH,Bu“CHPh- ...... 559 22-0 13 56 380 123 


Substitution in alkyldimethylsulphonium salts usually occurs mainly in the methyl 
groups, but the a-phenyl substituent in the alkyl groups of series (6) evidently attracts 
the seat of substitution to the phenyl-bearing position. Substitution predominates in 
this position in the simpler members of series (6), but sinks again to secondary importance 
in the higher homologues of the series. 

(9) General Consideration of Steric Effects—We consider as steric effects those kinetic 
effects which are thought to arise from differences of interpenetration pressures, 
theoretically ascribed to antibonding exchanges of paired electrons, in the transition 
and initial states of reaction. The major pressures are usually those of bimolecular 
transition states. We assume that the £2 transition state tends to an anti-conformation 
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of the bonds being broken. We do not know how deep is the torsional energy hollow in 
which the anti-conformation lies, but, judging from some figures which concern bimolecular 
elimination in ring compounds * and suggest that a twist of 60° raises the activation 
energy by 5—8 kcal./mole, we suppose that a twist of 10° would not produce a noticeable 
energy effect, whereas twists of 20° or more probably would do so. 

However, even a strict anti-conformation does not define the geometry of all the bonds 
about the developing double bond in the transition state. One reason for this is that it is 
not a requirement of any concerted process of reaction that all the bond-changes must at 
all times keep exactly in pace with one another. We know that, in Sy2 substitutions, 
electron import and export by the reaction site, even though this is concentrated on one 
atom, do not exactly balance in the transition state, the lack of balance being the reason 
why that reaction is subject to inductive polar influences. In E2 eliminations, the reaction 
site spreads over several atoms, and so it is even easier here, as Saunders and others have 
already noted,”*.% for one of the correlated bond changes to have run ahead of another by 


oe ? e en 
Fic. 2. Forms of E2 transition state. + 7 H 
(A) Towards ElcB 
(B) Synchronous 
(C) Towards E1 , 
xt ' ' 
(A) (8) @x* (c) @x* 


the time that the transition state is reached, though the bond changes are still concerted 
in the sense that neither could continue without the other, as, indeed, we know from the 
experimental evidence of second-order kinetics, combined with an absence of prior hydrogen 
exchange.*".3!_ Hence, depending on which bond change makes the more progress initially, 
the transition state may “ lean ”’ from the strictly synchronous form B in Fig. 2, either 
towards an ElcB-like form A, or towards an El-like form C, all without losing its E2 
classification. These variations of form will arise from polar influences. Hofmann-type 
elimination, implying, as it does, acidic 6-hydrogen, will correspond to A-type deviation. 
Saytzeff-type control of elimination implies strong unsaturation, either as in B, or with 
C-type deviation. The best double-bond, and the flattest structure, will arise when the 
concerted bond changes are strictly synchronous, as in B. 

We can expect the £2 transition states of the Hofmann-rule-controlled reactions of 
‘onium salts to be generally within the range A-to-B; but there should be differences, 
according to the type of salt and the solvent. Form A should be more closely approached 
by ammonium than by sulphonium salts, because of the stronger polarity, and hence the 
stronger acidifying effect of the ammonium than of the sulphonium pole. For a given 
type of ‘onium ion, ammonium or sulphonium, form B should be approached more closely 
in the less polar t-butyl alcohol as solvent than in the more polar ethanol; for it is lack of 
an adequate ion-solvation that promotes separation of the X* group. Thus, the reactions 
in series (3) and (5) of ammonium salts in ethanol should have transition states most like A, 
whilst the reactions of series (2) of sulphonium salts in t-butyl alcohol should have them 
most like B. 

Six types of steric compression are conceivable in E2 reactions of the system B~ +- 
H-CgRgRg-C,R,R,-X*, supposing that no limit is imposed on constitutional complexity. 

*® Cristol and Hause, J. Amer. Chem. Soc., 1952, 74, 2193; cf. Cristol, Hause, and Meek, ibid., 1951, 
78, 674; Hughes, Ingold, and Pasternak, J., 1953, 3832. 

* Cram, Green, and DePuy, J. Amer. Chem. Soc., 1956, 78, 790; Saunders and ASperger, ibid., 1957, 
79, 1612; Saunders and Williams, ibid., p. 3712. 


*° Skell and Hauser, J. Amer. Chem. Soc., 1945, 67, 1661. 
** Shiner and Smith, /. Amer. Chem. Soc., 1958, 80, 4095; Saunders and Edison, ibid., 1960, 82, 138. 
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Three of them, (I)—(III) below, involve non-bonding interactions between the base and 
the cation. The other three, ([1V)—(VI), are internal to the cation, and one, (VI), is 
internal to the alkyl group itself: 


(I) B--+--Rg (QI) B----+-+Rae (III) B---++X+ 
(IV) Xt+-+-++Rg (V) Xt+-++- Ra (VI) Re--++Re 


Each of these possible compressions has to be considered, not only in the initial state 
of the reacting system, but also in its possible transition states within the range A-B. 
We used rigid models in order to make a preliminary study of the various geometrica] 
situations. But we knew, from previous work of this type,** that if, thereafter, we would 
calculate compression energies, without relaxing the condition of rigidity, the results 
obtained could only be upper limits to the real steric energies, and, where compression is 
considerable, might well be meaninglessly high upper limits. 

(10) Absence of Non-bonding Compressions Involving the Base.—A study, on the lines 
indicated, of the geometrical situations relevant to the three possible steric interactions 
(I)—({III) involving the base B~, showed immediately that no interpenetrations of any 
kind involving B~ can occur in any initial or transition state, for any base B~ up to at least 
the size and degree of branching of the t-butoxide ion, for any Rg or Rz group up to at 
least the size and degree of branching of the t-butyl group, and for either of the X* groups 
used, trimethylammonium and dimethylsulphonium. The calculated clearances were 
wide, and we formed the impression that it would require “‘ gargoyle ” molecules to produce 
compressions of any of the types (I)—(III). 

Compressions of type (I) correspond to Brown’s F-strain, which he regards as an 
important orienting influence. Contrary to him, we conclude that F-strain does not 
exist, and indeed, that no steric strains at all involving the base B~ exist, up to, and for 
some way beyond, the level of constitutional complexity specified in the preceding 
paragraph. -- 

(11) The Neohexyl Anomaly.—It is from steric interactions of type (IV), #.e., between 
X* and Rg, that we expect the lowest threshold of structural complication at which steric 
effects may enter. In our experiments of series (1)—(4), the pole X* was either trimethyl- 
ammonium or dimethylsulphonium, while the residue Rg ran through the branching 
homologous series from hydrogen to t-butyl. On examining the geometry of the initial 
and the two types of transition states of the E2 reactions of the ten cations involved, we 
found that none of them should exhibit any energetic effect due to compressions of type 
(IV), excepting certain transition states in which Rg has reached its limit in t-butyl, the 
whole alkyl group then being neohexy]. We can accordingly restrict further discussion 
of compressions of type (IV) to E2 reactions of the neohexy]l cations. 

Both trimethylneohexylammonium and dimethylneohexylsulphonium ions have 
compression-free conformations, and thus the initial states of their E2 reactions involve 
no compression. However, their type-A transition states involve substantial type-(IV) 
compressions. By methods elsewhere illustrated,®* we calculated for the transition state 
of the trimethylneohexylammonium ion a rigid-model compression energy of 4-5 kcal./mole, 
and for that of the dimethylneohexylsulphonium ion one of 6-5 kcal./mole, with the 
assumption, in the latter case, that the sulphur-bound methyl groups, rather than the 
unshared valency electrons of the sulphonium group, are turned towards the 6-t-butyl 
residue. However, these rigid-model figures can be regarded only as unrealistically high 
upper limits to the actual steric energy, because the transition states have several degrees 
of freedom sensitive enough to yield before such potentials. If, as an approximation, we 
suppose all the yielding to be done by the most sensitive of such degrees of freedom, 
conformational rotation about the C,-Cg bond, we can calculate the angles of rotation 
that would eliminate the calculated compressions, so replacing the compression energies 
by considerably smaller torsional energies. We cannot do what we should do, minimise 
32 de la Mare, Fowden, Hughes, Ingold, and Mackie, J., 1955, 3200. 
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the compressional-plus-torsional energy, and so the calculated angles will again be upper 
limits, but considerably closer ones, if the torsional energy function is, as we suppose, 
substantially less steep than the compressional one. The calculated angles are 24° for 
the ammonium ion, and 30° for the sulphonium ion. 

Our experimental results for the E2 reactions of these two neohexyl ions suggest (cf. 
Table 5, and Fig. 1) steric energies of about 1-4 kcal./mole for the ammonium ion in either 
the ethoxide-ethanol or the t-butoxide-t-butyl alcohol base-solvent system (series 3 
and 4), and about 2-2 kcal./mole for the sulphonium ion in the ethoxide-ethanol system 
(series 1). These two energies are about in proportion to the squares of the calculated 
angles. If we assume that this quadratic relation is the limit for low angles of a versed-sine 
function applicable up to 60°, the energy for that angle would be 8 kcal./mole, consistently 
with the rough estimate of that quantity mentioned in Section 9. 

We have still to consider what would be the position if the neohexyl transition states 
conformed to model B. If we start from model A, at first retain the R groups where that 
model puts them, and lengthen the C-X* bond by 17% as a first step in changing over to 
model B, then the twists required to eliminate compression become reduced to 10° for the 
ammonium ion, and 14° for the sulphonium ion. According to the energy relations just 
mentioned, these angles would correspond to steric energies of 0-3 kcal./mole tor the 
ammonium ion, and 0-5 kcal./mole for the sulphonium ion. And even these small energies 
disappear, if, in model B, we reduce the angle between those planes of C-R bonds which 
meet along the C,-Cg line from 60° to 40° and 32° in the respective cases. Obviously a 
transition-state model similar to A is needed in order to rationalise the experimental 
results mentioned. 

This conclusion leads to one of two possible reasons we can suggest for the striking result 
that the neohexyl anomaly disappears uniquely in the sulphonium t-butoxide of series (2). 
For in that series we have, in conjunction, the less electronegative sulphonium pole, and 
the less solvating t-butyl alcohol as solvent: in that series, more than in any other, the 
transition state should approach model B. 

Our other suggestion is based on the idea that, because of its unshared valency electrons, 
the dimethylsulphonium pole becomes solvated predominantly in their locality. In a 
strongly solvating solvent, such as the ethanol, of the reactions of series (1), the local 
solvation may force together, somewhat as in the formation of an oil-drop in water, the 
more weakly solvated hydrocarbon residues, and may thus secure that the methyl groups, 
rather than the unshared electrons of the sulphonium pole, are presented to the @-t-butyl 
residue of the neohexyl group, even though, if our interpretations are correct, the cost in 
steric energy may be 2-2 kcal./mole. But in a weakly solvating solvent, such as the 
t-butyl alcohol of the reaction of series (2), desolvation may be easy enough to allow the 
dimethylsulphonium group to turn its unshared electrons to the 8-t-butyl residue, where, 
on any reasonable estimate of their van der Waals extension, there would be plenty of 
room for them. 

(12) Search for the Next Higher Thresholds for Steric Hindrance.—We proceed next to 
consider possible steric interactions, of type (V), between X* and R,. It is immediately 
obvious that the geometrical problem is similar for initial states, and for transition states 
of type A, and so it is convenient to deal with these first. Our series 5, the work on which 
is summarised in Section 7, comprised a-branched alkyltrimethylammonium ethoxides, 
and is concerned with this problem; and it will suffice to consider the most involved 
structural situation that that series presents, namely, the one with X* as the trimethyl- 
ammonium group and R, as the t-butyl residue. Both in the initial state, and in the 
type-A transition state, we’ find small compressions; but the corresponding upper- 
limiting compression energies, calculated as before on the rigid model, amount only to 
about 0-1 kcal./mole. This in itself is negligible, and the smaller but uncertain value of 
the real energy is in any case irrelevant, because it is the same in both states and so 
contributes nothing to the activation energy. In order to make a corresponding calculation 
6P 
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for a transition state of type B, we assumed that the C-X* bond is there stretched by 17%, 
and that the angle between those planes of C-R bonds which intersect along the C,-C, line 
is reduced to 20°. The rigid-model compression energy again came to 0-1 kcal./mole, 
and so, once more, no contribution to the activation energy is furnished. We might be 
tempted here to conclude that the threshold for steric interactions of type (V) lies above 
the limits of structural complexity with which we have been concerned. However, some 
uncertainty would affect such a conclusion. For we have made no allowance for a 
solvation volume around X*: if we should have done so, and if also either the C-X*+ 
bond-length or the X*CR, bond-angle is changed on going from the initial to the transition 
state, then, depending on the balance of these geometrical changes, an energetic effect, 
in either direction, due to X* --- R, interaction, would be possible, and we could observe 
either an acceleration or a retardation. This was one of two reasons which led us to 
investigate series (5), as recorded in Section 7. 

Steric pressures of type (V) in the transition state are classified by Brown as B-strain, 
This he regards as a general cause of Hofmann-type orientation in ‘onium eliminations, 
As has been mentioned, we have designed an experimental test of B-strain, between the 
X* group trimethylammonium, which Brown regards as the most space-demanding of all 
that he considered, and a much more space-demanding R, group, t-butyl, than any that 
he examined in conjunction with it. But before reviewing our experimental results, we 
must refer to one more item of theory. 

This concerns possible steric interactions of type (VI), 7.e., within the alkyl group, 
between residues R, and Rg destined for cis-positions in the olefin. To get evidence on 
this point was our second reason for investigating series (5). Again it will suffice theoretic- 
ally to discuss only the most involved structural situation in that series, that in which 
the R groups are t-butyl] and methyl. Our study of the geometry of this case revealed 
no type (VI) compressions, either in the initial state or in a transition state of type A. 
In some transition states of type B, depending on their precise geometry, we found com- 
pressions, leading to small rigid-model compression energies, but only well towards the 
limit in which the angle between the C-R planes intersecting along C,-Cg is reduced to 
zero, and the C,-Cg bond is shortened to its double-bond value. These calculations 
made it clear that in no transition state plausibly applicable to our case would any appreci- 
able steric energy arise owing to compressions of type (VI) between the R groups t-butyl 
and methyl. 

Our steric energy of type (VI) is Brown’s J-strain. He has invoked it in five of the 
eleven papers already cited,' notably for R, - - - Rg interaction between t-butyl and methyl, 
which represents equally the limit of alkyl complexity to which he went. In view of this 
emphasis, we thought we should check experimentally our theoretical conclusion that such 
strain does not exist within the range of our work. This has been done in the experiments 
summarised in Section 7, the results of which we can now review. 

The experiments dealt with the alkyltrimethylammonium ethoxides of series (5), 
which parallel some of those of series (3), with the difference that, in series (5), an «-t- 
butyl or an «-isopropyl group replaces «-hydrogen. The E2 rates of corresponding mem- 
bers of the two series are compared in Table 14. At the top of the Table, rates in the two 
series are linked through the measured rate-constants of the parents of the series. Below 
that, relative rates are given for each series, with its parent as the rate-standard, so that 
the effects of homology in the two series can easily be compared. 

The ratio of the reaction rates of the parents would be about 3 at a common tem- 
perature. The smallness of this difference is remarkable, considering the great structural 
contrast between the simple C, alkyl group and the maximally branched C, alkyl group. 
This general similarity of rates in the two series persists over comparisons 1—3, which 
make it clear that the t-butyl «-branch has only a small kinetic effect. Any «-branch 
should have only a small inductive effect on the 8-proton. Any «-alkyl branch possessing 
suitably situated hydrogen atoms could have a considerable hyperconjugative effect on 
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TABLE 14. Elimination rate-constants (kz2 in sec. mole 1.) and relative rates for alkyl- 
trimethylammonium ethoxides in ethanol: kinetic effects of «-branches, and of 8-homology 
in the presence and absence of «-branches in the alkyl group. 

Alkyl 105k gp, (100-6?) Alkyl 105k x- (104-2°) 

CH,-CHBut- 122 CH,-CH,- 71 

Rel. rate Rel. rate 
CH,-CHBut- CH,-CH,- 100 
CH,-CH,-CHBut- . CH,-CH,-CH,- 7-2 
(CH,),CH-CHBu- . (CH,),CH-CH,- 2-4 
(CH,),CH-CHPr'— ; (CH,),CH-CH,— 2-4 

* Half of the observed rate, because the structure provides two equivalent positions for the 
olefinic double bond. 


the developing «f-unsaturation; but the t-butyl group has no such hydrogen atom. 
However, when we drop back from a t-butyl to an isopropyl «-branch, so admitting one 
such hydrogen atom, as in comparison 4, then the rate is raised by a power of ten. 

The small kinetic effect of the t-butyl «-branch is accelerating. The small inductive 
effect allowed to any «-alkyl branch should be retarding. Hence, either the effect is due 
to some hitherto unrecognised interaction, or it is a steric acceleration of our type (V), 
arising, as discussed above, from the relaxation of a restriction, caused by the t-butyl 
a-branch on solvation of the ammonium pole, as the system changes shape on approaching 
the transition state. If the effect on solvation of a stretching of the C-X* bond dominated 
that of any contraction of the R,C,X* bond-angle, then the kinetic effect would be an 
acceleration. 

It would be the negative of Brown’s B-strain. He requires steric retardation in order 
that B-strain shall explain why ‘onium eliminations favour the Hofmann rule. He 
requires such retardation quite generally, down to much simpler structures than our 
a-t-butyl substituted ones. Our experiments show that the required steric retardations 
do not exist, because in the structurally extreme cases in which we have looked for them, 
we find only a small kinetic effect in the wrong direction. 

Finally, we have evidence in Table 14 on the question of steric interactions of type 
(VI) internal to the alkyl group. For comparisons 1—3 show that variations of rate with 
8-homology follow the same pattern, whether the t-butyl «-branch is there or not. And 
this is still true in comparison 3, in which, in series (5), one of the 8-bound methyl groups 
must take a cis-position relatively to the «-bound t-butyl group: in spite of that, the 
a-branched salt of series (5) exhibits a rate at least as good as that of its non-a-branched 
counterpart of series (3). Therefore, as we deduced theoretically, steric inhibition of 
type (VI) does not exist in ’onium eliminations, up to the limits of branching density to 
which our investigation extends. 

The conclusion is involved that Brown’s J-strain does not exist in this form either in 
his examples or ours; for by using a trimethylammonium ion, we have carried into our 
limiting example a greater overall concentration of space-demands belonging to one side 
of the developing double bond, than any present in his examples. Our former diagnosis * 
of his constitutional condition that evoked /-strain, viz., hyperconjugation related to a 
known pattern of fragmentation, is thus indirectly supported. 

(13) Suppression of the Neohexyl Anomaly.—Since the anomalous rate repression in 
reactions of neohexyl ’onium salts, if we have explained it correctly, constitutes our most 
authentic steric effect, it seemed desirable to apply a further check to the explanation. A 
means to do so was found as follows. 

The steric explanation assumes an Rg - - - X* interpenetration of type (IV) (p. 4068) 
in a transition state of type A (Fig. 2, p. 4067). Therefore, the anomalous rate repression 
should be reduced, and might be eliminated, if we can set up a flatter transition state, one 
more of type B, so increasing the Rg--- X* clearance and releasing compression energy 
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from the transition state. We can indeed arrange for such flatter transition states by 
introducing at the a-position an unsaturated substituent, such as «-phenyl, to conjugate 
strongly with the developing C,=Cg double bond. This is the significance of our series 
(6), and of the experiments thereon summarised in Section 8. Our task was to seek the 
neohexy] anomaly in a series of «-phenyl-substituted ethyl, n-propyl (n-butyl was omitted), 
isopentyl, and neohexyl ‘onium salts of a kind for which the neohexyl anomaly is prominent 
in the absence of the phenyl substituent. 

As routine, the effect of the «-phenyl substituent in the initial state had also to be 
thought about; and that was more than a formality in this case. For whereas, in a 
non-«-substituted alkyl ‘onium ion, $-bound residue in the complete alkyl group is free in 
the initial state to take up an anti-conformation relatively to the ‘onium group, in an 
«-phenylated ion, a 8-bound residue, especially a large one such as the 8-t-butyl residue 
of an «-phenylneohexyl group, will have to “‘ choose ’’ whether to assume an anti-conform- 
ation relatively to the ‘onium group and hence a syn- with respect to the phenyl residue, 
or to take an anti-conformation to the phenyl residue and hence a syn- to the ‘onium group, 
A study of models suggests that an anti-conformation relatively to phenyl will be preferred. 
But (as can be followed from diagram A of Fig. 2, because much of a type-A transition 
state is geometrically similar to an initial state) this conformation will involve an inter- 
penetration Rg---X* of type (IV). Except that it is now in an initial state, this com- 
pression is similar to that which was calculated (Section 11) for type-A transition states 
involving simple neohexyl ‘onium salts, t.e., without an a-phenyl substituent, as, e.g., in 
series (1). The compression in the a-phenylated ‘onium salt, being in an initial state, 
should be accelerating. The rigid-model compression energy will, of course, be largely 
replaced by a smaller energy of torsional deformation in the real initial state. Probably 
resistance to torsion is smaller in an initia] than in a transition state; and thus the resulting 
kinetic effect might be quite mild. 

A glance at Table 13 (p. 4067) will show that our results fulfil all these expectations. 
The «-phenylated series (6) exhibits elimination rates, which, as $-homology develops, 
start by showing the usual Hofmann-type retardation. But this does not persist, and the 
last member of the series, instead of showing an excessive retardation compared to the 
preceding member, as by the factor of 37 displayed by its counterpart of series (1), exhibits 
a mild acceleration, actually by a factor of 2-5. Thus, the original neohexyl anomaly is 
not only cancelled, but is mildly reversed by the a-phenyl substituent. We ascribe the 
cancellation to the effect of the substituent in flattening the transition state, and the 
reversal to its effect on the initial state. Consistently with this second proposal, the 
a-phenylneohexyl example uniquely exhibits (Table 13) a rise of rate in all three of its 
concurrent reactions: a factor of instability in their common initial state is thus indicated, 
for their transition states are all quite different. 

One general conclusion emerges from these results. They confirm the view that steric 
hindrance is inessential to the general picture of olefin eliminations. When, by good 
organisation or chance, one gets it, one can, as has been illustrated, very easily lose it, as 
by a change of solvent, or by an elaboration of structure, or, of course, by a simplification 
of structure. 

(14) Summary of Main Conclusions.—It is an unsatisfactory feature of most analyses 
of structural causes of kinetic effects that, besides the generally strong forces of electro- 
polarity and unsaturation, and the occasionally strong forces of steric repulsion at short 
range, there must exist between the parts of a reacting system, weaker, but longer-range, 
and hence more or less general forces, of which it seems very difficult to take account, ¢.g.. 
quadrupole, and various forms of electron-correlation forces. One knows, in particular, 
that intervalency forces exist in ethane, which can have nothing to do with group inter- 
penetration and must be general to alkane structures. Some of the irregularities noticeable 
in most systematic kinetic data may have such causes, but, because every comparison one 
makes is a second-difference involving four states, minor effects are very difficult to identify 
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convincingly in the presence of major ones. It is for that reason, not because we have 
overlooked expected minor effects, that we have confined our interpretations in ‘this paper 
to the main factors recognised. 

Our general conclusions are as follows. The inductive and electromeric effects dominate 
the picture of eliminations down to the simplest examples of Hofmann and Saytzeff. 
These two polar effects belong to that picture in principle, creating its familiar kinetic and 
orientational pattern. Steric hindrance is inessential to that pattern. It enters as a 
complication, in certain critical situations above determinable thresholds of molecular 
complexity, as we should expect from its short-range nature. It is not a viable idea to 
replace the inductive effect by the steric effect in explanation of the kinetic and 
orientational pattern of eliminations as a whole. 


EXPERIMENTAL 
Preparation of Materials 


(a) Alkyldimethylsulphonium Salis——General. Previous work having shown that the 
reaction between dimethyl sulphide and alkyl iodides gives largely trimethylsulphonium 
iodide, the salts we required were prepared through the appropriate thiol by methylation in two 
stages. All the salts were white, insoluble in ether, but very soluble in water, and often 
deliquescent or hygroscopic. They became yellow on exposure to light if not absolutely dry, 
but were stable in a vacuum over phosphoric oxide, excepting the 1-phenyl-substituted salts, 
which decomposed during some months even in these conditions. 

Ethyldimethylsulphonium iodide. Ethyl methyl sulphide (53 g.) and methyl iodide (100 g.) 
were mixed in nitromethane (90 ml.) at room temperature. After 1 hr. the crystalline salt 
was collected under dry nitrogen, washed with ether, and repeatedly precipitated from solution 
in ethanol with ether; it had m. p. 108° (decomp.; sealed tube) (Found: I, 58-3. Calc. for 
C,H,,SI: I, 58-3%). 

Dimethyl-n-propylsulphonium iodide. Propane-1-thiol (50 g.) was converted with ethanolic 
sodium ethoxide [from sodium (15 g.) and ethanol (280 ml.)] followed by methyl iodide (94 g.) 
into methyl n-propyl sulphide, which, extracted with ether, had b. p. 94—95° (38 g., 65%). 
It was mixed with methyl iodide (63 g.) in nitromethane (80 ml.). The next day, precipit- 
ation of the sulphonium salt was completed by adding ether, and salt was collected and 
purified as described above (m. p. 58—59°; sealed evacuated tube) (Found: I, 54-7. Calc. for 
CsH,,1S: I,.54-7%). 

n-Butyldimethylsulphonium salts. n-Butyl bromide (102 g.) was refluxed with a solution of 
thiourea (76 g.) in water (50 ml.) for 5 hr., and the thiouronium salt formed was boiled with 10% 
aqueous sodium hydroxide (600 ml.) for 2hr. The thiol, extracted with ether after acidification 
and dried therein, had b. p. 97—98° (39 g., 59%), and was methylated with methyl iodide 
(56 g.) in ethanolic sodium ethoxide (10 g. of sodium) to give n-butyl methyl sulphide, b. p. 
124—125° (27 g., 65%), which in turn was methylated with methyl iodide (40 g.) in nitro- 
methane (60 ml.) to give the sulphonium iodide (60%), which, isolated and purified as described 
above, had m. p. 81° (Found: I, 51-7. Calc. for C,H,,IS: I, 51-6%). The picrate, crystallised 
from water, had m. p. 51° (Found: C, 41-9; H, 5:3. C,,H,,N,0,S requires C, 41-5; H, 5-2%). 

Isobutyldimethylsulphonium iodide. 2-Methylipropane-1-thiol (b. p. 88—90°) was prepared 
(32 g., 70%) from isobutyl bromide (62 g.) and thiourea (38 g.), and then isobutyl methyl 
sulphide (b. p. 116°) was prepared (28 g., 83%) from it with the aid of sodium (7 g.), ethanol 
(100 ml.) and methyl iodide (47 g.). From this, by reaction for 2 days at room temperature 
with methyl iodide (35 g.) in nitromethane (40 ml.), the sulphonium iodide was formed (70%), 
and then was isolated and purified as described above (m. p. 91°, decomp.) (Found: I, 51-5. 
Calc. for C,H,,IS: I, 51-6%). 

Isopentyldimethylsulphonium salts. Isopentyl bromide (170 g.), which was shown by 
vapour-phase chromatography to contain less than 2% of the tertiary isomer, was converted, 
with thiourea (95 g.) in water (55 ml.), into a thiouronium salt, which, on alkaline hydrolysis 
gave 3-methylbutane-1-thiol (63 g., 56%), b. p. 116—118°, m,*5 1-4412. This was methylated, 
with the aid of sodium (15 g.), ethanol (200 ml.), and methy] iodide (90 g.), to the methyl sulphide 
(51 g., 71%), b. p. 1836—137°, which was further methylated, as described in the preceding 
paragraph, to give dimethyl-3-methylbutylsulphonium iodide (60%), m. p. 106° (Found: 
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I, 48-8. C,H,,IS requires I, 48-8%), from which the picrate, m. p. 96°, was prepared (Found: 
C, 43-4; H, 5-7. C,,;H,,N,0,S requires C, 43-1; H, 5-5%). 

3,3 - Dimethylbutyldimethylsulphonium salts. 1-Bromo-3,3-dimethylbutane (neohexy] 
bromide) was prepared ** by passing ethylene into a stirred mixture of t-butyl bromide (200 g.), 
powdered aluminium chloride (60 g.), and pentane (80 ml.) at —45°. Fractionation of the 
washed and dried product gave a head fraction (5 g.) of 1-chloro-3,3-dimethylbutane, and a main 
fraction (198 g., 85%) of 1-bromo-3,3-dimethylbutane, b. p. 64-3—65-0°/70 mm., m,”> 1-4413 
(Found: C, 44-1; H, 8-1; Br, 48-5. Calc. for C,H,,Br: C, 43-7; H, 7-9; Br, 485%). 3,3-Di- 
methylbutane-1-thiol, prepared by refluxing this bromide (93 g.) with thiourea (65 g.) in water 
(100 ml.) and hydrolysis of the formed thiouronium salt in boiling 10% aqueous sodium 
hydroxide, underwent cracking on attempted distillation at 20 mm., and was distilled at room 
temperature under 2 mm., as a clear liquid (48 g., 70%), m,,** 1:3347 (Found: S, 26-8. C,H,,S 
requires S, 27-1%). This thiol (45 g.), on treatment with sodium ethoxide (8 g. sodium) and 
methyl iodide (48 g.) in ethanol, gave the 3,3-dimethylbutylmethyl sulphide (36 g., 67%), b. p. 
154—156°, n,* 1-4488 (Found: S, 24:3. C,H,S requires S, 24:2%). A solution of this 
sulphide (36 g.) and methyl iodide (40 g.) in nitromethane (50 ml.) at room temperature gave 
within 1 hr. a crystalline mass of 3,3-dimethylbutyldimethylsulphonium iodide, which, crystallised 
from ethanol-ether, had m. p. 165—166° (decomp.) (Found: I, 46-4. C,H,,IS requires I, 
463%). The picrate had m. p. 130° (Found: C, 44-9; H, 5-8. C,,H,,N,0,S requires C, 44-8; 
H, 5-6%). The low olefin yields obtained in reactions of this cation made it important to be 
sure that the iodide was pure. Thorough purification was practised, and, to test purity, the 
salt was chromatographed on Amberlite IR-120 resin, and on paper. No impurities were found. 

Dimethyl-1-phenylethylsulphonium iodide. 1-Phenylethanol, prepared from bromobenzene 
and acetaldehyde by the Grignard method, b. p. 104—105°/21 mm., was converted by means of 
concentrated hydrochloric acid into 1-phenylethyl chloride, b. p. 79—80°/20 mm. (Found: 
Cl, 25-0. Calc. for C,H,Cl: Cl, 25-2%), and through this (200 g.), by the thiourea method, into 
the thiol (162 g., 76%), b. p. 90—91°/17 mm., which, on treatment (50 g.) with ethanolic sodium 
ethoxide (9 g. of sodium) and methyl] iodide (50 g.) gave the methyl sulphide (45 g., 82%), b. p. 
100—102°/18 mm. When this was left with an equivalent of methyl iodide in nitromethane at 
room temperature for 3 hr. the formed salt was precipitated by ether as a yellow oil (30%). 
When longer reaction was allowed in an effort to improve the yield, much crystalline trimethy]- 
sulphonium iodide was produced. The oil was purified, by dissolution in methanol, from small 
amounts of trimethylsulphonium iodide which is insoluble in that solvent. The oil did not 
crystallise and, after it had been washed and triturated with a variety of solvents, and exten- 
sively held in a vacuum line, was used for rate measurements (Found: I, 43-2. Calc. for 
C,oH,,IS: I, 43-2%). 

Dimethyl-1-phenylpropylsulphonium iodide. 1-Phenylpropan-l-ol, prepared (178 g., 80%) 
from bromobenzene (270 g.), magnesium (40 g.), and propionaldehyde (100 g.), had b. p. 92— 
94°/7 mm., ,* 1-5203 («-naphthylurethane, m. p. 102°), and was converted (100 g.) with 
concentrated hydrochloric acid (1-5 1.) into the chloride (92 g., 80%), b. p. 80—82°/8 mm., n,* 
1-5200 (Found: Cl, 23-0. Calc. for CjH,,Cl: Cl, 22-99%). It was important to be sure that no 
appreciable rearrangement had occurred in this reaction, and therefore some of the chloride 
was hydrolysed back to the alcohol, which was compared with the original alcohol through 
infrared spectra, and the m. p.s and mixed m. p.s of the a-naphthylurethanes. The chloride 
has previously been converted into the thiol by the hydrogen sulphide method,** which, 
however, gave a low yield of impure material in our hands. We preferred to reflux the chloride 
(90 g.) with thiourea (46 g.) in water (70 ml.), so obtaining, after basic hydrolysis, the thiol as a 
clear liquid (61 g., 70%), b. p. 100—102°/13 mm. (Found: S, 20-8. Calc. for C,H,,.S: S, 21-1%). 
The thiol (61 g.), on treatment with ethanolic sodium ethoxide (10 g. of sodium) and methyl 
iodide (60 g.), gave the methyl] sulphide (57 g., 90%), b. p. 107—108°/10 mm. This, when left 
for 2 hr. at room temperature with an equivalent of methyl iodide in nitromethane, gave the 
dimethylsulphonium iodide, which was precipitated as an oil with ether, but finally obtained, 
after purification with ethanol-ether, as a white powder, m. p. 106° (decomp.) (Found: I, 41-2. 
C,,H,,IS requires I, 41-2%). 

Dimethyl-3-methyl-1-phenylbutylsulphonium iodide. 3-Methyl-l-phenylbutan-l-ol, prepared 
from bromobenzene (282 g.), magnesium (42 g.), and isovaleraldehyde (150 g.), had (174 g., 60%) 
b. p. 105—106°/4 mm., n,” 1-5039, and was converted (144 g.) by means of concentrated 

%3 Schmerling and West, J. Amer. Chem. Soc.,, 1952, 74, 3592. 
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hydrochloric acid (1 1.) into the chloride (137 g., 86%), b. p. 87—88°/3 mm. (Found: Cl, 19-0. 
Calc. for C,,H,,Cl: Cl, 194%). This (90 g.) was refluxed for 2 hr. in water (70 ml.) with 
thiourea (40 g.), and the thiouronium salt, which was precipitated, was decomposed as usual 
with sodium hydroxide to give the thiol (40 g., 38%), b. p. 100°/5 mm. This (40 g.) with 
ethanolic sodium ethoxide (6 g. of sodium) and methyl iodide (35 g.) gave the methyl sulphide 
(30 g.), b. p. 104—105°/3 mm., m,*° 1-5252. This in turn was left with an equivalent of methyl 
iodide in nitromethane for 4 hr. at room temperature, before the formed dimethylsulphonium 
iodide was precipitated by means of ether as an oil, which, after purification with ether—-ethanol, 
solidified and had m. p. 95° (Found: I, 37-6. C,;H,,IS requires I, 37-8%). 
3,3-Dimethyl-1-phenylbutyldimethylsulphonium iodide. We were unable either to add t-butyl 
chloride to styrene with the aid of Friedel-Crafts catalysts (which polymerised the styrene), 
or to make, in reasonable yield, 3,3-dimethylbutan-l-ol by a previously described ** Grignard 
reaction between t-butyl chloride and ethylene oxide, reactions that might have initiated 
shorter syntheses than the one by which we eventually obtained this sulphonium salt. Our 
starting point was 1-bromo-3,3-dimethylbutane, prepared as described above. It was difficult 
to hydrolyse this to the alcohol by means of aqueous potassium hydroxide, and treatment with 
ethanolic potassium hydroxide gave a material, b. p. 56—57°/70 mm., n,** 1-4080, which we 
presume to be the ethyl ether. Boiling the bromide in water with silver oxide gave alcohols, 
one, b. p. 37—38°/70 mm., 130°/760 mm., n,** 1-4330, and the other, b. p. 42—43°/70 mm., 
135—136°/760 mm., m,,”> 1-4382, which are probably isomers of the required alcohol. Reaction 
of the bromide with a 3-fold excess of sodium acetate at 250° for 10 hr. in a sealed tube, 
and hydrolysis of the resulting material with ethanolic potassium hydroxide, gave the 
required alcohol, but in a yield (30%) insufficient to support the subsequent synthetic steps. 
Satisfactory conversion was effected by a less often used method, viz., autoxidation of the 
Grignard reagent.** Over the surface of the reagent made from 1-bromo-3,3-dimethylbutane 
(250 g.) and magnesium (48 g.) in ether, oxygen was blown for 5 hr., with the addition of ether 
from time to time to replace that lost by evaporation, and with careful maintenance of the 
temperature at —5° during this highly exothermic reaction. The alcohol (yields 78—86%) had 
b. p. 80—81°/67 mm.,143—144°/760 mm., n,** 1-4131. Oxidation of 3,3-dimethylbutan-1-ol 
to the aldehyde has been accomplished *”? by means of chromic acid, but in yields too low to 
suit our plans. We dehydrogenated the alcohol by boiling it into a vertical tube 30 cm. long, 
containing pumice-supported copper chromite ** and surmounted by a reflux condenser, 
arranged to return some unchanged alcohol but to allow dehydrogenation products to pass on. 
By means of a carefully regulated furnace, the catalyst was maintained at 335° + 10° during 
this strongly endothermic reaction. After use for 40 min. the catalyst became reduced to a red 
substance, and was regenerated at 320° with a stream of air for 2 hr.; but after several such 
treatments the catalysts became inactive. Yields were variable, depending on the condition 
of the catalyst, the best being 80%. The 3,3-dimethylbutyraldehyde had b. p. 52—54°/106 
mm., 102—105°/760 mm., n,** 1-3940. Its 2,4-dinitrophenylhydrazone hydrochloride, crystal- 
lised from ethanol, had m. p. 139° (Found: C, 45-2; H, 5:4. C,,H,,CIN,O, requires C, 45-6; 
H, 54%). 3,3-Dimethyl-1-phenylbutan-1-ol was now prepared from the aldehyde by reaction 
with the Grignard compound from bromobenzene. About 700 g. of this alcohol in all were 
obtained from several experiments (yields 85—90%). It had b. p. 105—107°/5 mm., m. p. 
17°, n,* 1:5035 (Found: C, 80-2; H, 9-8. C,,H,,O requires C, 80-8; H, 10-2%). Its 
a-naphthylurethane, crystallised from ligroin, had m. p. 109° (Found: N, 3-8. C,3H,,;NO, 
requires N, 4:0%). Conversion of the alcohol into its chloride was not straightforward. 
Treated with thionyl chloride in pyridine, a method which works smoothly with so many 
alcohols, this alcohol gave only tar, as may be the general result of the method in application to 
1-phenylalkanols.*® Treatment with aqueous hydrochloric acid, a method generally applicable 
to 1-phenylalkanols, converted this alcohol into its dehydration product, 3,3-dimethyl-1-phenyl- 
but-1-ene, b. p. 93—96°/10 mm., n,,*° 1-5190 (Found: C, 89-2; H, 10-0. C,,H,, requires C, 89-9; 
H, 10-1%), which was later obtained in other ways and was shown by its infrared spectrum to 


* Levene and Mikeska, J. Biol. Chem., 1926, 70, 379. 

%° Strating and Backur, Rec. Trav. chim., 1936, 55, 910. 

** Whitmore and Lux, J. Amer. Chem. Soc., 1932, 54, 3448. 

*” Delacre, Bull. Acad. roy. Belg., 1906, 8. 

** Adkins, Kommes, Struss, and Dasler, J]. Amer. Chem. Soc., 1933, 55, 2992. 
*® Sleight and Clark, Trans. Roy. Soc. Canada, 1929, III, 28, 77. 
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have been formed in the present reaction without rearrangement. The required 1-chloro-3,3. 
dimethyl-1-phenylbutane was eventually prepared by dropwise addition of the alcohol to a 
5-fold excess of thionyl chloride. After 0-5 hr. on the steam-bath, the excess of thionyl] chloride 
was distilled off, and the residue was fractionated. In several experiments a total of about 
600 g. of the chlorohydrocarbon were made in an overall yield of 86%; it had b. p. 98—100°/6 
mm., #,* 1-5110 (Found: Cl, 17-9. C,,H,,Cl requires Cl, 18-1%). It was important to be sure 
that this preparation involved no rearrangement of the carbon skeleton. To check this the 
chloride was converted back into the alcohol (a) by solvolysis in 50% aqueous acetone, and (b) 
by oxidation of the derived Grignard reagent with oxygen: the recovered specimens of alcohol 
were identified with the original alcohol by their infrared spectra, and by the m. p.s and mixed 
m. p.s of a-naphthylurethanes. Conversion of the chloro-compound into 3,3-dimethyl-1- 
phenylbutane-1-thiol was effected in poor yield by the hydrogen sulphide method, and in much 
better yield by the thiourea method. It had b. p. 86—88°/4 mm., m,* 1-5073 (Found: S, 16-8. 
C,,H,,S requires S, 16-5%). A by-product of the hydrogen sulphide method was identified as 
bis-3,3-dimethyl-1-phenylbutyl disulphide, m. p. 129° (Found: C, 742; H, 91. C,,H;,,S, 
requires C, 74-5; H,9-1%). The thiol, on methylation with methyl iodide in ethanolic sodium 
ethoxide, gave the methyl sulphide, b. p. 98—100°/6 mm., m,* 1-5069 (Found: S, 15-1. 
C,,;HoS requires S, 15-4%). The reaction of this material with methyl] iodide in nitromethane 
was slow, and, if allowed to proceed beyond low conversions, gave the required sulphonium salt 
admixed with so much trimethylsulphonium iodide that purification of the former became too 
difficult. However, we could afford a low yield in this last step and ran the reactions for 7 days 
at room temperature before precipitating the crude salt (10%) by addition of ether. From 
the crude salt, by repeated solution and fractional precipitation, by means of ethanol and ether, 
to constant iodine-content, we obtained chromatographically pure 3,3-dimethyl-1-phenylbutyl- 
dimethylsulphonium iodide (28 g., 6%), m. p. 100° (decomp.) (Found: I, 36-2. C,,H,,IS 
requires I, 36-2%). The picrate had m. p. 109—110° (Found: C, 52-4; H, 5-7. C,. 9H,,N,0,S 
requires C, 53-1; H, 5-7%). 

Trimethylsulphonium salts. These were obtained as unintended products or by-products in 
experiments on the preparation of 1-phenylalkyldimethylsulphonium salts. The iodide, m. p. 
212° (decomp.) (Found: I, 62-4. Calc. for C;H,IS: I, 62-3%), and nitrate (Found: NO,, 44-5. 
Calc. for C,H,NO,S: NO,, 44-6%) were prepared. 

Paper-chromatography of sulphonium salts. We habitually used this method of checking 
their purity, employing Whatman’s No. 1 paper, and the following two solvents: (a) butan-1-ol- 
acetic acid—water (5: 1:4v/v); (6) propan-l1-ol-ammonia—water (6:3: 1v/v). The salts were 
run as iodides or hydroxides, and detected by sprays of potassium chloroplatinate and Bromo- 
phenol Blue respectively. The Ry values increased with homology from 0-43 to 0-88. Control 
experiment showed that impurities, isomeric ones, or close homologues, in 3% concentrations 
could be detected by these methods. 

(b) Alkyltrimethylammonium Salts.—General. Many of the halides were prepared from 
the alkyl halide and a 2-fold excess of trimethylamine in an equal volume of nitromethane or 
ethanol. Nitrates, which are more soluble than the halides in ethanol and t-butyl alcohol, the 
solvents used in the kinetic studies, were prepared from the halides with the aid of silver nitrate. 
The filtered aqueous solutions, free from halide and silver ions, were evaporated at 60—80° 
under reduced pressure, and the residual nitrate was crystallised several times from ethanol- 
ether or methyl acetate. 

Ethylirimethylammonium salts. The bromide had m. p. 338° (sealed, evacuated tube) 
(Found: Br, 47-6. Calc. for C,H,,BrN: Br, 47-7%), the iodide m. p. >300° (Found: I, 59-2. 
Cale. for C;H,,IN: I, 59-1%), and the nitrate m. p. 265° (decomp.) (Found: NO,, 41:3. 
C,H,,N,0, requires NO,, 41-4%). 

Trimethyl-n-propylammonium salts. The bromide had m. p. 238° (decomp.) (Found: Br, 
44-1. Calc. for C,H,,BrN: Br, 44-0%), and the nitrate m. p. 133—134° (Found: NOs, 37:8. 
C,H,,N,0, requires NO,, 38-0%). 

Isopropylirimethylammonium salts. The bromide had m. p. 308° (decomp.) (Found: Br, 44-2. 
Calc. for C,H,,BrN: Br, 44-0%), and the nitrate m. p. 290° (Found: NO,, 37-7. C,H,,N,0; 
requires NO,, 38-0%). 

n-Butyltrisnethylammonium salts. The bromide had m. p. 195° (Found: Br, 41-0. Cale. 
for C,H,,BrN: Br, 41-0%), and the nitrate m. p. 168° (sealed tube) (Found: NO,, 34:7. 
C,H,,N,0, requires NO,, 34-8%). 
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Isobutyltrimethylammonium salts. The bromide had m. p. 240° (Found: Br, 40-8. Cale. 
for C;H,,BrN: Br, 41-0%), and the mttvate m. p. 110° (Found: NO,, 34-6. C,H,,N,0, requires 
NO,, 348%). 

Trimethyl-t-butylammonium iodide. t-Butyl bromide, on reaction with trimethylamine in 
nitromethane, gave trimethylamine hydrobromide. Accordingly, t-butylamine (20 g.) was 
treated with methyl iodide (40 g.) in the presence of sodium hydroxide, and the solution was 
saturated with ammonium sulphate and extracted with ethanol. The extract on treatment 
with methyl iodide yielded the quaternary salt (Found: I, 52-0. Calc. for C,H,,IN: I, 52-3%). 

Isopentyltrimethylammonium salts. The bromide decomposed above 215° (Found: Br, 37-8. 
C,H, BrN requires Br, 38-1%), and the nitrate had m. p. 113° (sealed, evacuated tube) (Found: 
NO,, 32:2. CyHggN,0, requires NO;, 32-3%). 

3,3-Dimethylbutyltrimethylammonium salts. 1-Bromo-3,3-dimethylbutane and trimethyl- 
amine in nitromethane had to be heated in sealed tubes for 5 hr. at 60° in order to effect 
extensive reaction. The bromide had m. p. 287° (decomp. in sealed tube) (Found: Br, 35-9. 
C,H,,BrN requires Br, 35-9%), and the nitrate m. p. 219° (sealed tube) (Found: NO,, 30. 
C,H,,N,O; requires NO,, 30-1%). 

n-Decyltrimethylammonium bromide. This salt decomposed above 205° (Found: Br, 28-4. 
Calc. for C,;H,,BrN: Br, 28-5%). Solutions of the nitrate were inconveniently surface-active, 
and the kinetic study was therefore made on the bromide. 

NNN-Trimethyl-1,2,2-trimethylpropylammonium salts. Salts of this cation could not be made 
from trimethylamine and the complementary alkyl halide, and had to be prepared by methyl- 
ation of the primary alkylamine, which was obtained by reduction of a ketoxime. Pinacolone 
(77 g.) was converted into its oxime (71 g.), m. p. 79°, and this was then reduced in ethanol 
(1-2 1.) by sodium (90 g.). The solution was acidified and evaporated, and the residue, dissolved 
in the minimum of water, was basified and extracted with pentane, to give pinacolylamine 
(40 g.), b. p. 103—104°. This amine (100 g.) was refluxed for 4 hr. with methyl iodide (284 g.) 
and a saturated aqueous solution of sodium carbonate (75 g.), to give dimethylpinacolylamine 
(40 g.), b. p. 130°, »,* 1-4160. Then this tertiary amine was left for 2 days with excess of 
methyl iodide in nitromethane, before ether was added to precipitate the quaternary iodide, 
which, after purification, had m. p. 208° (Found: I, 47-0. C,H,,IN requires I, 46-9%). The 
nitrate decomposed above 215° (Found: NOs, 29-7. C,H,,N,O, requires NO,, 30-0%). It was 
confirmed by the infrared, and by proton-magnetic-resonance spectra that no skeletal rearrange- 
ments had occurred during these syntheses. 

1-Ethyl-2,2-dimethylpropylirimethylammonium salts. The method of synthesis was as in 
the preceding example, except that we started further back. A reaction between t-butyl 
chloride (250 g.), magnesium (62 g.), and propionaldehyde (130 g.) gave 2,2-dimethylpentan-3-ol 
(196 g.), b. p. 132—135°, n,** 1-4175. Toa stirred solution of this (190 g.) in acetic acid (120 g.), 
a solution of chromic oxide (67 g.) in acetic acid (50 ml.) and water (20 ml.) was slowly added 
below 30°, to yield, by extraction with pentane, 2,2-dimethylpentan-3-one (120 g.), b. p. 124— 
126°, n,,** 1-4020. This (114 g.) was converted into its oxime (90 g.), m. p. 85°, which was 
reduced with sodium and ethanol as before, to give the amine (50 g.), b. p. 126°, m,* 1-4253. 
This (47 g.) was treated with methyl iodide and sodium carbonate to give the NN-dimethyl 
derivative (30 g.), b. p. 135—138°, which was converted, as in the lower-homologous example, 
into the trimethylammonium iodide, m. p. 168° (Found: I, 44-6. C, )H,,IN requires I, 44-7%), 
and nitrate, m. p. 173° (Found: NO,, 27-9. C,9>H,,N,O, requires NO ,, 28-2%). 

1-Isopropyl-2-methylpropyltrimethylammonium salts. 3-Bromo-2,4-dimethylpentane was 
obtained from Grignard-synthesised 2,4-dimethylbutan-3-ol and hydrogen bromide, as 
described by Jamison, Lesslie, and Turner,*® who, in spite of a previous statement that this 
reaction yielded only rearranged products,*! claimed that theirs was unrearranged. We 
confirmed their conclusion, by back-conversion of the bromide, though its Grignard derivative 
by reaction with oxygen, into an alcohol which was identified with the original alcohol by 
comparison of their infrared spectra. Our objective was a quick method of getting the salts 
named in the side-heading by reaction of the bromide with trimethylamine, but the only solid 
product we thus obtained wds trimethylamine hydrobromide, and we therefore fell back on 
the oxime method. Di-isopropyl ketone was converted into its oxime, b. p. 180°, m. p. 34°, 
which was reduced with sodium and ethanol to 3-amino-2,4-dimethylpentane, b. p. 150—153°, 


«© Jamison, Lesslie, and Turner, J. Inst. Petroleum, 1949, 35, 592. 
“ Whitmore and Johnson, J. Amer. Chem. Soc., 1938, 60, 2265. 
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which was converted into the alkylirimethylammonium iodide, m. p. 196° (Found: I, 44-7. 
CioH,,IN requires I, 44-7%), by two steps of methylation as described in the preceding 
paragraph. The nitrate had m. p. 172° (Found: NOs, 28-0. C,9H,,N,O, requires NO,, 28-2%). 

1-Isopropyl-2,2-dimethylpropylirimethylammonium salts. Prepared from t-butyl chloride 
(250 g.), magnesium (62 g.) and isobutyraldehyde (95 g.), 2,2,4-trimethylpentan-3-ol (97 g.), 
b. p. 150—151°, ,* 1-4220, was oxidised (66 g.), as described in the preceding paragraph 
but one, to 2,2,4-trimethylpentan-3-one (37 g.), b. p. 136—140°, n,,* 1-4013, the oxime, m. p. 
140°, of which was reduced (45 g.) as usual to the amine (39 g.), b. p. 120°. An attempt to 
convert this (45 g.) with methyl iodide and sodium carbonate solution in one step into the 
tertiary amine led to 3-methylamino-2,2,4-trimethylpentane hydriodide (Found: I, 44-6, 
C,H,,IN requires I, 44-5%), from which the secondary amine was liberated, and, by repetition 
of the treatment, converted into the dimethylamino-compound (30 g.), b. p. 142°. The same 
compound was made from the primary amine in 50% yield by treatment at 135° with a 2-fold 
excess of paraformaldehyde. It was converted by methyl iodide in nitromethane at 60° for 
5 days into the trimethylammonium iodide (15%), which decomposed above 150° (Found: 
I, 42-4. C,,H,gIN requires I, 42-5%). The nitrate had m. p. 147° (Found: NO,, 26-4, 
C,,H,,gN,O, requires NO,, 26-5%). 

Proton magnetic resonance spectra of ammonium salts. Dr. B. Figgis very kindly checked 
for us by this method, using 10% solutions of nitrates in deuterium oxide, the constitutions of 
some of the more highly branched cations, particularly those with a t-butyl residue in the alkyl 
group, in order that no unwanted rearrangement during synthesis should pass undetected. 
Tracings of two records are in Fig. 3. Measurements of the line areas showed the different sets 
of equivalent hydrogen atoms to be present in the correct proportions. 


Fic. 3. Structure-determination by proton magentic resonance of: 





aa! oes SF 
4 
OO. uct ¢ 
(4) r 6} ” 
ce f 
a c @ a e<: 
(A) (CH,)sC*CHCH, and (CH,)sC*CH-CH(CH;), (8) 
| 
b +N(CHy)s d +N(CHy)s 


Interpretation of A: Duplicate letters show the assignments; line w belongs to light water, an 
impurity in the solvent. The area-ratio, aa’/b = 1-34 (theor. 1-33). The atom marked c should give 
a quartet of weak lines, and a quartet which might be thus assigned can be seen between the strong 
lines at higher resolution than is suitable for line-intensity measurements. Also at higher resolution, 
the lines of a and a’ are partly resolved, the latter, which are the weaker, lying towards higher sweep- 
fields. 

Interpretation of B: Duplicate letters show the assignments; line w is the light-water line. The 
area-ratios are: (a + b)/d = 1-61 (theor. 1-67); cc’/d = 0-21 (theor. 0-22); a/b = 1-55 (theor. 1-50). 
The doublet 6 owes its separation to an interaction involving the proton c’. 


(c) Olefins.—These were required as reference substances to aid identification by b. p., ”,%, 
gas chromatography, and particularly infrared spectra. Most of them were made from an 
alcohol, by conversion in boiling acetic anhydride into the acetate, and pyrolysis of the latter 
at 420—430°. Other methods were used occasionally. 

3,3-Dimethylbut-l-ene. Prepared from pinacolyl acetate, b. p. 80—82°/100 mm., this had 
b. p. 41°, m,*° 15712. Attempts to prepare it directly from the alcohol and phosphoric acid 
gave about equal amounts of two rearrangement products, 2,3-dimethylbut-1- and -2-ene, b. p. 
61—63° and 72—74°, respectively. 

4,4-Dimethylpent-2-ene. Prepared from 2,2-dimethylpentan-l-ol by way of the acetate, 
b. p. 155°, this had b. p. 75° (Br no., 162. Calc.: 163). 

2,4-Dimethylpent-2-ene. 2,4-Dimethylpentan-3-ol (50 g.), slowly distilled with concen- 
trated sulphuric acid (2-5 ml.), yielded the olefin (14 g.), b, p. 82—83° (Brno., 163. Calc.: 163). 

2,4,4-Trimethylpent-2-ene. 2,2,4-Trimethylpentan-3-ol gave the acetate, b. p. 55—56°/9 
mm., #,,* 1-4116, and thence the olefin, b. p. 104—105° (Br no., 143. Calc.: 143). 
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3-Methyl-1-phenylbut-l-ene. 3-Methyl-1-phenylbutan-l-ol was converted into its acetate, 
b.p. 105—108°/4 mm., ,,** 1-4843, which was pyrolysed in a stream of nitrogen on glass-wool 
at 430° to give the olefin, b. p. 80—81°/8 mm., m,,* 1-5266. 

3,3-Dimethyl-1-phenylbut-l-ene. This was prepared from 3,3-dimethyl-1-phenylbutan-1-ol, 
both through the acetate, b. p. 106—108°/3 mm., m,,* 1-4837, as described in the preceding 
example, and also directly by boiling the alcohol (10 g.) with acetic anhydride (40 ml.) in the 
presence of zinc chloride (0-2 g.). It had b. p. 90—92°/8 mm., m,,* 1-5193. 

Kinetics 

(a) Procedures.—Rates of reaction at temperatures regulated to +0-02° between alkyl- 
dimethylsulphonium iodide or nitrate, or alkyltrimethylammonium nitrate, bromide, or iodide, 
and either sodium or potassium ethoxide in ethanol, or potassium or sodium t-butoxide in 
t-butyl alcohol were measured by disappearance of base. Procedures for the four main types 
of runs follow. 

Sulphonium ethoxides. A solution in dry ethanol of dried (Abderhalden) and weighed 
sulphonium iodide, or in the case of trimethylsulphonium, the nitrate, was mixed with the 
required volume of stock ethanolic sodium ethoxide at 0° or 20°, and transferred in 5 ml. lots, by 
a jacketed automatic pipette, to nitrogen-filled constricted tubes which were cooled to —78° 
and sealed. Batches of 12—16 tubes were placed in the thermostat, and two were taken 
therefrom for analysis at the time-zero 7—8 min. later, as well as two after 10 half-lives. These 
gave the initial concentrations, and the remaining tubes were taken one by one at suitably 
spaced times after the zero. For analysis, the tubes, quenched at —78° and broken under 
water containing enough ethanol to keep the sulphides in solution, were either titrated directly 
with standard acid in nitrogen, or acidified with hydrochloric acid and back-titrated with 
standard sodium hydroxide, Bromocresol Blue—Methyl Red being the indicator. 

Sulphonium t-butoxides. A solution in dry t-butyl alcohol of the dried sulphonium iodide 
was delivered by a jacketed automatic pipette at 30°, or, in the cases of the ethyl and 3,3-di- 
methylbutyl salts, at 65°, directly into the constricted tubes which were then cooled to —78°, 
then stock t-butyl alcoholic potassium t-butoxide, or in some cases sodium t-butoxide, was 
added by means of an automatic pipette at 30°, whereafter the tubes were sealed. The concen- 
tration of 3,3-dimethylbutyl salt being limited by solubility, sodium perchlorate was added to 
make the total salt the same as in the other cases. The analytical procedures were as before. 

Ammonium ethoxides. The ammonium nitrates, which are very deliquescent, were dried 
at 40—50°/0-15 mm., and all subsequent transfers were conducted in a dry-box. Stock 
ethanolic potassium ethexide was added to an ethanolic solution of the ammonium nitrate, 
the potassium nitrate was filtered off under dry nitrogen, and the filtrate was made up to the 
required volume. When ammonium bromides were used, the precipitated potassium bromide 
was similarly filtered off. The sealed tubes were of Pyrex, but, as this became appreciably 
attacked at 100° after about 8 hr., the analytical results for infinite time were calculated from 
the initial concentrations of ammonium salts. These were determined by weighing, and also 
by ion-exchange with Amberlite TRA-120 (H*), which converted the ammonium nitrates into 
nitric acid that could be titrated as such. The analytical procedure for following the progress 
of the reaction was complicated by the formation of tertiary amines, which had to be removed 
before the measurement of alkalinity. More volatile amines were removed from the water- 
diluted analytical sample in a stream of nitrogen during 20—30 min. at 70°. Less volatile or 
residual amines were thereafter extracted. For this purpose, sodium chloride was added to a 
mixture of the analytical sample (5 ml.) and water (60 ml.), and the solution was extracted with 
carbon tetrachloride (6 x 10 ml.) and ether (1 x 30 ml.). 

Ammonium t-butoxides. . The procedure was the same, except for two points. First, because 
the filtration of potassium nitrate was mechanically troublesome, we went through with it only 
in a few experiments, and in most left the salt in suspension, having shown that that made no 
difference to the results. Secondly, because the reaction temperature was lower, the alkali 
did not attack the glass, and we were therefore able to determine initial reactant concentrations 
with the aid of ten-half-life analytical values in the usual way. 

(b) General Kinetic Phenomena.—Runs were made on several of the salts in the absence or 
an alkoxide, in order to check the occurrence of solvolyses, and of any attack by iodide of 
nitrate ion. All such reactions were negligibly slow in comparison with the reactions with 
alkoxide ions. 
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The reactions with alkoxides are subject to (generally negative) salt effects, stronger in 
t-butyl alcohol than in ethanol, and runs whose rates were to be compared were therefore set 
up at common (+ 0-002m) concentrations of total salt. In the Tables that follow, these concen- 
trations may be taken as the sum of the reagent concentrations in runs on iodides, and the 
larger individual reagent concentration in those on nitrates or bromides. In a few cases, which 
are indicated, the salt concentration was made up by the addition of sodium perchlorate, 

Because of salt effects, the second-order constants should not remain constant during a run, 
but they usually did so within the error of observation over most of it, with a drift towards the 
end. These drifts were not all upwards, as would be expected from the nature of the reactions: 
with sulphonium ethoxides and some sulphonium t-butoxides they were downwards. In these 
sulphonium ion reactions, much inert salt is present in solution, and we suppose that the 
growing relative excess of this increasingly protects the reactive ions. A suspected cause of 
tail-drift arose in the reactions of sulphonium t-butoxides, viz., that, usually at a late stage in 
these runs, potassium iodide began to be precipitated from the t-butyl alcohol. 

Rates decrease in the order: potassium, sodium, and lithium ethoxide in ethanol; t-butoxide 
in t-butyl alcohol (largest decrease in the last series); addition of lithium perchlorate in a 


TABLE 15. Jilustrative runs. 


Run 14: 3,3-Dimethylbutyldimethylsulphonium iodide and sodium ethoxide in ethanol at 

64-:08°. {At the time-zero, [R,S*] = 0-0498, [EtO-] = 0-0983m at 20°. Samples 

(6-28 ml.) were mixed with 0-1017N-hydrochloric acid (8-0 ml.), excess of which was 
titrated with 0-01603N-sodium hydroxide.} 


Time Titre Time _ Titre Time Titre Time Titre 
(min.) (ml.) 105%, (min.) (ml.) 105%, (min.) (ml) 105%, (min.) (ml.) 10, 
0 11-51 — 25 18-90 345 65 24-46 339 a) 31:39 — 
0 11-51 — 35 20-81 347 75 25-36 342 i) 31-37 -- 
10 15-08 343 45 22:12 336 85 26:20 347 
21 17-89 336 55 23-41 338 90 - 26-37 338 
Mean 10°, (uncorr.) 342, (corr.) 366 + 5. 

Run 64: n-Butyldimethylsulphonium iodide and potassium t-butoxide in t-butyl alcohol 
at 34-92°. {At the time-zero, [R,S*] = 0-0295, [ButO-] = 0-0823m at 35°. Samples 
(7-27 ml.) were titrated with 0-0142N-hydrochloric acid.} 

Time Titre Time Titre Time Titre Time Titre 

(min.) (ml) 105%, (min.) (ml.) 105, (min.) (ml) 10°, (min.) (ml.) 105, 
0 42-13 — 16 38-55 353 38 35-35 346 oo 26-96 — 

"0 42-07 -- 22 37-73 333 49 32-80 455 a 27-04 oo 
5 40-97 331 28 36:52 360 57 31:79 482 
10 39:77 350 33-36-14 335 72 30-02 558 


Mean 10°2, (no correction required) 344 + 11. 


Run 106: Trimethyl-1,2,2-Trimethylpropylammonium nitrate and potassium ethoxide in 
{At the time-zero, [R,N*] = 0-0783, [EtO-] = 0-1518m at 20°. 
Samples (5-00 ml.) were titrated with 0-0334N-hydrochloric acid.} 


ethanol at 100-60°. 


Time Titre Time’ Titre Time Titre Time Titre 

(min.) (ml.) 105, (min.) (ml) 105, (min.) (ml) 10°, (min.) (ml) 10°, 
0 22-70 -- 10 20°82 200 20 19-16 215 30 17-94 215 
0 22-70 _- 12 20-47 202 22 19-00 207 35 17-40 217 
5 21-72 196 15 19-76 225 25 18-50 216 40 16-52 244 





Mean 10°, (uncorr.) 210, (corr.) 225 + 10. 
Run 124: Isopentyltrimethylammonium nitrate and potassium t-butoxide in t-butyl alcohol 











at 72-85°. {At the time-zero, [R,N*] = 0-0787, [t-BuO~] = 0-1547M at 35°. Samples 
(7-00 ml.) were titrated with 0-0617N-hydrochloric acid.} 
Time Titre Time _ Titre Time _ Titre Time Titre 
(min.) (ml) 10°, (min.) (ml.) 10°, (min.) (ml.) 10°, (min.) (ml.) 105, 
0 17-57 _ 15 15-50 199 31 13-95 203 60 12:12 207 
0 17-53 — 20 1492 205 40 13-40 195 i) 8-62 — 
10 16-05 208 25 14:36 8207 50 12-85 192 oe) 8-62 —_ 


Mean 10°R, uncorr. 203, corr. 214 + 5. 
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ger in TABLE 16. Second-order rate constants of reactions of alkyldimethylsulphonium iodides 
re Set with sodium ethoxide in ethanol. 
ncen- 

id the Run Alkyl Temp. ([R,S*], [EtO-], 105k, 
which 1 Ethyl 64-08° 0-0486 0-0997 383 +6 
ee" 0 0-0471 0-0993 383 5 
me 3 n-Propyl mt 0-0494 0-0999 385 7 
a Tun, 4 . 0 0-0494 0-1001 379 7 
ds the 5 n-Butyl - 0-0495 00989 412 8 
tiene 6 © > 0-0499  — 0-1000 404 6 
nisi  % “ 00521 00-0974 4020 
these 8 Isobutyl “ 0-0489 01000 509 7 
it the 9 vt a 0-0491 0-0989 497 8 
se of 10 Isopentyl “ 0-0498 0-0997 430 5 
onl ll a 0 0-0494  —-0-0990 428 6 
ee im 12 0-0497 —0-0996 436 8 
13 3,3-Dimethylbutyl - 00490  0-0995 353 12 
oxide 14 a e 0-0498  — 0-0983 366 5 
ina 15 : A 0-0494  0-0990 365 5 
16 Methyl * a 00493  0-1494 480 5 
Zaye. . 0-0489 01490 479 5 
18 Ethyl os 0-0982 00500 372 8 
J'a a “ 0-1191 0-0302 380 3 
| 23 1-Phenylethyl 34-87 00474  —-0-0996 249 16 
nples 24 “a ie 0-0468 0-0995 246 ll 
was 27 1-Phenylpropyl 3 00504  0-0972 130 ll 
28 E wm 0-0505 0-0948 120 5 
29 p v 0-0498  0-1001 127 6. 
30 3-Methyl-1-phenylbutyl U 0-0483 —-0-0998 181 3 
Oh, 31 ‘ Ss 0-0493  —-0-0996 180 7 
be 32 3,3-Dimethyl-l-phenylbutyl a 0-0496 0-0993 558 22 
oie 33 . ~ 0-0475 0-0985 557 12 
34 “ “ 0-0481 = 0-0996 563 16 
36 Ethyl 34-73 0-0528 01030 6-23 0-04 
__ a 0-0503  0-0997 6-28 0-07 
38 n-Propyl os 0-0512 0-1020 6-55 0-07 
cohol 39 * . 0-0512  0-1020 6-56 0-03 
oO 40 3,3-Dimethylbutyl Ma 0-0519 0-1001 5:54 0-03 
ples 41 = * 00519 0-1001 5-54 0-05 
42 Ethyl 44-68 0-0514 01007 34-7 0-7 
yee ‘ 0-0507 0-100 34-7 0-4 
44 n-Propyl rune 0-0514  0-0958 34:5 0-4 
Phy 45 - wa 0-0517 0-1004 35-4 0-7 
" 46 3,3,-Dimethylbutyl ze 0-0504 0-1020 29-0 0-4 
- : 47 a5 * 0-0501 0-1000 28:8 06 
48 Ethyl 72-79 0-0532 00-1005 1081 10 
ae tf 0-0495  0:0999 1070 15 
50 n-Propyl 2 0-0512  0-1021 1087 13 
51 it is 00469 = 00-1021 1080 25 
° 52 3,3-Dimethylbutyl 0-0515 00989 1097 13 
20° 53 fe si 0-0515 00994 1089 10 
* The sulphonium nitrate was used. 
Rs 
~ TABLE 17. Second-order rate constants of reactions of alkyldimethylsulphonium iodides 
4 with potassium t-butoxide tn t-butyl alcohol at 34-92°. 

Run Alkyl —[R,S*]p [Bu'O-], 10%, Run Alkyl [R,S*}, [Bu'O-}], 105A, 

54 Ethyl 0-0267 * 0-0860 835429 64 n-Butyl 0-0295 0-0823 344+ 11 
hol i 0-0372 0-0745 835 48 os Isopentyl 0-0334 0-0824 348 28 
sles ; ming 0-0273 00650 217 15 . 0-0366 0-0820 348 14 

ee 0-0230 0-0643 226 20 e7 0-0355 00857 336 14 

58 n-Propyl 0-0315 0-0804 406 27 70 3,3-Dimethyl- 0-0120 0-0783 80 15 

59 z 00333 0-0855 394 10 butyl * 
hs 60 i 0-0316 0-0821 396 36 #71 » © 00215 00647 69 12 
- 61 * 00334 00818 409 13 72 » © 00274 00688 74 14 
: 62 n-Butyl 0-0310 0-0819 349 11 73 » © 00247 00767 75 10 

ili 0-0309 0-0828 357 18 





* With sodium t-butoxide, and added sodium perchlorate to make total salt up to 0-113M,. 
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TABLE 18. Second-order rate constants of reactions of alkyltrimethylammonium nitrates 
with potassium ethoxide in ethanol. 


Run Alkyl Temp. [R,N*), [EtO-], 105k, 
80 Ethyl 104-22° 0-0779 0-1523 101-6 + 
81 od 0-0778 0-1522 102-0 
82 - 0-1540 0-0782 99-0 
83 a 0-0988 0-1302 100-3 

n-Propyl 0-0763 0-1508 27-8 

oa 0-0779 0-1521 27-4 
Isopropyl 0-0756 0-1490 164 
ws 0-0732 0-1500 168 

n-Butyl 0-0795 0-1525 27-1 

» 0-0788 0-1520 26-1 

Isobutyl 0-0732 0-1463 27-3 

- 0-0736 0-1490 26-9 
t-Butyl t¢ 0-0588 0-0932 947 

Isopentyl 0-0776 0-1516 26-3 

»» : 0-0777 0-1518 26-6 

3,3-Dimethylbutyl 0-0756 0-1532 23-6 

vs 0-0731 0-1510 24-3 

n-Decyl ¢ 0-0823 0-1606 17:3 

a ; 0-0829 0-1557 17-3 
Phenethyl 0-0736 0-1512 170 
ae 0-0834 0-1530 168 

“ 0-0833 0-1536 5-61 
00 0-0800 0-1521 5-61 

Methyl 0-0732 0-1521 20-3 
1,2,2-Trimethylpropyl 0-0714 0-1482 229 
” ” 0-0783 0-1518 225 
1-Ethyl-2,2-dimethylpropyl 0-0810 0-1493 127 
- " pe 0-0765 0-1534 126 
1-Isopropyl-2,2-dimethylpropyl 0-0817 0-1480 282 
‘a * m ‘ 0-0617 0-1492 296 
1-Isopropyl-2-methylpropyl 0-0774 0-1535 278 
” ” ” ” 0-0793 0-1502 268 

* With sodium ethoxide, and added sodium perchlorate to make total salt 0-1533M. 
+ The ammonium iodide was used. All salts remained in solution. 
~ The ammonium bromide was used. 


TABLE 19. Second-order rate constants of reaction of alkyltrimethylammonium nitrates 
with potassium t-butoxide in t-butyl alcohol. 

Run Alkyl Temp. [R,N*], [ButO-], 105k, 
114 Ethyl 34-92° 0-0690 0-1553 97+ 8 
115 ind = 0-0732 0-1489 91 
116 ~ Pe 0-0660 0-1501 95 
117 ee 44-60 0-0725 0-1498 468 
118 o - 0-0725 0-1527 469 
119 n-Propyl 72-85 00784  0-1480 520 
120 a 0-0710 0-1501 507 
121 i 0-0719 0-1509 510 
122 n-Butyl 0-0750 0-1468 274 
123 - a 0-0830 0-1481 274 
124 Isopentyl 0-0787 0-1547 214 
125 - 0-0770 0-1520 208 
126 3,3-Dimethylbutyl 0-0761 0-1508 184 
127 oo ee 0-0830 0-1513 178 


* Potassium nitrate removed by filtration. 


reaction with a potassium or sodium alkoxide reduced the rate. Therefore the same base had 
to be used in runs whose rates were to be compared. In Table 2 (p. 4059) the rate for 3,3-di- 
methylbutyldimethylsulphonium t-butoxide, which was measured with sodium t-butoxide 
because a difficulty of solubility required the total salt concentration to be made up with 
sodium perchlorate, is given as for the potassium salt, by comparison with the rates for ethyl- 
dimethylsulphonium t-butoxide, which was measured with both sodium and potassium salts. 
Water was a dangerous impurity and some trouble was taken to get it out, and keep it out, 
in preparing and handling solvents and salts. Much use was made of the dry-box, and routine 
Karl Fischer determinations were made. Some runs on sulphonium iodides and potassium 
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t-butoxide in t-butyl alcohol with added water showed that proportions of water, 0-03—0-08m, 
i.e., comparable to those of the intended reagents, would cut down the rate of reaction to 
between one-half and one-quarter of its proper value. 

(c) Results—Rate constants were calculated from the formula k, = [2-303/{t(b — a)}) 
log {a(b — x)/b(a — )}, and in the Tables all are expressed in sec.1 mole? 1. The + error 
values are formal standard deviations. Mean constants for the runs were corrected for the 
change of volume of the solvent between the temperature at which initial concentrations were 
set and the temperature of reaction. Table 15 reports one run of each of the four types in 
order to show the degree of significance attaching to the second-order rate-constants. The 
corrected mean rate-constants of the principal series of runs are assembled in Tables 16—19. 


Olefin Determinations 


(a) Methods.—Several were used. The aspiration and the extraction method have been 
described before,4* but modifications were introduced which improved their accuracy. In a 
few cases the determinations were made as a run progressed, but usually they were made after 
the reaction had run nearly to completion. In either case, pairs of tubes were taken from 
the thermostat together, one for measurement of the total reaction by alkali disappearance, 
and the other for the olefin determination. 

Aspiration. This was used for ethylene and propene, and in a few experiments for higher 
olefins. The tube containing the sample (5—80 ml., depending on how much olefin was 
expected) was broken in a bottle under just enough acid to neutralise the alkali, the olefin then 
being drawn at 40°, in a stream of nitrogen for 2—3 hr., into the absorption system. This 
system consisted of two traps of saturated aqueous mercuric chloride (40 ml. each); or 3n- 
hydrochloric acid, according as a sulphonium or an ammonium salt was being decomposed (in 
the former case a precipitate appeared only in the first trap), a small condensing spiral at 0°, to 
retain ethanol and water, the absorption coil into which the gases entered by a rose at the 
bottom, and a final potassium iodide trap. The absorption coil, which contained 130 ml. of 
a solution in carbon tetrachloride of 3—4 times the required amount of bromine, was kept at 0° 
in the dark, and tilted slightly so that the gas collected in the turns of the coil, thus providing 
a contact time of 1-5 min. The final titration of the mixed potassium iodide and bromine 
solutions was with thiosulphate, and the bromine solution was standardised with the aid of a 
blank experiment with a zero-time sample. This method was checked, and shown to be 
accurate, by application to a tetraethylammonium salt, which was assumed to give 100% of 
ethylene. Acid could not be used to stop the reactions in t-butyl alcohol, because it seemed to 
dehydrate this alcohol slightly. These reactions were therefore run to completion, and the 
olefin was aspirated from the non-acidified solutions. 

Extraction. This was used for most of the olefins higher than propene, but the details 
varied from case to case. For example, a tube containing a sample (25 ml.) from the reaction 
of a sulphonium salt, cooled to —78°, was broken under carbon tetrachloride (150 ml.) at its 
f. p., and the solution was washed in cold-jacketed separating funnels with 0-5n-hydrochloric 
acid (10 ml.), with water (20 ml.), and twice with saturated aqueous mercuric chloride (40 ml., 
with shaking for 5 min., and storage for 10 min. at —20°, each time). The precipitate was 
removed by filtration into an evacuated flask, and the olefin was then determined by uptake 
of bromine, from added standard bromine, in the dark at 0° during 30—180 min. depending 
on the type and concentration of the olefin. In experiments with ammonium salts, the washings 
with mercuric chloride were replaced by washings with 3n-hydrochloric acid (20 ml. each), and 
no filtration was necessary. Quantities of sample and reagents, and times, were varied in 
order to detect systematic errors, and blank experiments were conducted at all stages. It isa 
feature of the method that olefin losses are corrected by factors based on blank determinations, 
which for but-l-ene gave 1-13, 3-methylbut-l-ene, 1-04, 3,3-dimethylbut-l-ene 1-02, and 
styrene and its homologues 1-00. Some difficulties arose. Thus the small proportions in 
which 3,3-dimethylbut-l-ene was formed necessitated large samples: for sulphonium reactions 
in ethanol, 75 ml. was about optimal; but for sulphonium reactions in t-butyl alcohol, kinetic 
control was abandoned, and runs were made with 2—4 g. of salt in 125 ml. of 0-25n-potassium 
t-butoxide. The aromatic sulphides, RCCHPh-SMe, were not completely removed by washing 
with aqueous mercuric chloride, and contact for 12 hr. with alcoholic mercuric chloride was 


“in Hughes, Ingold, and Shapiro, J., 1936, 225; Hughes, Ingold, Masterman, and MacNulty, /., 
, 899. 
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found to be more effective, though slightly low olefin values resulted. Aromatic olefins ang 
ethers were liable to be substituted by bromine, as shown by the development of hydrogen 
bromide, determined by iodate, unless the excess of bromine was kept low in the analysis of 
olefins of this type. 

Optical absorption. The aromatic olefins, RCCH:CHPh, were also determined spectrophoto- 
metrically, by absorption at 248 my, with a Unicam S.P. 500 spectrophotometer. The results 
agreed well with the bromometric values. It was necessary to allow for the absorption of 
sulphides, RCH,*CHPh’SMe, the concentrations of which were obtained by difference after 
determination of the methyl sulphide (p. 4086). The following extinction coefficients at 248 my 
were determined: 





CH,-CHPh:S-CH, 1-07 x 108; CH,!CHPh 1-35 x 104 
(CH,),CH-CH,-CHPh:S‘CH, 110 ,,  ; (CH,),CH-CH:CHPh 1-30 _,, 
(CH,),C‘CH,-CHPh‘S‘CH, 1-01 ,, ; (CH,),C‘CH‘CHPh 1-49 ,, 


Colorimetry. The small yields of 3,3-dimethylbut-l-ene obtained from the sulphonium salt 
were re-measured by a modification of MacPhee’s method, which depends on the blue colour 
given by olefins (and many other compounds) with acid solutions of complex molybdates 
containing a palladous salt. The reagent was prepared as he describes,** but, although it is 


TABLE 20. Proportion of olefin formed in reactions of alkyldimethylsulphonium iodides 
and sodium ethoxide in ethanol. 
[Total Sample No. of 





Run Alkyl Temp. Method _ salt), * (ml.) points Olefin (%) 
128 Ethyl 34-73° Asp. 0-1502 25—50 8 145 +07 
129 a 45-68 ue 0-1513 - 7 16-2 0:8 
130_—s—i,, 64-08 a 0-1498 i 10 20-5 0-5 
131 - 72-79 a 0-1500 me 7 21-2 0:7 
132 n-Propyl 34-73 i 0-1501 * 10 5-0 0-5 
133 a 45-68 ve 0-1496 a 8 6-4 0-3 
134 on 64-08 ws '0-1480 aa 12 7-6 0-5 
135 me 72-79 oe 0-1532 ll 8-3 0-4 
136 n-Butyl 64-08 Ext. 0-1532 ‘a 7 5-4 0: 
137 a. , - i 0-1623 ‘s 7 5-4 0-8 
138 “a - - 0-1520 10 6 5-0 0-8 
139 * ” ° 00-1520 25—50 4 5-9 0-5 
140 Isobutyl a » 0-1623 50 4 2-0 0-6 
141 Isopentyl - Pe 0-1520 25 5 3-7 0-5 
142 o - a 0-1670 10 5 3-6 0-7 
143 - he wm 0-1530 50 5 3-9 0-4 
144 3,3-Dimethylbutyl vs a 0-1501 25 5 0-21 0-10 
145 e ‘a i 0-1500 75 5 0-35 0-15 
146 he * : 0-1523 i 3 0-12 0-06 
147 ie " Pe 0-1529 a 7 0-36 860-10 
148 iv mm “ 0-3521 be 3 0-15 0-08 
149 - “ a 0-3513 “< 5 0-10 0-07 
150 ns ‘ a 0-3800 ss 5 0-15 0-08 
151 ia ‘ i 0-3581 25 3 0-08 0-04 
152 " a Col. 0-1500 75 8 0-12 0-06 
154 1-Phenylethyl 34-87 Ext. 01523 5—15 5 63-2 2-0 
155 - - Pe 0-1500 - 8 64-1 1-5 
156 a a UV 0-1408 5 3 63-8 0-6 
157 - 64-08 be 0-1531 * 3 69-1 0-8 
158 1-Phenylpropyl 34-87 Ext. 0-1501 5—15 1] 32-2 1-4 
159 - ‘ “ 0-1562 ” 2 32-6 1-0 
160 3-Methyl-1-phenylbutyl 3 ms 0-1530 20 7 27-1 = «12 
161 o ” in UV 0-1523 5 3 28-2 0-3 
162 3,3-Dimethyl-1-phenylbutyl ‘a Ext. 0-1518 5—I15 8 22-3 1-1 
163 - be bs UV 0-1600 5 3 22-0 0-3 


* In nearly all runs the initial molar ratio of sodium ethoxide to sulphonium iodide was about 2: 1. 
+ The proportion of olefin produced remained constant at 25, 30, 50, 60, and 75% of reaction. 





stable, its properties were found to vary from batch to batch, and therefore the same batch 
had to be used for analysis and calibration. The olefin was extracted as described above, but 
with tetrachloroethane (200 ml.) instead of carbon tetrachloride, and then the olefin was aspirated 
from that solvent by a stream of nitrogen at 45° and collected in a trap cooled by liquid nitrogen. 
** MacPhee, Analyt. Chem., 1954, 26, 221. 
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TABLE 21. Proportions of olefin formed in reactions of alkyldimethylsulphonium iodides 
with potassium t-butoxide in t-butyl alcohol at 34-86°. 
[Total Sample No. of 


Run Alkyl Method salt], * (ml.) points Olefin (%) 
164 3,3-Dimethyl-l-phenylbutyl UV 0-1503 5 3 46-0 + 0-5 
165 Ethyl Asp. 0-1103 56 3 32-4 1-0 
166 a a 0-1135 56 3 32:3. 1-1 
167 n-Propyl - 0-1237 28—140 4 7-7 0-2 
168 “ es 0-1213 28 3 82 15 
169 “i i 0-1103 56 2 90 O1 
170 n-Butyl Asp., Ext. 01203 20—40 5 55 0-7 
171 Isopentyl Ext. 0-1125 i 5 29 0-9 
172 a - 0-1131 4 4 16 05 
173 - Asp. 0-1201 m 3 24 O04 
174  3,3-Dimethylbutyl t¢ Ext. >0-25 120 s 1-1 0-4 
175 in t a 0-1120 60 3 14 06 
176 a t Col. 0-1032 75 2 12 03 


* In runs 164—173, the initial molar ratio of potassium t-butoxide to sulphonium iodide was 
about 5: 2. 

+ Not kinetically controlled: more sulphonium iodide was added than would dissolve in 0-25n- 
potassium t-butoxide in t-butyl alcohol. 

t The initial solutions were approximately 0-025m in the sulphonium iodide, 0-065m in sodium 
t-butoxide, and such a concentration in sodium perchlorate as to bring the total salt up to the figures 
given. 


TABLE 22. Proportions of olefin formed in reactions of alkyltrimethylammonium 
nitrates with potassium ethoxide in ethanol. 
(Total Sample No. of 


Run Alkyl Temp. Method _ salt], * (ml.) points Olefin (%) 
177 Ethyl 104-2° Asp. 0-9030 10 5 72-5 + 15 
178 sf *” ” 0-6130 22 7 69-5 13 
179 at ” 20 0-1523 20 3 703 10 
180 n-Propyl ai oe 0-1532 75 3 18:0 0-7 
181 pS » os 0-6230 10 3 195 09 
182 Isopropyl = S 0-6234 10 6 97-2 16 
183 n-Butyl “~ Ext. 0-1531 80 2 10-7 0-5 
184 on - ~ 0-7032 50 4 10-5 0-2 
186 Isobutyl ot os 0-1493 25—30 6 6-2 1-0 
187 t-Butyl ae a 0-1523 25 5 98-0 3861-9 
188 Phenethyl m UV 0-1612 5 5 100-3 0-6 
189 n-Decyl a Ext. 0-1523 20 4 150 09 
190 Isopentyl = sa 0-1547 50 3 45 Ol 
191 a eo - 0-1555 80 2 38 03 
192 ” ” ” 0-8032 50 2 3-5 0-1 
193 3,3-Dimethylbutyl Ma oe 0-1521 650—75 4 0-27 0-06 
194 me ai a 0-5320 50 2 0-53 0-04 
195 sa i oi 0-7240 80 2 0-33 0-01 
196 - i Col. 0-1520 25 + 0-36 0-05 
197 1,2,2-Trimethylpropyl 100-6 Ext. 0-1583 20 4 53-0 0-7 
198 ” ” ” » 0-8732 10 4 53-7 0-8 
199 1-Ethyl-2,2-dimethylpropyl- Bh ia 0-1864 10 3 93 O02 
200 os - “ ee 0:6490 10 3 94 03 
201 1-Isopropyl-2,2-dimethylpropyl- _,, in 0-6130 10 3 28 10 
202 od “ te “ Hyd. 0-6130 4 4 19 04 
203 1-Isopropyl-2-methylpropyl- be Ext. 0-1623 25 3 20-0 0-5 
204 0 0 pa a. rt 0-7023 10 3 20-2 05 


* The initial total salt is given as the concentration of the supplied potassium ethoxide, because 
the potassium precipitates almost all the nitrate from the smaller supply of the ammonium nitrate. 
This supply was about 55% of that of the ethoxide in all experiments except those at 104-2° having 
total salt concentrations in the range 0-5—0-9m, when it was about 65%. 


Very little of the solvent was thus carried over, as is important, because the aspirate has to be 
totally miscible with the medium (aqueous acetic acid) of the reagent. Acetic acid (10 ml.) and 
the reagent (30 ml.) were added to the aspirate, and the solution was left at room temperature 
in the dark for 3 hr. to allow the development of colour. The colour intensity, as read on a 
Spekker absorptiometer, with an Ilford red filter No. 608, was compared with a calibration 
curve, constructed from similar measurements on artificially prepared solutions in acetic acid 
of 3,3-dimethylbut-l-ene. It was shown that sulphides and alcohols were not present in the 
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TABLE 23. Proportions of olefin formed in reactions of alkyltrimethylammonium 
nitrates and potassium t-butoxide in t-butyl alcohol at 72-85°. 


[Total Sample No. of 
Run Alkyl Method salt], * (ml.) points Olefin (%) 
205 Ethyl Asp. 0-1500 12 3 99-5 + 1:3 
206 “ - 0-3201 7 3 100-115 
207 n-Propyl i 0-1530 7 4 723 1:0 
208 ‘e Pe 0-1562 12 3 73-3 1-2 
209 = n-Butyl Ext. 0-2712 56 3 319 | 1:3 
210 pa ‘ 0-3623 56 3 31-9 0-9 
211 Isopentyl an 0-1542 56—85 3 10-6 0-5 
212 os e 0-4420 75 3 11-3 (0-7 
213 3,3-Dimethylbutyl “ 0-2613 56—75 6 0-41 0-13 
214 o m 0-8031 28 2 0-49 0-05 
215 mm sa 0-8320 28 3 0-37 0-05 


* Potassium t-butoxide and the ammonium nitrate was supplied in the ratio of about 15: 8 in 
all these experiments. The total initial salt concentration is taken as that of the supplied t-butoxide, 
because almost all the nitrate is precipitated as potassium nitrate. 


samples analysed, that ethers gave no colour, and that the whole sample gave no colour if 
previously treated with bromine. 

Hydrogenation. Bromometric determination of the small yield of olefin from 1-isopropyl- 
2,2-dimethylpropyltrimethylammonium ethoxide was rendered inaccurate by concurrent 
substitution, as checked by iodate titration of the hydrogen bromide formed, and recourse was 
therefore had to catalytic hydrogenation by Warburg’s micromanometric technique. The 
experiments were done at 25°, with mercury as the manometric fluid, effects of temperature 
and pressure fluctuations being annulled by a compensating thermobarometer. The sample 
(4:0 ml.) and acetic acid (3-0 ml.) were placed in the Warburg flask, and platinum oxide 
(0-005 g.) and acetic acid (0-5 ml.) in the side-arm. Nitrogen was passed through the apparatus 
for 1 min. and then hydrogen for 4 min. Then the system was sealed, and brought to equilibrium 
by shaking for 5 min., whereafter the catalyst was tipped into the inner flask. Absorption of 
gas was rapid, and, at constant volume, reductions of pressure of about 30 mm. were recorded. 
The method was calibrated by use of artifically prepared olefin solutions. 

Gas-chromatography. Most of the olefins were identified, along with the other volatile 
products of the sulphonium and ammonium salt decompositions, by gas-chromatography, and 
the same method served to confirm in an approximate way the lower yields of olefin as given 
by chemical or optical analysis. 

(b) Results —Typical runs are not presented here, because so many methods, and variations 
of method, were used. In Tables 20—23, the determined mean percentages of olefin are 
assembled, along with indications of the experimental method, the number of points for which 
the analysis was performed in each reaction, and the formal deviation. The key to the 
indications of method is as follows: Asp. = aspiration; Ext. = extraction; UV = optical 
absorption; Col. = colorimetry; Hyd. = hydrogenation. 


Miscellaneous Analyses 

(a) Dimethyl Sulphide.—This was aspirated from the reaction products with traps of aqueous 
mercuric chloride as described on p. 4083, and the precipitate was weighed “4 as 2Me,S,3HgCl,. 
We required to know the proportions of methyl sulphide formed in the decompositions of the 
dimethyl-1-phenylalkylsulphonium ethoxides, in order to complete the determination of olefin 
by ultraviolet absorption spectrophotometry (p. 4083), and also in order to understand the 
rate changes generally in that series (p. 4066), in which our results for product composition are 
summarised in Table 24. 

(b) Other Products.—Most of the products formed in the reactions studied in this paper had 
been identified in previous work, which we supplemented only in a few particular points. The 
decomposition of ethyldimethylsulphonium ethoxide, which gives 20% of ethylene, was shown, 
nevertheless, to yield dimethyl sulphide and ethyl methyl sulphide in the molecular ratio 4: 1, 
by aspirating the sulphides, trapping them at a low temperature, methylating them with 
methyl! iodide in nitromethane, and chromatographing the sulphonium iodides comparatively 


“4 Faraghar, Merrell, and Comay, J. Amer..Chem. Soc., 1929, 51, 2774. 
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TABLE 24. Proportions of products formed in reactions of dimethyl-l-phenylalhyt- 
sulphonium iodide with sodium ethoxide in ethanol at 34-87°. 


Me,S * Olefin Substitution (%) to give 
Run 1-Phenylalky % % Me,S RSMe 
216 1-Phenylethyl 94 63-8 30-2 6 
217 1-Phenylpropyl 72 32-2 39-8 28 
218 3-Methyl-1-phenylbutyl 54 28-0 26-0 46 
219 3,3-Dimethyl-1-phenylbutyl 32 22-0 10-0 68 


* All figures in this column are means of 5 readings. 


with authentic specimens of the components of the mixtures. On the other hand, the decom- 
position of ethyltrimethylammonium ethoxide gave trimethylamine hydrochloride in proportion 
corresponding to the ethylene, whilst the obtained ethyldimethylamine hydrochloride accounted 
for all the rest of the decomposition. The products from 3,3-dimethylbutyl-dimethyl- 
sulphonium and -trimethylammonium ethoxide were identified by gas-chromatography, 
authentic specimens of the separate products being used for identification of the peaks. 
Incidentally, from the latter decomposition, the new amine, 3,3-dimethylbutyldimethylamine, 
b. p. 125—127°, the hydrochloride of which decomposed above 130° (Found: Cl, 21-3. 
CsHypNCl requires Cl, 21-5%), was isolated in 90% yield. The products from the much- 
branched quaternary ammonium ethoxides of Series (5) (cf. Section 7) were similarly identified 
by gas-chromatography, and those from the 1-phenylalkylsulphonium ethoxides of Series (6) 
(cf. Section 8) were separated chemically and by chromatography on alumina or kieselguhr, 
the olefins bring identified mainly by infrared analysis. 


WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
University CoLLEGE, GOWER ST., Lonpon, W.C.1. (Received, March 21st, 1960.] 





800. Mechanism of Elimination Reactions. Part XXI,.* 
Anomalous Elimination from aa'-Dichlorosuccinic Acid. 


By E. D. Hucues and J. C. MAYNARD. 


The kinetics and products of alkaline and acid aqueous monodehydro- 
chlorination of meso- and racemic dichlorosuccinic acid are studied, and 
indications in the previous literature (which is corrected in some points) that 
the meso-acid breaks the stereokinetic rule of bimolecular anti-elimination are 
confirmed. An explanation is offered, which is based on non-synchronous 
timing in concerted E2 bond-changes, the impairment of simultaneity being 
in this case a relative advancement of deprotonation, due to the potential 
prototropy imported by the carboxyl groups. 


THE literature of olefin eliminations in simple systems contains a very few cases—only 
two unrevised ones, as far as we are aware—in which the main elimination product is the 
“ theoretically incorrect ” stereo- or position isomer. We look into these two qualitative 
anomalies in this and the following paper. We confirm both, and ascribe them, as we 
would ascribe several less striking, only quantitatively detectable deviations from expect- 
ation based on simple theory, to non-synchronous timing in concerted E2 bond-changes, as 
discussed, in the latter type of context, in Section 9 of Part XX.* 

The qualitative anomaly of longest standing arises in connextion with the alkaline and 
acid aqueous monodehydrochlorination of meso- and racemic dichlorosuccinic acid. The 
literature of these reactions, which dates from 1892, contains a number of inconsistencies; 
but, through all, the report persists that both dichloro-acids in both sorts of conditions 
give wholly or largely chlorofumaric acid. It is reported also that the alkaline elimin- 
ations are second-order reactions. Bimolecular anti-elimination requires that the meso- 
dichloro-acid should give chloromaleic acid only, and that the racemic dichloro-acid 
should give chlorofumaric acid only. 

* Part XX, preceding paper. 
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As regards the reactions with aqueous hydroxide ion, Michael and Tissot } showed that 
the meso-dichloro-acid gave chlorofumaric acid, and Holmberg 2 showed that the racemic 
dichloro-acid gave the same product. Holmberg * found that both alkaline eliminations 
followed a second-order rate law, Rate oc [OH~](C,H,Cl,(CO,~),], and that the reaction of 
the racemic acid went in his conditions about 9 times faster than did that of the meso-acid. 
Robinson and Lewis, however, found no definite rate-law for the alkaline reaction of the 
racemic dichloro-acid, calculated second-order constants falling strongly with time, 
They suggested, but recorded no attempt to prove, that this acid becomes partly 
converted into the meso-acid during dehydrochlorination. 

Concerning dehydrochlorination in aqueous acidic conditions, Michael and Tissot ! 
showed that, when the meso-dichloro-acid was heated in water, a mixture of chloromaleic 
and chlorofumaric acid resulted, but that, when the racemic dichloro-acid was similarly 
treated, only chlorofumaric acid was produced. Holmberg? showed that these results 
remained unaltered when the reactions were conducted in the presence of added hydro- 
chloric acid. Robinson and Lewis ‘ reported, on the other hand, that acid dehydrochlorin- 
ation of the meso-dichloro-acid gave chlorfumaric acid only. As to rate, Holmberg? 
found that acid dehydrochlorination of both dichloro-acids, both in the absence 
and in the presence of added hydrochloric acid, obeyed the first-order law, 
Rate oc [C,H,Cl,(CO,H),], the reaction of the racemic dichloro-acid proceeding about 
2-5 times faster than that of the meso-isomer. Robinson and Lewis,’ however, found no 
definite rate-law for the acid dehydrochlorination of the racemic dichloro-acid, their 
calculated first-order constants falling with time. 

Our revision completely confirms the earlier work, and traces all discrepancies to 
inaccuracies in Robinson and Lewis’s. We assume that their supposed racemic dichloro- 
acid contained a large proportion of the meso-acid, and that they missed the more soluble 
isomer in the dehydrochlorination product whenever two isomers were formed. 

We add some further particulars concerning thé alkaline reactions. Both dichloro- 
isomers as sodium salts reacted with aqueous sodium hydroxide with good second-order 
rates, giving no indication of consecutive reactions. Comparison of the rate constants 
obtained in different runs disclosed a large positive salt-effect, controlled essentially by the 
ionic strength, as was confirmed by conducting runs not only with different initial con- 
centrations of the reactants, but also with added sodium perchlorate or sodium chloride. 
The rate constants remain good, because the ionic strength does not change during a run. 
A large positive salt effect is expected for a reaction between ions of like charge. At 25°, 
the racemic dichloro-acid reacted 14 times faster than the meso-acid. The Arrhenius 
activation energy of the former reaction, 16-1 kcal./mole, was comparably lower than that 
of the latter, 17-4 kcal./mole, the difference accounting for a rate ratio of 9. 

In these reactions, Holmberg, and also Johansson, found * rates which were 2—3 times 
greater when the alkali was barium hydroxide than when it was sodium or potassium 
hydroxide. We confirmed the difference. We explain it by assuming that the dichloro- 
succinate ions and the barium ions partly associate, as multivalent ions are known to do in 
water, and that the cationic field in the ion-pairs locally breaks down the electrostatic 
opposition to encounters between the dichlorosuccinate and hydroxide ions. 

We confirm that the second-order reactions of both meso- and racemic dichlorosuccinate 
ion with hydroxide ion give one and the same monodehydrochlorination product, the 
chlorofumarate ion. We isolated chlorofumaric acid in pure form and in high yield. 
We confirmed that chloromaleic acid is stable under the conditions of production of the 
chlorofumaric acid, and, if formed at all, would survive and be detected. 

1 Michael and Tissot, J. prakt. Chem., 1892, 46, 392; 1895, 52, 333; cf. van der Riet, Annalen, 1894, 
TTS etait. Arkiv Kemi, Min., Geol., 1920, 8, no. 2. 

* Holmberg, J. prakt. Chem., 1911, 84, 149; Z. phys. Chem., 1912. '79, 147; cf. Johansson, ibid., p. 


625. 
* Robinson and Lewis, J., 1933, 1260. 
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The more difficult of these results to understand is that the meso-dichloro-acid gives 
only chlorofumaric acid. Skell and Hauser’s test for a prior-deprotonation mechanism 
was therefore applied in this case, by conducting the reaction in deuterio-water, and look- 
ing for deuterium in starting material recovered after partial conversion. The uptake of 
deuterium was only about 0-5% of that possible. Cristol and Fix 5 obtained a deuterium 
uptake of the same order of magnitude in a similar experiment on the alkaline dehydro- 
chlorination of -benzene hexachloride, and regarded it as supporting the prior-deproton- 
ation mechanism, ElcB. We do not think that our observed uptake of deuterium is 
sufficient to support any conclusion about the mechanism of the main reaction. 

We next fill in some details concerning the acid dehydrochlorinations. Both the 
dichloro-acids in water alone underwent dehydrochlorination with good first-order rates. 
Addition of sodium perchlorate disclosed a small negative salt-effect. Additions of 
perchloric acid in small concentrations reduced reaction rate rather more than the 
equivalents of sodium perchlorate would have done; but at higher concentrations of 
perchloric acid, such as N, further perchloric acid and sodium perchlorate reduced the rate 
slightly and similarly. We think it possible that the dichloro-acids react with water in 
the absence of an added strong acid both in their undissociated forms and as their 
monoanions, and that the first effect of an added strong acid is to suppress the monoanions, 
leaving in isolation, above a certain acidity, only the reactions of the molecular acids. 
Because these have small negative salt effects, and no large positive ones, we assume that 
they are bimolecular reactions, £2 essentially, with water as the basic reagent, rather than 
unimolecular eliminations, E1. In N-aqueous perchloric acid at 80°, the racemic dichloro- 
acid underwent dehydrochlorination 2-7 times faster than the meso-acid. The Arrhenius 
activation energy of the former reaction, 22-1 kcal./mole, was comparably lower than that 
of the latter, 22-5 kcal./mole, the difference accounting for a rate-ratio of 1-8. 

The reaction of meso-dichlorosuccinic acid, both in water alone, and in water contain- 
ing N-perchloric acid, gave mixtures of chloromaleic and chlorofurmaric acid, which, 
separated from non-isomers in good yield, were analysed by a kinetic method. Such a 
mixture, produced in the less acidic conditions, contained 61% of chloromaleic and 39% 
of chlorofumaric acid. Another mixture, formed in the more strongly acid conditions, 
contained 53% of chloromaleic acid and 47% of chlorofumaric acid. The reaction of 
racemic dichlorosuccinic acid, both with water alone, and with water containing N-per- 
chloric acid, gave only chiorofumaric acid, which was isolated in a pure form and in high 
yield. It was shown that chloromaleic acid was stable under the various conditions of 
production of chlorofumaric acid and of the mixed isomers, #.e., that the unsaturated acids 
obtained are original dehydrochlorination products. 

To interpret these relations, we shall assume that all the eliminations considered are 
E2 in mechanism, whether the substrate is a dichlorosuccinate ion or the corresponding acid 
molecule, and whether the involved base is a hydroxide ion or a water molecule. We shall 
also assume that the substrates are stable only in staggered conformations, and, among 
these, most stable in those having anti-carboxyl groups. 

The reactions of the racemic dichloro-ion and molecule appear straightforward. Of 
the three conformations, (I)—(III), the anti-carboxyl one (III) is not only the most stable, 
but also the only one with an anti-HCl atom-pair, as needed for ready E2 elimination. 
The result of this elimination must be to give chlorofumaric acid, which in fact is the only 
isomer formed, either in alkaline or acid conditions. 

The possibilities before the meso-dichloro-ion and -molecule are less obvious. Of the 
three conformations (IV—VI), only (V1) is stable, but it has not the anti-HCl arrangement 
needed to facilitate E2 elimination. The usual result of such a situation would be that 
elimination would occur more slowly through some unstable conformation; but in this 
case, the prototropy, imported into the molecular system by its carboxy] groups, may 


5 Cristol and Fix, J. Amer. Chem. Soc., 1953, 75, 2647. 
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provide an easier alternative. The effect of the potential prototropy would be, not 
necessarily to break up the concerted character of the E2 bond-changes, but certainly 
to impair their near-simultaneity, (a) by facilitating and advancing deprotonation, and 
(6) by providing a special reservoir for the electrons thus liberated. This will have stereo. 
chemical consequences. For, as the proton is loosened, most of the charge it leaves on 
carbon will be transferred to oxygen; and that transfer will be instantaneous on the time- 


Fic. 1. Conformations of dichlorosuccinic acids and anions. 


cl 
cl H c H cl H 
4 x x cl cl H 
x x 
(1) (I) (mm) 
H \ H » al cd 
xm x 
H x x clot H 
H’ |i 
X x x x 
(Iz) (x) (zz) (mr) 


Racemic, I—III; most stable, III; transition state for elimination, like III. 
Meso-, 1V—-VI; most stable VI; transition state for elimination, more like VII than VI. 


~X means —CO,H or -CO,-; =X means =C(OH), or =CO,*-. 


scale of nuclear movements. Thus it transpires that enolic C=C electrons rather than 
original CH electrons, have to assist the departure of the halide ion, and must be anti- 
related to the separating halogen in order to fulfil this function. Accordingly, the 
transition state will become modified towards the ElcB-like form (VII), in which a partly 
enolised carboxyl group is approximately anti-related to a chlorine atom. The formula 
suggests the production of comparable amounts of chloromaleic and chlorofumaric acid, as, 
indeed, is observed in acid dehydrochlorinations of the meso-dichloro-acid. It is then easy 
to understand how, in the corresponding alkaline dehydrochlorination, in which the groups 
X in (VII) are no longer the neutral groups, C(OH), and CO,H, but are the charged groups, 
CO,?- and CO,_~, inter-ionic repulsion will conformationally twist the transition state in the 
sense favouring a more exclusive production of chlorofumaric acid, which, in fact, is the 
only observed product of the alkaline dehydrochlorination. 


EXPERIMENTAL 


Materials.—meso-Dichlorosuccinic acid was prepared by Terry and Eichelberger’s method ° 
of adding chlorine to sodium maleate in a neutral aqueous solution saturated with sodium 
chloride. We agree with Kuhn and Wagner-Jauregg ’ that it is difficult similarly to prepare 
racemic dichlorosuccinic acid from sodium fumarate, because this reaction leads to both 
dichloro-acids, besides chloromalic acid, and the required racemic acid is intermediate in 
solubility between the other two acids. We therefore made it by Michael and Tissot’s method ! 
of leading chlorine into a solution of maleic anhydride in carbon tetrachloride in sunlight, and 
hydrolysing the resulting dichlorosuccinic anhydride. The meso-acid had m. p. 216—218° 
(decomp.) (Found: C, 25-8; H, 2-2; Cl, 37-9%; equiv., 93-5. Calc. for CgH,Cl,O,: C, 25-7; 

* Terry and Eichelberger, J. Amer. Chem. Soc., 1925, 47, 1067. 

7 Kuhn and Wagner-Jauregg, Ber., 1928, 1, 518. 
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H, 2:1; Cl, 37-9%; equiv., 93-5). The racemic anhydride had m. p. 94—95°, and the acid, 
m. p. 173—175° (decomp.) (Found: C, 25-8; H, 2-2; Cl, 37:8%; equiv., 93-5). Chlorofumaric 
acid, prepared by a method due to Perkin,’ had m. p. 193°. Chloromaleic acid, obtained from 
the commercial anhydride, had m. p. 108—109°. 

Kinetics Samples were withdrawn by pipette from the reaction solutions, the first sample, 
taken after the initial thermal disturbance was over, marking the time-zero, and were quenched 
by strong cooling. In alkaline runs, samples were titrated either for residual alkali, or by 
Volhard’s method for liberated chloride ion, the two procedures giving the same results. 
Infinite-time readings were not taken, because the slow second step of dehydrochlorination was 
fast enough to spoil such measurements. Second-order rate-measurements were calculated 
from the usual formula, and corrected for thermal expansion of the solvent where necessary. 
Acid runs were followed by titrating the liberated chloride ion potentiometrically. First-order 
rate constants were calculated from the usual formula. 

These kinetic laws held so exactly throughout this investigation, that we illustrate our runs 
minimally in Table 1 by an alkaline and an acid run with each dichloro-acid. In this and later 


TABLE 1. Alkaline and acid aqueous monodehydrochlorinations of meso- and racemic 
dichlorosuccinic acids: four illustrative runs. 
Run 15: Reaction of the meso-acid with sodium hydroxide in water at 25-0°. (Initially, 
[C,H,Cl,(CO,~).] = [OH~] = 0-1020M. Samples of 10 ml. titrated with 0-0510N- 
HCl.) 


| | ere 0-0 0-5 1-0 2-0 3-0 4:0 6-0 80 21-0 

Fete Gah.) ..260000- 20-08 18-35 16-90 14-65 12-78 11-46 9-49 8-02 3-98 

SUE id Eanes ee —_— 51-1 51-1 50-4 51-4 51-2 50-6 51-1 51-9 
Mean: 51-1 


Run 88: Reaction of the racemic acid with sodium hydroxide in water at 25-0°. (Initially, 
[C,H,Cl,(CO,~),] = [OH~] = 0-0500M. Samples of 10 ml. titrated with 0-02034nN- 
HCL.) 


]  ) peoers oe 0 10 20 30 40 60 90 120 150 
Titre (ml.)............ 22°07 19-40 17°31 15-65 14-21 12-09 9-85 8-43 7-20 
PIES, accrcsesacoabeddes —- 512 510 509 514 611 511 500 512 

: Mean: 511 


Run 125: Reaction of the meso-acid with water containing 0-974N-perchloric acid at 80-0°. 
(Initially, [C,H,Cl,(CO,H),| = 0-0290m at 20°. Samples of 5-582 ml. at 20° titrated 
with 0-009979N-AgNO,.) 


RD wastedeacuine 0 1 2 3 4 5 6 7 8 

Bee CRY ci eskiee 0-35 1-47 2-53 3-52 4-41 5-26 6-05 6-78 7-46 

Dn tccsinniennnseis -— 1:96 1-98 1-98 1-97 1:97 1-97 1:97 1-97 
Mean: 1-97 


Run 129: Reaction of the racemic acid with water containing 0-974N-perchloric acid at 80-0°. 
(Initially, [C,H,Cl,(CO,H),] = 0-0290m at 20°. Samples of 5-582 ml. at 20° titrated 
with 0-009979Nn-AgNO,.) 


BRE.) .....ccsecerens 0-00 0-25 0-50 0-75 1-00 1-25 1-50 1-75 2-00 
YT) 0-78 1-54 2-24 2-89 3-53 4-15 4-74 5-29 5-81 
IR Sacha sapecsennces — 5-39 5-31 5-23 5:25 5-26 5-28 5-28 5-25 

é Mean: 5:28 


Tables, k, is always in sec.“! mole™! 1., and , in sec.“!. Tables 2—5 assemble the second- and 
first-order rate constants for the alkaline and acid runs of the meso- and racemic dichloro-acid. 
Products.—The principal findings have been summarised and it remains only to illustrate 
methods. a 
As to the alkaline reactions, aqueous solutions of either dichloro-acid, along with a sufficient 
excess of sodium hydroxide to produce a solution 0-1m in both the dichlorosuccinate ion and 
hydroxide ion, were kept at 25° for ten “ half-lives,” acidified, and extracted with ether; 
* Perkin, J., 1888, 58, 695. 
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TABLE 2. Second-order rate constants of reaction of the meso-acid with alkali 
hydroxide in water. 





105% 
enumniiiaimnadal 
Temp. [C,H,Cl,(CO,-).] [NaOH] [NaClO,} 7 by OH- by Cl- 
25-00° 0-102 0-102 — 0-408 51-1 50-0 
da 0-102 0-195 — 0-498 57-2 58-1 
6d 0-102 0-296 — 0-602 65-8 67-2 
oe 0-102 0-490 —- 0-796 79-2 — 
- 0-077 0-190 _ 0-421 51-4 —_— 
on 0-125 0-194 — 0-569 58-9 — 
os 0-172 0-197 — 0-713 73-7 —_ 
°° 0-101 0-195 0-089 0-587 63-0 64-7 
- 0-101 0-195 0-089 * 0-587 63-6 63-8 
i 0-101 0-195 0-160 0-664 69-2 — 
8 0-101 0-195 0-302 0-800 81-1 —_— 
os 0-101 0-195 0-502 1-000 99-0 —_— 
20-00 0-102 0-102 — 0-408 31-9 — 
35-00 0-102 0-102 —- 0-408 128 — 
44-65 0-102 0-102 -—— 0-408 322 — 
25-00 0-0788 [KOH] 0-0788 — 0-315 51-7 51-1 
25-00 0-0271 [Ba(OH),] 0-0135 — 0-149 189 185 
* NaCl, not NaClo,. 
TABLE 3. Second-order rate constants of reaction of the racemic acid with alkali 
hydroxide in water. 
105k, 
"gee ag ei 
Temp. [C,H,Cl,(CO,-),] [NaOH] [Naclo,} 1 by OH- —— by C- 
25-00° 0-050 0-050 — ' 0-200 511 511 
pf 0-050 0-100 — 0-250 575 578 
os 0-050 0-150 — 0-300 €20 610 
os 0-075 0-100 —- 0-325 642 — 
o» 0-100 0-100 — 0-400 736 —- 
90 0-050 0-050 0-030 0-230 567 — 
»” 0-050 0-050 0-080 0-280 622 = 
o 0-050 0-050 0-130 0-330 672 — 
»» 0-050 0-050 0-180 0-380 742 a 
19-95 0-050 0-050 — 0-200 328 _- 
30-00 0-050 0-050 — 0-200 830 ~ 
34-71 0-050 0-050 — 0-200 1252 —_ 
25-00 0-0303 [Ba(OH),] 0-0151 = 0-167 1660 — 


TABLE 4. First-order rate constants of reaction of the meso-acid with water in 
acid solution. 


Temp. [(C,H,Cl,(CO,-),] [HCIO,) [NaCclo,] » 105k, (by Cl-) 
80-00° 0-020 —— -- — 2-49 
» 0-030 —- aH — 2-55 
” 0-040 a —_— 2-59 
” 0-060 _— = — 2-65 
” 0-030 — 1-00 1-00 2-24 
» 0-030 0-100 — —_ 2-45 
” 0-030 0-200 —_— — 2-38 
” 0-029 0-974 _— 0-97 1-97 
” 0-030 2-00 — 2-00 1-54 
” 0-030 3-00 — 3-00 1-225 
” 0-030 4-00 —- 4-00 1-011 
” 0-030 1-00 1-00 2-00 1-460 
” 0-030 2-00 1-00 3-00 1-167 
” 0-030 3-00 1-00 4-00 0-915 
65-42 0-029 — — — 0-552 
oo 0-029 0-974 — 0-97 0-491 
72-67 0-029 — os — 1-213 
” 0-029 0-974 —_— 0-97 1-000 
87-44 0-029 —- —— —- 5-19 
” 0-029 0-974 _— 0-97 3-75 
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95—99% yields were obtained of material, m. p. 190° or just above, and similar mixed m. p.s 
with authentic chlorofumaric acid, m. p. 193° (Found: C, 31-9, 32-0; H, 2-1, 2-2; Cl, 23:5, 23-2. 
Calc. for C,H,ClO,: C, 31-9; H, 2-0; Cl, 23-6%). 

The stability of chloromaleic acid in these conditions was directly checked, though the point 
is indirectly covered by Cristol and Begoon’s demonstration ® that this acid is more stable 
to alkali than is chlorofumaric acid which we isolated. Robinson and Lewis’s suggestion ‘* that 
the racemic dichloro-acid is isomerised to the meso-dichloro-acid in the course of alkaline 
dehydrogenation was proved incorrect by isolating the product of a partial conversion of the 
racemic dichloro-acid, and showing, by a leaching-out method, elaborated with artificial 
mixtures of the two dichloro-acids and chlorofumaric acid, that the partly converted material 
contained no detectable amount of meso-acid. 

Unconverted meso-acid was also recovered by leaching-out more soluble acids from the 
product of a partial alkaline dehydrochlorination of the meso-dichloro-acid in deuterio-water. 
It was assumed that the separation process would have isotopically normalised carboxyl- 
hydrogen. The sample, after ordinary analysis, was burnt, and the water was collected. This 


TABLE 5. First-order rate constants of reactions of the racemic acid with water in 
acid solution. 

Temp. [C,H,Cl,(CO,H),] [HCIO,) [NaCclo,] 

80-00° 0-020 


105k, (by Cl-) 
9-14 

0-030 
0-040 
0-060 
0-030 
0-030 
0-030 
0-029 
0-030 
0-030 
0-030 
0-030 
‘“ 0-030 
iin 0-030 
65-42 0-029 
te 0-029 
72-67 0-029 
- 0-029 
87-44 0-029 — 
od 0-029 0-97 
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was reduced with zinc dust, and the hydrogen was analysed for deuterium content in the mass- 
spectrometer, with the result already noted. 

Acid dehydrochlorinations were run for the ten “ half-lives”’ in water at 80° with both 
meso- and racemic dichlorosuccinic acid, and in both cases in the absence of strong acids, as well 
as in the presence of N-perchloric acid. From the product recovered after conversion of the 
racemic dichloro-acid in the absence of strong acids, an 80% yield of pure chlorofumaric acid 
was isolated, and identified, as in the alkaline dehydrochlorinations already described. The 
unseparated part of the product of this run was shown by catalytic hydrogenation to contain 
chloromalic acid equivalent to a 13% yield on the overall reaction. The figure is derived from 
the amount of hydrogen absorbed, on the basis that chlorofumaric acid takes up four atoms of 
hydrogen and chloromalic acid only two under the conditions used. Tartaric acid could not be 
detected. From the product of dehydrochlorination of the racemic dichloro-acid in the presence 
of n-perchloric acid, a 90% yield of pure chlorofumaric acid was isolated and identified, as 
before. 

The products of the acid conversions of meso-chlorosuccinic acid, in either set of conditions, 
were obviously mixtures. From such a conversion in the absence of an added strong acid, 
an 87% yield was obtained of a binary isomer mixture, i.e., a partly purified mixture, shown by 
its acid equivalent, its uptake of just four hydrogen atoms on catalytic hydrogenation, and its 
mixed-melting behaviour, to contain only chlorofumaric and chloromaleic acid. A further 9% 
of the dehydrochlorination product was recovered as a mixture of acids, which was shown by 


* Cristol and Begoon, J. Amer. Chem. Soc., 1952, 74, 5025. 
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hydrogenation to comprise a further 4% yield of elimination products (presumably chloro. 
fumaric and chloromaleic acid), and a 5% yield of substitution products (probably mainly 
chloromalic acid), these figures being calculated on the basis that chlorofumaric and chloro- 
maleic acid each take up four atoms of hydrogen and chloromalic acid two atoms, with no 
allowance for tartaric acid, which would take up none, because that acid could not be detected 
through its ferric salt. The 87%-sample of mixed isomers was analysed by a kinetic method, 
based on the fact ® that chlorofumaric acid undergoes further dehydrochlorination in excess of 
alkali about 20 times faster than does chloromaleic acid. These analytical dehydrochlorin- 
ations were run in water at 25°, with the two pure acids and the analytical sample in parallel, 
using a ten-fold excess of 0-4N-sodium hydroxide, and following chloride liberation by potentio- 
metric titration. The sample was thus shown to contain 39% of chlorofumaric acid and 61% 
of chloromaleic acid. 

A similar examination was made of the product of conversion of meso-dichlorosuccinic acid 
in the presence of n-perchloric acid. The yield of the binary isomer mixture, as prepared for 
analysis, was in this case 85%. It was shown to contain 47% of chlorofumaric acid and 53% of 
chloromaleic acid. 

The stability of chloromaleic acid in the conditions of the acid dehydrochlorinations, both 
in the absence and in the presence of perchloric acid, was checked by putting chloro- 
maleic acid through those two procedures, after which it was recovered unchanged, practically 
quantitatively. 


WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, GOWER St., Lonpon, W.C.1. [Received, March 2ist, 1960.] 





801. Mechanism of Elimination Reactions. Part XXII.* Anomalous 
Elimination from the Trimethylneomenthylammonium Ion. 


By E. D. Hucues and J. WILBy. 


The kinetics and products of the alkaline and neutral decompositions of 
menthyltrimethyl- and trimethylneomenthyl-ammonium ions in water or 
ethanol are examined, and indications in the previous literature that the 
alkaline neomenthy] reactions break the Hofmann rule for bimolecular ’onium 
eliminations are confirmed. An explanation is offered, which is based on 
non-synchronous timing in concerted E2 bond-changes, which in this case 
depart from simultaneity by relative advancement of the trimethylamine 
loss probably caused by instability in the reactive conformation of the 
quaternary ammonium ion. 


In the preceding paper reference was made to two qualitatively anomalous reports on the 
orientation of olefin elimination. The older and more fully authenticated anomaly was 
discussed in that paper; the other is to be considered here. 

It came to light in Hiickel, Tappe, and Legutke’s work! of 1940 on the relation of 
orientation in elimination to mechanism, though only then as a probable anomaly; for 
whilst these authors classified the reactions they discussed according to the elimination 
mechanism, E1 or E2, which the experimental conditions were thought to favour, their 
work contained no kinetic confirmation of the mechanisms assumed. The case now to be 
further considered, which is included by them, without details, in a report of olefin isomer- 
proportions, is that of the exhaustive methylation of neomenthylamine. They also 
examined, as we do for comparison, the exhaustive methylation of menthylamine. In 
menthylamine the 3,4-substituents are ¢vans-related, and in neomenthylamine they are 


* Part XXI, preceding paper. 
1 Hiickel, Tappe, and Legutke, Annalen, 1940, 543, 191. 
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cis-related; and the question of interest is whether menth-2-ene or menth-3-ene is mainly 
produced in these exhaustive methylations. 


ned Der! —> Me, _ Pe + ne, er! 


NMe} OH™ 

Read and Hendry ? had previously carried through these reactions; menthyltrimethyl- 
ammonium hydroxide gave 70% of menthyldimethylamine and 30% of a menthene; 
trimethylIneomenthylammonium hydroxide gave 100% of a menthene. The authors 
suggested that the former hydrocarbon was menth-2-ene and the latter menth-3-ene. 
Hiickel, Tappe, and Legutke analysed these menthenes, using the distinction that optically 
active menth-3-ene is racemised by acids in conditions in which menth-2-ene is optically 
stable; Read and McNiven repeated these analyses. The two sets of figures are in 
Table 1. 


TABLE 1. Menthenes from menthyltrimethyl- and trimethylneomenthyl-ammonium 
hydroxide: (a) Hiickel, Tappe, and Legutke; (b) Read and McNiven. 


Menth-2-ene (% Menth-3-ene (%) 
PII kick e dievebiassinessepdesas (a) 100, (b) 96 (a) 0, (6) 4 
TMs | saictiic vi ckncedencine’s (a) 20, (b) 10-5 (a) 80, (6) 89-5 


As we shall illustrate, it may not always be safe to assume that exhaustive methylations 
have the E2 mechanism, but it has always seemed rather likely that Hiickel, Tappe,; and 
Legutke’s assumption that these particular reactions have that mechanism is correct. If 
this be granted, and if it be accepted that E2 eliminations require an anti-conformation of 
changing bonds, then Table 1 reveals an anomaly. In the menthylammonium ion, the 
4-hydrogen atom is cis-related to the ammonium group; but one of the 2-hydrogen atoms 
is trans-related, and thus ¢rans-elimination from this ion can give only menth-2-ene, 
which is what the ion does give. However, in the neomenthylammonium ion, trans- 
hydrogen atoms occur in both the 2- and the 4-position, and, with both alternatives open, 
polar factors should control the direction of elimination. There are two principal polar 
factors, but it is usually found that, for onium eliminations by the E2 mechanism, the 
inductive effect dominates, leading to Hofmann-type orientation, which in this case would 
mean a preponderating proportion of menth-2-ene—contrary to the observations. Of 
course, if the assumption of an E2 mechanism should be wrong, or, more generally, if any 
factor should markedly increase the unsaturation in the transition state of elimination, 
then the electromeric effect might dominate sufficiently to lead to Saytzeff-type orient- 
ation, and thus to a major proportion of menth-3-ene, as is observed. 

It was obviously important to investigate the kinetics of these reactions, in association 
with determinations of olefin composition. We have thus examined the reactions of 
menthyltrimethyl- and trimethylneomenthyl-ammonium ions with hydroxide ions in 
water and with ethoxide ions in ethanol. We now summarise our observations on these 
reactions. 

The reaction of menthyltrimethylammonium ion with hydroxide ion in water at 153— 
173° is essentially of second order, though kinetic observations are affected by several 
disturbances. One is a concurrent, and not always negligible, first-order reaction. It is, 
of course, the sole reaction in the absence of hydroxide ion; it is comparable in importance 
to the second-order process when the hydroxide ion is about 0-01N; and it is negligible 
when the hydroxide ion is above 1-0n. Another disturbance is a side-reaction of substitu- 
tion of the recently reported fourth charge-type,* between a product and a factor of the 
main reaction: : 

R*NMe,* + NMe; ——3 R-NMe, + NMe,* 


: Read and Henry, Ber., 1938, 71, 2544. 
* McNiven and Read, J., 1952, 153. 
* Hughes and Whittingham, /., 1960, 806. 
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Naturally, this reaction disturbs only the later parts of runs, but it is quite important 
there, except when hydroxide ions are in considerable excess over the menthylammonium 
ion. The main reaction is subject to a negative salt effect, but this is not expected to be 
large in water, and is, indeed, not very obvious in the presence of the other disturbances, 

Having understood the disturbances, it was easy to avoid or allow for them. We paid 
main attention to those parts of runs which occurred before an extensive production of 
tetramethylammonium ion set in. We determined separately the rate of the first-order 
reaction, by leaving out the alkali. Then, we dissected out the second-order rate from 
the mixed-order reaction in a way which has been illustrated many times before.5 A 
knowledge of both the first- and second-order rate constants now enabled us to set up 
product-determining runs, which were either pure first-order or pure second-order reactions, 
In each case, about 70% of the total primary reaction consisted of elimination. The 
menthenes from the first-order decomposition contained 32° of menth-2-ene, and from 
the second-order reaction consisted wholly of menth-2-ene. 

The reaction of menthyltrimethylammonium ion with ethoxide ion in ethanol at 80— 
100° was essentially one kinetic process. There was no appreciable first-order reaction, 
and no appreciable entry by formed trimethylamine into competition with ethoxide ion 
for menthyltrimethylammonium ion. We observed a second-order process, subject, 
however, to a considerable negative salt effect, so that it became necessary to compare 
rate-constants at approximately standardised ionic strengths. The second-order reaction 
gave 15% of olefin, and this consisted wholly of menth-2-ene. 

The chief characteristic of the reaction of the trimethylneomenthylammonium ion with 
hydroxide ion in water at 153° was the relative prominence of a first-order process, which 
accounted for a substantial part of the reaction even in strongly alkaline conditions. We 
could observe the first-order process in the absence of the second-order by leaving out the 
alkali, but we could never follow the second-order process without some concurrent first- 
order reaction. However, having measured the first-order rate constant, we could extract 
the second-order rate constant from the mixed kinetics.5 No disturbance arose from any 
reaction of formed trimethylamine. The second-order reaction probably had a somewhat 
small negative salt effect, but we could not obtain a reliable estimate of it from the mixed- 
order kinetics. 

Both the first- and second-order reactions proved to be eliminations without concurrent 
substitution: and the menthenes, quantitatively formed in the first-order reaction, and in 
mixed-order reactions rich in their second-order component, were analysed. The first- 
order reaction gave 2% of menth-2-ene. From the olefin compositions given by the 
mixed-order reactions, and the first- and second-order rate constants, it could be computed 
that a pure second-order reaction would give 12% of menth-2-ene. 

Unlike its reaction with hydroxide ion in water, the reaction of the trimethylneomethyl- 
ammonium ion with ethoxide ion in ethanol at 65—80° was found to be a kinetically single 
process. It was of second-order, but was subject to a considerable negative salt effect. 
It was not an exclusive elimination, but gave about 70% of menthenes. This menthene 
mixture contained 35% of menth-2-ene. The figures illustrating the various descriptions 
just given are in Table 2. 

The first theoretical point to be considered is what the kinetic orders mean in terms of 
mechanism. The fact that the menthyl cation experiences complete release from the 
stereospecific restriction to produce only menth-2-ene, when second-order kinetics give 
place to first-order, and that, after such release, the Saytzeff rule is followed, constitutes a 
clear demonstration that first-order kinetics signalise the unimolecular mechanism, and not 
a bimolecular reaction with a solvent molecule. If this is true for the menthy] cation, it 
must be true a fortiori for the neomenthy] cation, for which the general tendency to first- 
order reaction is much greater. Then, second-order kinetics must signalise the bimolecular 


5 Hughes, Ingold, and Shapiro, J., 1936, 231. 
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mechanism, and not the unestablished but often discussed mechanism of prior proton 
extraction to give primarily a carbanion. For the second-order reactions of the menthyl 
cation, this follows from the completeness of the bimolecular stereospecific restriction. It 
then follows a fortiort for the neomenthyl cation, because, for both cations, and for the 
latter especially, we observe a coexistence of the second-order process with what we have 


TABLE 2. Rate constants (k, in sec.1, and kg in sec.+ mole 1.) and product compositions in 
the first-order reactions of menthyltrimethyl- and trimethylneomenthyl-ammonium tons in 
water, and in their second-order reactions with hydroxide ions in water, and with ethoxide 
ions tn ethanol. 

Temp. Rates and ionic strengths Ist Order 2nd Order 
HK A ahi 





“105R, (u) 105%, (u) +‘ Elim. (%) 2-ene(%) Elim. (%) 2ene(%)  [B-] 
Menthyl-NMe,* + OH™ in H,O 
0-011 (0-12) «1-65 (0-24) yo me 
0-093(,,) 95 (.) ~70 32 
Menthyl-NMe,* + OEt- in EtOH 


~70 100 
—- 100 


(—} 
_ 
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reaction 


Llib delle 
bi114 81181 
[—) 

S 
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Neomenthyl-NMe,* + OH™- in H,O 
6-2 (0-24) 61-0 (0-24) 100 1-9 


yh 
te 


| $s 
8 & 


Neomenthyl-NMe,* + OEt~ in EtOH 
60-5 (0-05) 
48-9 (0-075) 
No 5-7 (0-10) t No 

reaction 14- 3 reaction 
39- ” ) 
65- “i 
31-6 (0-14) 
* Not pure second-order kinetics. 
+ Extrapolated to pure second-order kinetics. 


llel | 
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decided is the unimolecular mechanism, and the carbanion mechanism could not coexist 
with the unimolecular mechanism, with exclusion of the bimolecular mechanism, since the 
carbanion and unimolecular mechanisms differ in opposite directions from the bimolecular 
mechanism (cf. Part XX, Section 9, p. 4066): coexistence means that the second-order 


TABLE 3. Olefin isomer ratios in unimolecular and bimolecular eliminations from 
menthyltrimethyl- and trimethylneomenthyl-ammonium tons. 


Olefin isomers (%) 
ae 





Elimination Reagent and Menthyl reaction Neomenthyl reaction 
mechanism solvent Menth-2-ene Menth-3-ene Menth-2-ene Menth-3-ene 
El H,O 68 2 98 
E2 OH- in H,O 0 12 88 
o OEt- in EtOH , 0 35 65 


process is bimolecular. In Table 3 we translate our observed kinetics according to these 
theoretical principles, and show olefin isomer-ratios as functions of substrate and 
mechanism. 
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There is nothing qualitatively anomalous about the results given by the menthyl- 
ammonium ion. Its El reaction follows the Saytzeff rule, as unimolecular eliminations 
should, and its E2 reactions obey the Hofmann rule, as bimolecular eliminations should, 
though the latter result has no polar significance, because the bimolecular reactions are 
going in the only direction stereochemically open to them. 

The results given by the neomenthylammonium ion have the striking feature that, not 
only the El reaction, but also the E2 reactions follow the Saytzeff rule. The anomaly, 
which originally appeared in Hiickel, Tappe, and Legutke’s exhaustive methylation of 
neomenthylamine, supposing that one accepted their assignment of an E2 mechanism to 
this reaction, is therefore real; and it is not a sufficient explanation of it to suggest that a 
considerable proportion of the £1 reaction may have been present in their conditions, 
because we see here that pure E2 reactions of the neomenthyl cation also follow the 
Saytzeff rule. 

We suppose that this is an effect of non-synchronous timing of concerted E2 bond 
changes, but of a timing-difference on the opposite side of simultaneity to that of the case 
considered in the preceding paper. There it was suggested that, because of a special 
factor of acidity in the system, the E2 mechanism deviated from simultaneity in the 
direction of the timing of the uncoupled bond-changes of the ElcB mechanism, i.e., by 
advancement of the proton loosening. Here we suggest that, perhaps because of steric 
pressures in the axial conformation of the C-N* bond, which is the conformation needed 
for E2 elimination, the main lability in the system resides in that bond. We know that 
the E2 mechanism goes over very easily into the E1 mechanism in the neomenthy] elimin- 
ations, and it is reasonable to suppose that, even before the two bond-breaking processes 
become thus uncoupled, they will lose simultaneity in the direction of the uncoupled 
timing of the E1 mechanism, 1.e., loosening of the C-N* bond will gain advancement over 
the proton detachment. The result will be to produce some development of carbonium- 
ion character in the E2 transition state, which will bring in the electromeric effect, and 
therefore orientation according to the Saytzeff rule. 

One other feature of Table 3 deserves comment. Since menthyl- and neomenthyl- 
ammonium ions should produce the same carbonium ion, one might have expected their E1 
eliminations to give menthene isomers in an identical ratio. However, the trimethyl- 
menthylammonium ion gives much the more menth-2-ene, though, consistently with the 
Saytzeff rule, that is still the minor product. If we assume that, probably for reasons 
connected with hyperconjugation, the labile bonds of the cyclohexane structure are the 


Menthyl-NMe,t Neomenthyl-NMe,* 
3 


(II) 


axial bonds, even in unimolecular reactions, then the menthyltrimethylammonium ion, 
losing an axial trimethylamine residue, will produce its carbonium ion in the unstable 
conformation (I), which will subsequently pass into the stable conformation (II). On the 
other hand, the trimethylneomenthylammonium ion will produce the stable conformation 
(II) directly. Again, if an axial situation confers lability on protons in carbonium ions, 
then any proton loss from (I), prior to jts conversion into (II), must lead to a higher 
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proportion of menth-2-ene in £1 elimination from the menthyltrimethylammonium ion, 
than would be formed by way of (II), directly produced without the intervention of (I), 
in El elimination from the trimethylneomenthylammonium ion; for (I) contains an axial 
2-proton but not an axial 4-proton, whereas (II) contains both, whilst polar orientation 
favours loss of the 4-proton. 


EXPERIMENTAL 


Materials.—(—)-Menthyltrimethylammonium iodide, prepared from (—)-menthylamine, had 
m. p. 190—191°, [a],"> —44-9° (c 45 in H,O) (Found: C, 48-1; H, 87; I, 38-7. Calc. 
for CysHygIN: C, 48-0; H, 8-7; I, 39-0%), and the nitrate had m. p. 151—152°, [a),*® —51-1° 
(c 4-4 in H,O) (Found: C, 60-0; H, 11-0; N, 10-7. C,3H,,N,O, requires C, 59-9; H, 10-8; N, 
108%). (—)-Trimethylneomenthylammonium iodide, prepared from (+)-neomenthylamine, 
had m. p. 160—161°, [a],,2° —19-9° (c 3-5 in H,O) (Found: C, 48-0; H, 8-7; I, 38-8%), and the 
nitrate had m. p. 114—115°, [aJ,,2° —25-1° (c 4-3 in H,O) (Found: C, 59-9; H, 10-8; N, 10-6%). 

Kinetics in Water.—These reactions were run in batches of 12—16 silver tubes, each charged, 
by an automatic pipette, with 5-4 ml. of the reaction solution, made from standardised solutions 
of the quaternary ammonium hydroxide, alone, or with added sodium hydroxide, nitric acid, 
sodium nitrate, or water. The open ends of the tubes were nipped in a vice and welded, and, 
after reaction, the quenched tubes were opened by sawing off the seals. A pair of tubes, first 
withdrawn from the thermostat bath after sufficient time for the attainment of its temperature, 
marked the time-zero and gave the composition thereat. Analyses were performed by carrying 
off the products from the basic (if necessary basified) reaction solution in a stream of nitrogen 
at 70° for 30 min., and then titrating the non-volatile base with hydrochloric acid to Bromocresol 
Green—Methyl Red. Corrections to concentration were applied for the volume change 
between the temperature at which the reaction solutions were made up and the temperature of 
the reaction. 

The first-order decompositions of both the menthyltrimethyl- and trimethylneomenthyl- 
ammonium ions conformed so exactly to the first-order rate-law that they need not be 
numerically exemplified. 

In the second-order reaction of menthyltrimethylammonium hydroxide, calculated second- 
order rate constants fell off at various stages, after about 35% of reaction when hydroxide ion 
was not in any excess over menthyltrimethylammonium ion, and at later periods when the 
hydroxide ion was in excess. This was due to the conversion of first-formed trimethylamine 
into tetramethylammonium hydroxide, which decomposed more slowly than the menthyltri- 
methylammonium hydroxide it replaced. This kinetic effect is illustrated in Table 4. The 
chemical explanation of it rests on the isolation of a tetramethylammonium salt from a reaction 
sample run for long enough to allow one to be formed. After the tertiary amines had been 
removed as usual, the solution was neutralised with hydrochloric acid and evaporated: tetra- 
methylammonium chloride crystallised. It was identified by its physical properties, chlorine 
content (Found: Cl, 32-4. Calc. for CgH,,CIN: Cl, 32-4%), and the rate of decomposition of 
the corresponding hydroxide, for which the rate constant at 172-8° in water, k, = 1:17 x 10° 
sec.+ mole™ ]., was found, an authentic sample of tetramethylammonium chloride having given 
hydroxide with the decomposition rate k, = 1-22 x 10° sec.“1 mole™ 1. in the same conditions. 

The. decompositions of trimethylneomenthylammonium hydroxide were all mixed-order 
reactions, so that calculated second-order rate constants rose and first-order constants fell, 
as illustrated in Table 5. The second-order rate constant in Table 2 is taken, with greater 
accuracy, from runs in which the concentration of hydroxide ion was higher, and the drift in the 
calculated second-order constant was smaller, than is now illustrated. Correction of these 
apparent second-order constants for the concurrent first-order reaction was effected by Hughes, 
Ingold, and Shapiro’s method.5 

Kinetics in Ethanol.—Pyrex tubes were used. They were charged each with 5-4 ml. of the 
solution prepared by adding a known weight of the quaternary ammonium nitrate to a known 
volume of standard ethanolic*potassium ethoxide, and filtering off the precipitated potassium 
nitrate in a sintered-glass crucible, the filtrate being analysed by titration with acid to check 
any change of concentration. The rest of the procedure was as for the kinetics in water, except 
that the contents of an opened tube were added to 35 ml. of water, before removal of volatile 
materials in nitrogen at 70°. 
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TABLE 4. (Run 6) Decomposition of menthyltrimethylammonium hydroxide in water at 
172-8°. (ky in sec.+ mole* 1.) 
(Initially, [R‘NMe,*] = [OH-] = 0-1177m, and [Nat] = [NO,~] = 0-120m.) 
2-0 3-5 5-5 7-75 12-0 23-75 30-75 49-5 120-0 


(hr.) ; 
OH~ reacted (%)... “ 84 13-4 19-8 25-3 35-8 48-1 52-9 60-2 72-0 
OF, 1- 1-08 1-05 1-06 1-03 1-00 0-92 0-86 0-72 ~— 


TABLE 5. (Run 21) Decomposition of trimethylneomenthylammonium hydroxide in water 
at 152-8°. (Apparent constants, k,* in sec.1, and k,* in sec. mole* 1.) 
(Initially, [R-NMe,*+] = [OH-] = 0-1001.) 

( ) 30 45 60 80 100 120 150 180 210 
OH~ reacted (%)... 11-9 21-5 19-6 36-6 44-5 51-4 56-7 63-3 68-5 72-5 
05k," 150 152 156 160 167 176 182 192 201 214 

14-1 13-5 13-0 12-7 12-3 12-0 11-6 11-2 10-7 10-1 


TABLE 6. (Run 30) Decomposition of menthyltrimethylammonium ethoxide tn ethanol 
at 100-2° (k, in sec.+ mole* 1.). 
(Initially, [R-NMe,*] = [OEt~] = 0-0967M.) 
15 30 60 90 120 180 240 360 
OEt= reacted (%) 6-8 12-9 23-0 32-2 39-6 51-3 59-2 71-8 
0*R 85-4 85-7 91-1 94-0 101 104 121 


TABLE 7. (Run 47) Decomposition of trimethylneomenthylammonium ethoxide in ethanol 
at 80-0° (k, in sec. mole* 1.). 


(Initially, [R-NMe,*] = 0-0529, [OEt-] = 0-0992, [K*] = 0-0463m.) 

) 30 60 90 120 150 180 240 360 
R-NMe,* reacted (%) 6-9 13-1 18-5 23-5 28-5 32-7 41-1 53-7 
hk 40-3 40-7 40-3 41-0 40-8 40-9 42-2 43-2 


There were no appreciable first-order reactions at our temperatures. The second-order 


reactions showed negative salt effects, both by the regular variation from run to run of initial 
second-order rate constants with initial ionic strength, and by the rise within runs of the second- 
order constants as ions became consumed. These upward drifts were naturally greater when 
the interacting ions were in equivalence than when one was in excess, as is illustrated by the 
examples in Tables 6 and 7. 

Proportions of Olefin.—Pairs of tubes were simultaneously taken from the thermostat bath, 
one for determination of the total reaction by disappearance of alkali as already described, and 
the other for determination of olefinic product by hydrogenation with hydrogen and a 
platinum catalyst, after addition of the sample to excess of acetic acid. Table 8 shows an 
example of this type of determination. 


TABLE 8. (Run 40) Decomposition of menthyltrimethylammonium ethoxide in ethanol at 
100-2°. Proportion in which reaction yields olefin. 
(Initially, [R-NMe,*] = [OEt~] = 0-0956m. Alkali concentrations in ml. of 0-02834N-HC1 per 
5-00 ml. sample. H,-uptake in ml. at N.T.P. per 5-00 ml. sample.) 


4 6 8 30 48 
7-75 5-68 4-15 1-05 0-10 
0-96 1-24 1-54 1-67 1-65 
14 15 17 15 14 
Mean: 15% 


Olefin Isomer Ratios.—The reaction solutions were heated in silver or Pyrex vessels for 10 
half-lives under the conditions of the kinetic runs, except that larger volumes, 150—500 ml., 
were now employed. The amines produced were retained in acid while the menthenes were 
extracted with ether. Menthyldimethylamine, subsequently isolated, had n,* 1-4558, a,” 
—51-0° (1 1 dm.) (Found: C, 78-8; H, 13-8; N, 7-6. Calc. for C,,H,,N: C, 78-6; H, 13-8; N, 
7-6%), and gave a methiodide of the correct m. p. and optical rotation. Similarly isolated, 
dimethylneomenthylamine had n,,* 1-4610 and «,*° +50-9° (i 1 dm.). The menthenes were 
collected between 47° and 56° according to the pressure (8—14 mm.). They were analysed by 
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Hiickel, Tappe, and Legutke’s method. After measurement of their optical rotation, they 
were refluxed for 6 hr. with 2 vols. of ethanolic toluene-p-sulphonic acid (5 g. of the mono- 
hydrate of the acid in 17 ml. of ethanol). The menthenes were then recovered by extraction 
with ether from the basified solution, and their optical rotation was again determined. Pure 
menth-2-ene has a, + 108° (1 1 dm.). When this rotation was observed, the treatment with 
toluene-p-sulphonic acid made no difference to it. When a lower rotation was found originally, 
it became lower still after the heating with toluene-p-sulphonic acid, and the residual rotation, 
reckoned as a fraction of 108°, gave the proportion of menth-2-ene in the mixture of isomers. 
From the losses of rotation under the acid treatment we could compute the rotation of the 
first-formed menth-3-ene, and so deduce that, when this was produced in unimolecular reactions, 
from the ‘onium ions, it appeared in a partly racemised condition. The largest computed 
rotations of first-formed menth-3-ene were obtained in the essentially bimolecular reactions, 
and the consistency of the figures allowed us to conclude that bimolecular reactions produce 
this olefin in an unracemised state, with a rotation en” +85-3°. Some examples of these 
analyses follow. 

(No. 1) Initially, menthyltrimethylammonium ion 0-64m, and hydroxide ion 2-53M, were 
present in water at 172-8°. The menthenes (yield 61%) had m,* 1-4458, «,?° + 107-9°, and, 
after acid-treatment, «,”° + 108-0° (1 1 dm.); and, on hydrogenation, 0-1066 g. took up 17-2 ml. 
at N.T.P. of H, (calc. 17-3 m1.). 

(No. 3) Initially, menthyltrimethylammonium ion 0-46m was present in neutral solution in 
water at 172-8°. The isolated menthenes (yield 67%) had «a, +52-5°, falling after acid- 
treatment to +34-1° (J 1 dm.). 

(No. 6) Initially, trimethylneomenthylammonium ion 0-059M, and hydroxide ion 1-36m, were 
present in water at 152-8°. The menthenes (yield 98%) had a, + 87-6° (7 1 dm.), and 0-2000 g. 
took up 32-5 ml. of H, at N.T.P. (calc. 32-4 ml.); after treatment with acid, a,*° was 11-2°, and 
0-2012 g. took up 32-4 ml. of H, at N.T.P. (calc. 32-6 ml.). 

(No. 9) Initially, trimethylneomenthylammonium ion 0-100m, and ethoxide ion 0-100m, 
were present in ethanol at 83-5°. The menthenes (yield 68%) had «,*° 95-6°, reduced by acid 
treatment to «,®° +42-6° (11 dm.). Of the latter material, 0-1009 g. took up 15-8 ml. of H, at 
N.T.P. (calc. 16-4 ml.). In the calculations a correction is applied for the 4% of saturated 
hydrocarbon, which may have come from a trace of paraffin caught up in the potassium used. 


Witittam RAMSAY AND RALPH ForSTER LABORATORIES, 
UNIVERSITY COLLEGE, GOWER St., Lonpon, W.C.1. (Received, March 21st, 1960.) 





802. Quinolizines. Part IV. The Synthesis of 1-Amino- 
quinolizinium Salts. 


By A. R. Cotticutr and GurNos JONEs. 


Aromatisation of the oxime (II) by hot acetic anhydride in the presence 
of hydrogen chloride or of sulphuric acid gives l-acetamidoquinolizinium 
salts (IV), hydrolysed by hot mineral acid to 1-aminoquinolizinium salts (V). 
The properties of the 1-amino-compounds (V) are reported. 


WE have previously described 12 the synthesis of alkyl- and of aryl-quinolizinium salts, 
and a number of other methods are available for the preparation of such compounds.® 
The only simple quinolizinium compounds containing potentially reactive substituents 
which have been reported are the 4-quinolizone,“ some hydroxy- ® and methoxycarbonyl- 
4-quinolizones,“° and the various polycarboxylic acids described by Diels, Alder et al.4 


1 Part III, Glover and Jones, J., 1959, 1686. 

* Glover and Jones, J., 1958, 3021. 
_ * Boekelheide and Gall, J. Amer. Chem. Soc., 1954, 76, 1832; Richards and Stevens, J., 1958, 3067; 
Nesmeyanov and Rybinskaia, Doklady Akad. Nauk S.S.S.R., 1957, 116, 93. 

__* (a) Boekelheide and Lodge, J. Amer. Chem. Soc., 1951, 78, 3681; (b) Adams and Reifschneider, 
ibid., 1959, 81, 2537; (c) Bohlmann, Ottawa, and Keller, Annalen, 1954, 587, 162; (d) Diels, Alder, 
re Klare, Winkler, and Schrum, ibid., 1933, 505, 103. 
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As part of a general study of simple quinolizinium compounds we have synthesised }. 
aminoquinolizinium salts (V) and report below the synthesis and some of the properties 
of this amine. 

The ketone bromide ® (I) with hydroxylamine in hot absolute ethanol gave a colourless 
crystalline solid of sharp and reproducible melting point. Analytical figures for this 
material were, however, intermediate between those expected for the oxime chloride (I; 
X = Cl) and the oxime bromide (II; X = Br) and it was assumed to be a mixed crystal, 
This was confirmed by its conversion into the pure chloride (II; X = Cl) or pure bromide 
(Il; X = Br) by passage through anion-exchange columns, and when all three materials 
were converted into the same picrate (II; X = picrate). Another such mixed crystal 
has been observed in this work [compound (IV)). 


N-OH N:-OAc NHAc 
ZO oO oO oO S 
+ ~ N’ N* & N° » 
Br x~ 
(I) (II) (IIT) (IV) 
NH, . Ne OH 
Ca S S 
i+ ty 
WN g N SUN. 
x" 
(V) (V1) (VII) 


It has been reported ®-° that «-tetralone oxime is converted by acetic anhydride into 
the O-acetyl oxime, which undergoes Wolff aromatisation when heated with dry hydrogen 
chloride in a mixture of acetic acid and anhydride: the products are «-naphthylamine 
hydrochloride and N-acetyl-«-naphthylamine, the yield of acetyl derivative being greater 
as larger proportions of acetic anhydride are used. Similar reactions with the oxime (II) 
should give l-aminoquinolizinium derivatives. Hot acetic anhydride gave the expected 
O-acetyl derivative (III; X = Br) but its isolation and purification were difficult and the 
yield was low. The O-acetyl oxime bromide (III; X = Br) was converted into the 
chloride (III; X = Cl) by anionic exchange and this was heated in solution in acetic 
anhydride while a stream of dry hydrogen chloride was passed through the solution. The 
product was l-acetamidoquinolizinium chloride (IV; X= Cl); the evidence for this 
formulation is presented below. The over-all yield was much better if the oxime bromide 
(II; X = Br) was boiled for 4 hr. with acetic anhydride containing a drop of sulphuric 
acid; isolation of the O-acety] oxime (III) was then unnecessary. 

Catalytic hydrogenation of 1-acetamidoquinolizinium bromide (IV; X = Br) gave an 
oily decahydro-base which failed to give a crystalline derivative but showed infrared 
absorption at 1690 cm. (amide-CO). The base was hydrolysed by hot concentrated 
hydrochloric acid to 1-aminoquinolizidine (VI), characterized as its dipicrate. The same 
dipicrate was obtained after hydrogenation of the oxime (II), again with absorption of 
five mol. of hydrogen. Hydrolysis of 1-acetamidoquinolizinium bromide (IV; X = Br) 
with hot concentrated hydrobromic acid gave 1l-aminoquinolizinium hydrobromide (V; 
X = Br, as hydrobromide) but this proved too unstable for analysis. The amine gave a 
monopicrate (V; X = picrate) which was converted into a monoperchlorate (V; X = Cl0,) 
by anion-exchange; the instability of the hydrobromide and the formation of such mono- 
acid salts indicates the low basicity of the amino-group in the 1-position of the quinolizinium 
nucleus. This was confirmed by determination of the ultraviolet absorption of the amine 
(V) over a range of pH values. Practically no change in the spectrum was noticeable 

5 Glover and Jones, J., 1958, 1750. 


* (a) Schroeter, Gotsky, Huang, Irmisch, Laves, Schrader, and Stier, Ber., 1930, 68, 1308; (0), 
Voroshtzov and Koptyug, Khim. Nauka i Prom., 1957, 2, 657. 
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from pH 10 to pH 1, the major long-wave maximum being at 3610 A. In 2n-sulphuric 
acid the appearance of a new maximum at 3280 A was noted although the 3610 A maximum 
was still present with reduced intensity, and in 50% sulphuric acid only the 3280 A maxi- 
mum was present. This change in absorption must be associated with protonation of the 
l-amino-group (cf. «-naphthylamine’ where the long-wave maximum is at 3073 A and 
x-naphthylamine hydrochloride where it is at 2732 A). From these observations the 
l-aminoquinolizinium salts are certainly less basic on the l-amino-group than #-nitro- 
aniline (pK; of 1-2 *) and are probably as weak as 2,4-dinitroaniline. 1-Aminoquinolizinium 
perchlorate (V; X = ClO,) with boiling acetic anhydride gave a moderate yield of a 
l-acetamidoquinolizinium salt, isolated as the picrate (IV; X = picrate); attempts to 
acetylate the amine under milder conditions were unsuccessful. 

The reaction between the l-aminoquinolizinium chloride (V; X = CJ) and nitrous acid 
was studied under various conditions. Treatment of the amine chloride in very dilute 
acid solution with cold aqueous sodium nitrite gave a neutral compound (A), C,H,N,O; 
its structure is discussed below. Treatment of the chloride in concentrated hydrochloric 
or hydrobromic acids with sodium nitrite gave no diazonium compound (no colour with 
alkaline 8-naphthol), and no 1-hydroxyquinolizinium salt could be isolated. Treating a 
solution of the chloride (V; X = Cl) in acetic-sulphuric acid with nitrosylsulphuric acid 
gave a diazonium compound (the solution gave a deep red colour with alkaline 6-naphthol) 
but no 1-hydroxyquinolizinium salt could be isolated. Finally, diazotisation of the 1- 
aminoquinolizinium chloride hydrochloride (V; X = Cl, as hydrochloride) was achieved 
by the use of pentyl nitrite in ethanol; 1-hydroxyquinolizinium picrate (VII) was isolated 
after the mixture had been diluted and heated. The picrate (VII) showed no depression 
in a mixed melting point with a sample obtained ® by dehydrogenation of the ketone (I). 

The compound (A), C,H,N,O, must be substituted in the 2-position of the quinolizinium 
nucleus, as it is a neutral molecule and not a salt. Formulation as a diazo-oxide (e.g., 
VIII) is thus ruled out since all such structures carry a forma] positive charge (also the 
diazo-oxides are highly coloured, whereas compound A is colourless). The most likely 
structure is of the furazan type (IX), presumably formed by nitrosation of the 1-amino- 
quinolizinium salt at position 2, with subsequent oxidative cyclisation. Hydrogenation 


*N=N HN — 9 
WNo AY # Ray, “ gor. a girth, 
+ + i 
CH, = CH, * CH,°OEt 
(VIII) (LX) (X) Br (XI) Br- (XII) 


of compound (A) led to the absorption of 2 mol. of hydrogen only, but no pure product 
was obtained. Compound (A) was very unstable to acids but no products of this reaction 
could be isolated; the crude product after acid hydrolysis gave no ferric chloride colour 
and no crystalline picrate, and failed to give a copper complex. Furazans are reported 
to give isoxazoles on treatment with acid but the yields are mostly poor and mixtures are 
usually obtained. The difficulty of obtaining compound (A) in quantity has precluded a 
more detailed study. 

During the first experiments with the acetic anhydride-sulphuric acid and the oxime 
(II; X = Br), a compound (B) crystallised from the solution on cooling, and was found 
to be an isomer of the oxime. It was assumed to be the product of Beckmann rearrange- 
ment and it is therefore (X) or (XI); an attempt to synthesise the lactam (X) by cyclisation 
of the amide (XII) failed, the amide link being hydrolysed. 

? Rollett, Monatsh., 1937, 70, 425. 

* Farmer and Warth, J., 1904, 85, 1726. 


® Glover, Ph.D. Thesis, Keele, 1959. 
‘© Cusmano and Giambrone, Gazzetta, 1951, 81, 499. 
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EXPERIMENTAL 


M. p.s were determined on a Kofler block. 

1,2,3,4-Tetvahydvo-1-hydroxyiminoquinolizium Salts (I1).—Hot solutions of sodium acetate 
(3 g.) and hydroxylamine hydrochloride (3 g.) in absolute ethanol were mixed, cooled, and 
filtered from sodium chloride. The filtrate was boiled with the ketone bromide (I) (3 g) 
for 0-5 hr. Concentration, followed by cooling, gave crystals which from absolute ethano] 
formed prisms, m. p. 254° (2-8 g.) (Found: C, 47-6; H, 5-3. Calc. for C,H,,BrN,O: C, 44-5: 
H, 4-6. Calc. for CjH,,CIN,O: C, 544; H, 56%). A solution of this material in 95% 
ethanol was percolated through a chloride-loaded column of Amberlite IRA-400, giving the 
oxime chloride (II; X=Cl), crystallising from absolute ethanol as prisms, m. p. 260° 
(Found: C, 54:3; H, 56%). Percolation through a bromide-loaded column gave the oxime 
bromide (Il; X = Br), prisms (from absolute ethanol), m. p. 258° (Found: C, 44-6; H, 4:5%), 
Amax, 2460, 2970 A (logy, ¢ 3°86, 4-13 in H,O). Aqueous solutions of all three oxime salts gave, 
with aqueous sodium picrate, the picrate (Il; X = picrate), recrystallising from 95% ethanol 
as orange-brown prisms, m. p. 247—249° (Found: C, 46-0; H, 3-4. (C,;H,,;N;O, requires 
C, 46-1; H, 3-35%). 

1-A cetoxyimino-1,2,3,4-tetrahydroquinolizinium Bromide (III; X = Br).—The oxime bromide 
(II; X = Br) (0-48 g.) in acetic anhydride (50 ml.) was boiled for 4 hr. The anhydride was 
removed under reduced pressure, and the residue was twice evaporated to dryness under 
reduced pressure with 10 ml. portions of absolute ethanol. The residue was dissolved in 
absolute ethanol, treated with charcoal, filtered, and then treated with ethyl acetate. The 
precipitated O-acetyl oxime bromide (III; X = Br) recrystallised from ethanol-ethyl acetate 
as prisms, m. p. 228° (0-24 e 43%) (Found: C, 46-3; H, 4-8. C,,H,,BrN,O, requires C, 46:5; 
H, 46%), Amax. 2620, 3310 A (logy ¢ 3-73, 3-92 in H,O). 

1-Acetamidoquinolizinium Salts (IV).—(a) A slow, stream of dry hydrogen chloride was 
passed through a solution of the O-acetyl oxime bromide (III; X = Br) (1-4 g.) in acetic acid 
(9 ml.) and acetic anhydride (72 ml.) at 95° for 2-5 hr. The solvents were removed under 
reduced pressure, and the residue was percolated in 95% ethanol through a chloride-loaded 
Amberlite IRA-400 column, giving l-acetamidoquinolizinium chloride (IV ; X =Cl), recrystallising 
from absolute ethanol (charcoal) as prisms m. p. 292° (0-20 g., 18%) (Found: C, 59-2; H, 5-0. 
C,,H,,CIN,O requires C, 59-3; H, 5-0%), Amax. 3280 A (logy, ¢ 4-04 in H,O). The picrate (IV; 
X = picrate) crystallised from 95% ethanol as orange-brown prisms, m. p. 194° (Found: 
C, 49-3; H, 3-5. C,,H,,N,O, requires C, 49-2; H, 3-1%). 

(b) The oxime bromide (II; X = Br) (1 g.) in acetic anhydride (110 ml.) and concentrated 
sulphuric acid (5 drops) was boiled for 4 hr. Evaporation under reduced pressure and treat- 
ment of the residue with absolute ethanol and ethyl acetate gave 1l-acetamidoquinolizinium 
bromide (IV; X = Br), prisms (from absolute ethanol), m. p. 269° (0-47 g., 43%) (Found: 
C, 49-75; H, 4:0; N, 10-65. C,,H,,BrN,O requires C, 49-45; H, 4-15; N, 10-5%), Amax, 3280 A 
(logy) ¢ 3-99 in H,O). The chloride and the bromide gave the same picrate, m. p. 194°. 

(c) The oxime bromide (II; X = Br) (0-5 g.) in acetic anhydride (55 ml.) containing 2 drops 
of concentrated sulphuric acid was boiled for 1 hr., then cooled. A small quantity of solid 
was obtained: it recrystallised from 95% ethanol, to give the bicyclic amide (X or XI), m. p. 
204° (Found: C, 44-5; H, 4-1; N, 11-85. C,H,,N,OBr requires C, 44-6; H, 4-5; N, 11-5%), 
Amax. 2370, 2900 A (in 95% EtOH). 

1-Aminoquinolizidine (V1).—(a) 1-Acetamidoquinolizinium chloride (IV; X = Cl) (0-113 g.) 
in glacial acetic acid (25 ml.) was hydrogenated to completion over Adams platinum oxide 
at 752 mm. and 18° (uptake 60-92 ml. (5H,; 61-81 ml.). Thesolution was filtered, then evaporated 
to dryness, and the residue was boiled with concentrated hydrochloric acid for 1 hr. Evapor- 
ation of the acid solution gave the amine dihydrochloride, which was converted into 1-amino- 
quinolizidine dipicrate, golden prisms (from methanol), m. p. 244° (Found: C, 41-5; H, 3°8. 
C.,H.,N,O,, requires C, 41-2; H, 3-95%). 

(b) A solution of 1,2,3,4-tetrahydro-l-hydroxyiminoquinolizinium bromide (II; X = Br) 
(0-228 g.) in 95% ethanol (30 ml.) was hydrogenated to completion over Adams platinum oxide 
at 764-3 mm. and 18° (uptake 106-1 ml.; 5H,; 105-0 ml.). Filtration and evaporation gave a 
residue from which a picrate was prepared, having m. p. 240° not depressed on admixture 
with the picrate prepared by method (a). 
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1-Aminoquinolizinium Salts (V).—1-Acetamidoquinolizinium bromide (IV; X = Br) (0-2 g.) 
in 48% hydrobromic acid (25 ml.) was boiled for 2 hr. The acid was removed under reduced 
pressure, the residue dissolved successively in water and in ethanol, the solvent being removed 
in each case under reduced pressure, and finally crystallised from absolute ethanol-ethyl 
acetate, giving the amine bromide hydrobromide as prisms, melting with decomposition between 
240° and 248°. Samples for analysis were dried for 8 hr. at 20°/0-5 mm. since the salt de- 
composed at higher temperatures (Found: C, 36-2; H, 3-5; N, 9-0; Br, 51-1. Calc. for 
C,HyBraN,: C, 35-25; H, 3-3; N, 9-2; Br, 52:2%). This salt had Amsx. 2560, 3610 A (loge 
¢ 385, 3-93 in H,O), Amax. 2780, 2850, 3280 A (logy, ¢ 3-57, 3-57, 4-20 in 50% H,SO,). The 
picrate (V; X = picrate) crystallised from 95% ethanol as orange-brown prisms, m. p. 204° 
(Found: C, 48-4; H, 2-7. C,sH,,N,O, requires C, 48-3; H, 30%). The perchlorate (V; 
X = ClO,), prepared from the picrate by anionic exchange, crystallised from absolute ethanol 
as pale yellow rhombs, m. p. 283° (Found: C, 44:8; H, 4:0; N, 11-3. C,H,CIN,O, requires 
C, 44-2; H, 3:7; N, 11-56%), Amex, 3620 A (log, ¢ 3-94 in H,O). 

Acetylation of 1-Aminoquinolizinium Perchlorate—A solution of the perchlorate (V; X= 
C1O,) (0-25 g.) in acetic anhydride (25 ml.) was boiled for 1 hr. Removal of the solvent, dilution 
with water, and further evaporation gave a sticky solid, converted into l-acetamidoquinolizinium 
picrate, m. p. and mixed m. p. 194°. Acetic anhydride and aqueous sodium acetate at room 
temperature did not effect acetylation. 

Reaction between 1-Aminoquinolizinium Salts and Nitrous Acid.—In all experiments the 
l-acetamidoquinolizinium chloride (IV; X = Cl) was hydrolysed by hot concentrated hydro- 
chloric acid for 1 hr.; the acid was removed under reduced pressure, and the residual hydro- 
chloride was freed from excess of acid by evaporation with ethanol. 

(a) The crude hydrochloride [from 0-396 g. of the amide (II; X = Cl)] was dissolved in 
2n-hydrochloric acid (3 ml.) at —8° and treated with an excess of aqueous sodium nitrite. A 
solid precipitate was formed, which crystallised from water as flakes, m. p. 180° (0-263 g., 
85%) (Found: C, 61-9; H, 3-7; N, 24-8. C,H,N,O requires C, 62:3; H, 4:1; N, 243%), 
Amax. 3450 A (logy) ¢ 4:25 in H,O). The substance is very soluble in acetone; soluble in hot 
ethanol, benzene, and water, but almost insoluble in the cold, and insoluble in ether; it gives 
it gives no colour with ferric chloride and no picrate. 

(b) To a solution of the crude hydrochloride (0-16 g.) in 95% ethanol containing one drop 
of concentrated hydrochloric acid at 0° was added a slight excess of pentyl nitrite. A few drops 
of the resulting solution, added to alkaline $-naphthol, gave a deep red colour and a purple 
precipitate. The bulk of the ethanol was removed, 5N-hydrochloric acid (10 ml.) was added, 
and the mixture heated for 1 hr., after which the acid was removed under reduced pressure. 
A sample of the aqueous solution from the residual solid gave an intense green colour with 
neutral ferric chloride solution; 1-hydroxyquinolizinium picrate was obtained by treatment of 
the aqueous solution with aqueous sodium picrate and crystallised from water as orange prisms, 
m. p. 210—214° (decomp.) (Found: C, 47-2; H, 2-7; N, 15-25. C,,;H,N,O, requires C, 48-0; 
H, 2-95; N, 149%). A mixed m. p. with l-hydroxyquinolizinium picrate obtained *® by 
dehydrogenation of the ketone (I) showed no depression. 
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803. Flavan Derivatives. Part III. Melacacidin and 
Isomelacacidin from Acacia Species. 


By J. W. CLarK-Lewis and P. I. Mortimer. 


A new leucoanthocyanidin, isomelacacidin, has been found with its 
4-epimer, melacacidin, in the heartwood of three species of Acacia. Extrac- 
tion and separation of the epimers is described, and melacacidin obtained pure 
and crystalline. Isomelacacidin behaves as a reactive p-hydroxybenzyl 
alcohol and readily forms an ethyl ether by reaction with ethanol, and 
this distinction from melacacidin facilitates its separation therefrom. The 
comparative inertness of melacacidin is attributed to an unexpected con- 
formational stability in its 2(eq),3(ax),4(eq)-half-chair conformation, which 
inhibits resonance stabilisation of the 4-carbonium ion and so reduces the 
benzylic character of the 4-hydroxyl group. 


HEARTWOODs of three Australian Acacia species (A. excelsa, A. harpophylla, and A. melan- 
oxylon) have each been found to contain melacacidin (0-2—1-0%) and a new leuco- 
anthocyanidin, isomelacacidin (>0-2%). Melacacidin was first isolated, in amorphous 
form, from A. melanoxylon by King and Bottomley,” who proved its structure (I). It was 
later shown * to have the geometrical configuration (II); from comparison of the specific 
rotations of the free phenol, its 7,8,3’,4’-tetramethyl ether, and the methyl ether diacetate 
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with corresponding values in the (—)-epicatechin series, (—)-melacacidin is more probably 
represented by (II) than by its mirror image.* Melacacidin has now been extracted by a 
different method, purified by counter-current distribution, and obtained crystalline from 
both A. excelsa and A. harpophylla; the latter appears to be the best source. Crude 
extractives from Acacia heartwoods were shown by paper chromatography to contain 
melacacidin and two other monomeric leucoanthocyanidins, isomelacacidin and O-ethyliso- 
melacacidin. The three compounds were separated by counter-current distribution, but 
their isolation was simplified after recognition that O-ethylisomelacacidin was an artefact 

* Note added in proof. The absolute configuration (II) of (—)-melacacidin has now been established 
(unpublished work with E. F. Katekar). 


1 Part II, J., 1960, 2433. 
® King and Bottomley, Chem. and Ind., 1953, 1368; J., 1954, 1399. 
5 King and Clark-Lewis, J., 1955, 3384. 
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very readily formed from isomelacacidin and the ethanol which had been used in manipul- 
ating the extractives. The crude leucoanthocyanidin mixture was boiled with ethanolic 
1% acetic acid, to convert isomelacacidin into O-ethylisomelacacidin, and this was easily 
separated from melacacidin by counter-current procedures because of its enhanced 
distribution ratio; the separatory-funnel procedure described by Bush and Densen ‘* 
proved useful for preparative separations. Hydrolysis of crystalline O-ethylisomelacacidin 
gave isomelacacidin, which has not yet been induced to crystallise and also hinders 
crystallisation of melacacidin. 

The structure of isomelacacidin (III) was inferred largely from the properties of its 
ethyl derivative, O-ethylisomelacacidin (IV), which crystallised as a hydrate but yielded 
the anhydrous compound C,,H,,0, when dried, and gave the expected values in the 
Zeisel and Kuhn—Roth determinations. O-Ethylisomelacacidin crystallised unchanged 
from aqueous methanol, and on paper chromatograms it was separable from iso- 
melacacidin and O-methylisomelacacidin; moreover, O-ethylisomelacacidin was separated 
from isomelacacidin by counter-current distribution between solvents, so that it is 
clearly an ether and not merely a solvate. O-Ethylisomelacacidin gave an alkali- 
insoluble tetramethyl ether which yielded a toluene-f-sulphonate, thus disclosing the 
presence of four phenolic groups and an alcoholic hydroxyl group. The anthocyanidin 
formed from O-ethylisomelacacidin and hot 3N-hydrochloric acid was chromatographically 
indistinguishable from 3,7,8,3’,4'-pentahydroxyflavylium chloride similarly derived from 
melacacidin, so that O-ethylisomelacacidin is either (IV) or the analogous 3-ethoxy-4- 
hydroxy-compound. The extreme lability of the ethyl group in O-ethylisomelacacidin 
excludes this alternative and requires the benzylic ether structure (IV). The close relation 
between O-ethylisomelacacidin, isomelacacidin, and melacacidin was confirmed by acid- 
catalysed hydrolysis and epimerisation. Thus O-ethylisomelacacidin was rapidly hydro- 
lysed to isomelacacidin by hot water or dilute acetic acid (see p. 4111). Conversion of 
isomelacacidin into melacacidin was very slow but melacacidin was epimerised rapidly to 
isomelacacidin (ca. 90°) by hot dilute hydrochloride acid. The equilibrium between the 
two leucoanthocyanidins in aqueous acids was therefore greatly in favour of isomelac- 
acidin, but conversion of melacacidin into O-ethylisomelacacidin was negligible in ethanol 
containing acetic acid. 

Isomelacacidin was further characterised as the sulphone (V), a derivative suggested 
by the investigations of reactive benzyl] alcohols by Kenyon and his co-workers 5 who 
found them to undergo reversible formation of sulphones by reaction with sulphinic acids. 
This sulphone (V) crystallised readily and was easily purified; it gave a penta-acetate, a 
tetramethyl ether, and a tetramethyl ether acetate. O-Ethylisomelacacidin and toluene-p- 
sulphinic acid gave the sulphone (V) when heated in weakly acidic solution, but melacacidin 
did not react until the acidity was increased to that already known to cause isomerisation. 
The product from melacacidin was the same sulphone (V), and this establishes the steric 
identity in melacacidin and isomelacacidin of those positions not affected by acid. The 
properties of isomelacacidin accord well with those of other benzyl alcohols activated by 
o- and f-hydroxyl groups,® and the reactivity of these alcohols is attributed to resonance 
stabilisation of the related benzyl carbonium ions. This indicates that the 4-hydroxy] 
group in isomelacacidin is axial (or can easily become axial) and that the 2(eq),3(ax),4(ax)- 
conformation is preferred—it permits maximum resonance stabilisation of the 4-carbonium 
ion through coplanarity of the attached groups. The preferred conformation of melacacidin * 
is, however, 2(eq),3(ax),4(eq) and it is probable that intramolecular hydrogen bonding 
between the heterocyclic oxygen atom and the 3(ax)-hydroxyl group stabilises both epimers 


* Bush and Densen, Analyt. Chem., 1948, 20, 121. 
_ 5 Balfe, Downer, Evans, Kenyon, Poplett, Searle, and Tarnoky, J., 1946, 797; Balfe, Kenyon, and 
Wicks, J., 1946, 807; Kenyon and Mason, J., 1952, 4964. 


sion Mikawa, Bull. Chem. Soc. Japan, 1954, 27, 53; de Jonge and Bibo, Rec. Trav. chim., 1955, 74, 
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in the conformations mentioned. The comparatively unreactive nature of melacacidin is a 
consequence of its conformational stability in the 2(eq),3(ax),4(eq)-conformation which js 
unfavourable for resonance stabilisation of the 4-carbonium ion (attached groups not 
coplanar with the benzene ring). 

The rapid conversion of melacacidin into isomelacacidin indicates that epimerisation js 
probably the first step in formation of the related anthocyanidin from melacacidin and 
aqueous acid. Formation of the 4-carbonium ion from isomelacacidin occurs very readily 
and would undoubtedly account for one process of the polymerisation to phlobaphenes 
which accompanies formation of anthocyanidins from leucoanthocyanidins.? Analogous 
polymerisations through the 2-carbonium ions formed by ring fission of flavans have been 
discussed by others.’ 

Peltogynol and peltogynol B occur in Peltogyne porphyrocardia,’ and teracacidin and 
isoteracacidin are found together in Acacia intertexta,® so that flavan-3,4-diols may 
frequently, or even generally, occur as mixtures of 4-epimers. Such epimers clearly could 
arise in the plant through non-specific reduction of a dihydroflavonol although, from the 
ease of epimerisation, isomelacacidin might also be formed from melacacidin. A dihydro- 
tetrahydroxyflavonol (probably VI) was obtained from A. excelsa but not examined more 
closely, and 7,8,3’,4’-tetrahydroxyflavonol (VII) was isolated from A. harpophylla. Okanin 
(VIII) was also obtained from this source but appeared to be formed during isolation so 
that we infer the presence in the wood of the corresponding flavanone (IX). 


EXPERIMENTAL 


Paper chromatograms were run with butan-l-ol—acetic acid—water 1° (4: 1: 5) except where 
otherwise indicated. Water-—acetic acid—concentrated hydrochloric acid (10: 30: 3) (Forestal 
solvent ') was used for chromatography of anthocyanidins. 

Wood specimens were obtained by courtesy of the Chemical Research Laboratories, 
C.S.1I.R.O., and collected from the following botanically identified Acacia species (herbarium 
specimen numbers in brackets): A. harpophylla (54 and 500), A. excelsa (55 and 890), and 
A. melanoxylon (481). Heartwood and sapwood were separately reduced to fine shavings; 
a total of 53 kg. was extracted. 

Extraction of the Wood.—Milled heartwood (2335 g.) of Acacia excelsa was extracted with 
acetone (24 hr.), ethanol (8 hr.), and water (8 hr.) by continuous hot percolation in a stainless- 
steel extractor. The viscous residue (376 g.) obtained by concentrating the acetone extract 
was stirred with water (4 1.), and next day the filtrate was concentrated under reduced pressure 
to 600 c.c. Continuous extraction of this solution with ethyl acetate then gave in successive 
8 hr. periods 116 g., 8 g., and 4 g. of extractive. The ethanol extract was similarly treated 
and gave 14 g. of material soluble in ethyl acetate. The ethyl acetate-soluble extractive 
(142 g.) was boiled with ethanol (1 1.) and acetic acid (10 c.c.) for 2 hr., to convert isomelacacidin 
into O-ethylisomelacacidin. Evaporation to dryness under reduced pressure then left a residue 
which was dissolved in water (400 c.c.) and distributed between ethyl acetate (240 c.c.) and 
water (400 c.c.) on each occasion in a counter-current procedure with five separatory funnels 
essentially as described by Bush and Densen.‘ The ethyl acetate fractions from the distribution 
were evaporated and left fraction A (77-7 g.). The water-soluble fractions were evaporated 
under reduced pressure at 55° to 400 c.c. and then continuously extracted with ether, which 
gave in 32 hr. a total of 10-6 g. (0-45%) of crystalline melacacidin and 26-6 g. of non-crystalline 
ether-soluble material. Fraction A was heated on a steam-bath with water (400 c.c.) and filtered 
when cold from a dihydroflavonol (5-2 g.; see below). The filtrate therefrom was distributed 
between ethyl acetate and water in separatory funnels as indicated above. Evaporation of these 
combined aqueous phases gave a residue which, after being boiled with ethanol (300 c.c.) and 


7 Brown, Cummings, and Somerfield, J., 1957, 3757; Brown and Cummings, /J., 1958, 4302; 
Freudenberg and Weinges, Fortschritte der Chemie organischer Naturstoffe, 1958, 16, p. 1. 

® Chan, Forsyth, and Hassall, J., 1958, 3174. 

* Clark-Lewis, Katekar, and Mortimer, unpublished work. 

1 Partridge, Biochem. J., 1948, 42, 238. 

11 Bate-Smith, Biochem. J., 1954, 58, 122. 
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acetic acid (3 c.c.) for 24 hr., evaporated to dryness, and continuously extracted with ether from 
an-aqueous solution neutralised with sodium hydrogen carbonate, gave crystalline O-ethyliso- 
melacacidin (7-6 g., 0-3%). The water-soluble portion from the ethanol extract of the wood 
contained pipecolic acid and 4-hydroxypipecolic acid.'* 

Melacacidin and isomelacacidin were also obtained from A. melanoxylon and A. harpophylia 
heartwoods; the latter appeared to be the best source of melacacidin and one specimen gave 
0-6% and 1:0%, and another, 0-2% yield. Melacacidin and isomelacacidin (as O-ethyl 
derivative) were conveniently separated in a 50-tube (50 c.c.) counter-current apparatus by 
distribution between ethyl acetate and 0-067M-phosphate buffer (pH 7-0) when dealing with 
quantities up to about 30 g. Peak concentrations were as follows: O-ethylisomelacacidin 
(tube 44), melacacidin (tube 18), and isomelacacidin (tube 14). ‘ 

The crude dihydroflavonol (5-2 g.) mentioned above crystallised from boilijg water in pale 
yellow flakes (ca. 0-05 g. per 100 c.c. of water), and two recrystallisations from aqueous ethanol 
(covered with light petroleum to retard oxidation) gave dihydro-(?7,8,3’,4’)-tetrahydroxyflavonol, 
m. p. 284—285° after sintering at 170—180° (Found, on material dried for 24 hr. in vacuo over 
P,O;: C, 57-6; H, 4:4. C,3H,,0,,$H,O requires C, 57-6; H, 4.2%). This gave red colours 
stable for several hours when treated in aqueous-ethanolic hydrochloric acid with magnesium 
or zinc.'3 On paper chromatograms it gave a streak (Rp 0-57—0-79) with faint blue fluorescence 
under untraviolet light, invisible in daylight, but becoming yellow after 3—4 hr. Hydro- 
chloric acid or ethanolic 3% toluene-p-sulphonic acid gave a deep yellow colour immediately. 

Isolation of Okanin (VIII) and 1,8,3’,4’-Tetrahydroxyflavonol (VII).—Milled heartwood of 
A. harpophylla (2756 g.) was extracted with light petroleum (10 hr.), ether (67 hr.), and acetone 
(7 hr.), and the acetone solution was concentrated on a steam-bath to ca. 220 c.c. and filtered 
from a residue (5-9 g.) consisting mainly of 7,8,3’,4’-tetrahydroxyflavonol. The filtrate was 
diluted with water to 2 1. and after several days the solution was filtered and concentrated to 
400 c.c. under reduced pressure before continuous extraction with ether for 24 hr. gave 36-2 g. 
of a yellow mixture of polyphenols. This was dissolved in water (25 c.c.) and was continuously 
extracted with light petroleum (b. p. 60—80°), which dissolved amorphous material (0-06 g.) 
in 24 hr. and caused separation of orange-red crystais (1-47 g.) of okanin (3,4,2’,3’,4’-penta- 
hydroxychalcone) in the aqueous layer. Recrystallisation from an ethanol (30 c.c.) solution 
diluted with water (100 c.c.) gave okanin in orange needles, m. p. 238° raised to 240° on 
admixture with authentic okanin, m. p. 245° (penta-acetate, m. p. 136°; lit., 141°). On paper 
chromatograms both samples of okanin gave tailing spots with Rp 0-52 (leading edge). 

The 7,8,3’,4’-tetrahydroxyflavonol fraction was identified by acetylation to 3,7,8,3’,4’- 
penta-acetoxyflavone, m. p. 176° (lit.,15 m. p. 173°) (Found: C, 58-6; H, 4:0; Ac, 43-4. Calc. 
for C,H 90,.: C, 58-6; H, 3-9; Ac, 42-0%), and by conversion in acetone with methyl 
sulphate and potassium carbonate into 3,7,8,3’,4’-pentamethoxyflavone, m. p. 151° (lit.,? 
m. p. 151°) alone and when mixed with a specimen similarly prepared from synthetic 7,8,3’,4’- 
tetramethoxyflavonol (Found: C, 64-5; H, 5-5; OMe, 40-9. Calc. for CypH,0,: C, 64-7; 
H, 5-4; OMe, 41-7%). 

Melacacidin (I1).—Crystalline melacacidin (0-5 g.) was dissolved in ethanol (30 c.c.), and 
the filtrate was concentrated to4c.c. Melacacidin (0-36 g.) crystallised rapidly from the seeded 
solution, and recrystallisation from ethanol containing a trace of acetic acid (charcoal) gave 
colourless prisms, m. p. 229° (decomp.) after becoming brown and sintering at 200—225° (Found: 
C, 58-9; H, 4:9; loss on drying, <0-1. C,,H,,O, requires C, 58-8; H, 4-6%). Melacacidin 
had [a],"° —75° (0-2% in EtOH, 4 dm. tube), [a),%* —85° (1% in 1:1 acetone—water), and 
fa],,** —75° (1% in 1:1 dioxan—water) unchanged by the addition of 10N-hydrochloric acid 
(1%). In 95% ethanol it had A, ax 280 my (log ¢ 3-5) and Amin, at 254 my (log ¢ 2-77). Pure 
melacacidin, Ry 0-25—0-32.in butanol—acetic acid—water and Ry 0-30—0-42 in 2% aceticacid, was 
almost insoluble in water and its solubility in ethanol was less than 0-5% at room temperature 
and ca. 2% at the b. p. A solution of melacacidin in ethanol was kept for 20 months without 
exclusion of light or air; it did not darken appreciably and was then found by chromatography 
to contain only melacacidin. 


1 Clark-Lewis and Mortimer, J., 1960, in the press. 
13 Pew, J. Amer. Chem. Soc., 1948, 70, 3031; Shimizu, J. Pharm. Soc. Japan, 1952, 72, 338; Chem. 
Abs., 1953, 47, 2758. 
™ King and King, J., 1951, 569. 
as ee and Rudse, Ber., 1905, 38, 935. 
R 
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Melacacidin tetramethyl ether crystallised from ethanol-ether in needles, m. p. 144—]45° 
alone and when mixed with authentic material, {a],,2* —83-5° (1% in EtOH) (lit.,2 m. p. 145— 
146°, «, —84-4°) (Found: C, 63-0; H, 6-1; OMe, 34-3. Calc. for C,,H,,O,: C, 62-9; H, 61; 
OMe, 342%). The tetramethyl ether diacetate had m. p. 191—192°, [a], —39-5° (0-2% in 
EtOH; 4 dm. tube) (lit.,2, m. p. 193—194°, a, —39-2°). 

Hot solvent (as below) (1 c.c.) was added to crystalline melacacidin (0-02 g.), and the mixture 
was heated in a boiling-water bath; it was examined by paper chromatography of samples 
withdrawn within }—1 min. (when dissolution was complete) and at intervals of 10, 20, 30, 60, 
and 90 min. Melacacidin was unchanged by water at 100° for 14 hr. but in 0-ln-acetic 
acid melacacidin was detected after 1 and 1} hr. Melacacidin was progressively converted by 
0-5N-acetic acid into isomelacacidin (ca. 50% after 1 hr., ca. 67% after 14 hr.) at 100°, and in 
0-01N-hydrochloric acid conversion into melacacidin reached 90% (apparently equilibrium 
proportion) after 10 min. at 100°; polymeric material was detected after 1 hr. Results with 
0-05n-hydrochloric acid at 100° were similar except that polymeric material appeared after 
20min. Less than 1% of O-ethylisomelacacidin was formed from melacacidin (0-05 g.), ethanol 
(10 c.c.), and acetic acid (0-2 c.c.) at the b. p. in 1} hr. 

O-Ethylisomelacacidin (IV).—The ethyl ether was prepared from isomelacacidin extracted 
from A. excelsa as already described, and also from A. melanoxylon heartwood (8-8 kg.) extractive 
after removal of melacacidin and ketonic flavonoids by distribution between solvents: crude 
isomelacacidin (106 g.) was boiled for 2 hr. with ethanol (1 1.) and acetic acid (10 c.c.), and 
evaporation left a residue which was distributed between ethyl acetate and water in separatory 
funnels. Crystallisation of the ethyl acetate-soluble material (56 g.), after dilution of its 
ethanolic solution (112 c.c.) with water (450 c.c.) and storage at 0°, gave O-ethylisomelacacidin 
hydrate (20-4 g.) (Found: C, 51-5; H, 6-0; C-Me, 3-7; OEt, 10-0; loss on drying, 15:9. 
C,,H,,07,3$H,O requires C, 51-4; H, 6-3; C-Me, 3-8; OEt, 11-4; H,O, 15-8%). The anhydrous 
compound was obtained at 90° in vacuo over phosphoric oxide (Found: C, 60-8; H, 5-5; OEt, 
11-7. C,,H,,O, requires C, 61-1; H, 5-4; OEt, 13-3%) and remained chromatographically 
homogeneous (Rpg 0-58—0-67; Ry 0-58—0-70 in 2% acetic acid), and indistinguishable from the 
undried material which had [a], —31° (0-9% in EtOH), [aJ,** —40° (2-4% in 1: 1 acetone- 
water) increased to [a],,!7 —70° during 6 hr. after addition of 10N-hydrochloric acid (1%). The 
anthocyanidin formed by heating O-ethylisomelacacidin with 3N-hydrochloric acid for 15 min. 
was extracted with pentyl alcohol and chromatographed with Forestal solvent; it possessed 
the same Ry as the anthocyanidin from melacacidin and behaved similarly when sprayed with 
alcoholic aluminium chloride. 

Hot solvent (1 c.c.) was added to O-ethylisomelacacidin (0-02 g.), and the mixture was 
heated in a boiling-water bath and examined by paper chromatography as for melacacidin. 
O-Ethylisomelacacidin was slowly hydrolysed by water to isomelacacidin (>50% in 1 hr.), and 
in 0-1N-acetic acid conversion was almost complete in 10 min., and no other polyphenol was 
formed. In 0-5n-acetic acid 50% conversion into isomelacacidin was reached in 4 min. and 
melacacidin was barely detectable after 10 min. and thereafter increased in concentration which 
however remained significantly lower than that of isomelacacidin. Considerable conversion 
into isomelacacidin occurred in 1 min. in 0-01N-hydrochloric acid, and melacacidin was detected 
after 10 min. but was obscured by polymeric material in later samples. 

O-Ethylisomelacacidin 17,8,3',4’-Tetramethyl Ether 3-Toluene-p-sulphonate.—The tetramethyl 
ether prepared by the action of diazomethane on O-ethylisomelacacidin was obtained as a 
viscous oil, b. p. 245°/1 mm. (Found: C, 65-3; H, 7-2; OAlk, 35-3. C,,H,.,O, requires C, 64-6; 
H, 6-7; OAlk, calc. as OMe, 38-7%). Crystallisation of this and subsequent preparations could 
not be induced, nor that of the acetate or p-nitrobenzoate. The toluene-p-sulphonate, prepared 
in pyridine at room temperature, crystallised from ethanol in prisms (ca. 70%), m. p. 125° 
unchanged by two recrystallisations from ethanol (5 c.c. per g.), [aJ,"* —19° (0-04% in EtOH). 
The crystals became opaque at 110—120°, and were dried at room temperature over phosphoric 
oxide for analysis (Found: C, 61-5; H, 6-1; S, 6-3; OMe, 27-6. C,,H,,0,S requires C, 61-8; 
H, 5-9; S, 5-9; OMe, 285%). 

O-Methylisomelacacidin.—The isomelacacidin fraction (33-5 g.) from A. harpophylla heart- 
wood (2165 g.) was boiled with methanol (300 c.c.) and acetic acid (10 c.c.) for 2 hr. before 
evaporation under reduced pressure. Slow crystallisation of the residue from aqueous methanol 
at 0° gave O-methylisomelacacidin (5-8 g.) initially as needles and then plates, decomp. when 


heated, {a],"* —56° (0-9% in MeOH), —68° (1% in 1: 1 acetone—water). When stored over 
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anhydrous calcium chloride it gave a pink powder (Found: C, 58-4; H, 5-4; OMe, 9-0. 
CygHg07,$H,O requires C, 58-4; H, 5:2; OMe, 9-4%). Crystalline material lost 10-4% of its 
weight when dried at 90° for 9hr. On paper chromatograms it separated (Ry 0-63—0-73) from 
melacacidin (Rp 0-42—0-48) and O-ethylisomelacacidin (Ry 0-73—0-82); separation also 
occurred with 2% acetic acid (Rp 0-53—0-66, 0-35—0-47, and 0-63—0-74 respectively). The 
anthocyanidin formed from O-methylisomelacacidin and hot 3N-hydrochloric acid was chromato- 
graphically indistinguishable in Forestal solvent from the anthocyanidin similarly obtained from 
melacacidin and gave the same colour change with aluminium chloride. Methylation of 
O-methylisomelacacidin with diazomethane gave a product which did not crystallise or yield a 
crystalline acetate or toluene-p-sulphonate. 

p-Tolyl Sulphone (V).—(a) Crystalline O-ethylisomelacacidin (0-371 g.) dissolved in 0-01N- 
hydrochloric acid (5 c.c.) on a steam-bath in 1 min.; acetic acid (0-35 c.c.) and sodium toluene-p- 
sulphinate dihydrate (0-643 g.) were added, and the mixture was heated for 30 min. on a steam- 
bath. Crystallisation at 0° gave the sulphone (0-39 g., 81%), m. p. 103—111°, [a),7*—25° 
(1% in acetone) (Found, after drying at room temperature and pressure over P,O,: C, 54:8; 
H, 5-0; S, 6-6. C,.H.,.0,S,2H,O requires C, 55-0; H, 5-0; S, 67%). The penta-acetate was 
prepared by acetylation with acetic anhydride and pyridine at room temperature overnight, 
and crystallised from ethanol in needles, m. p. 193°, [aJ,?% —13-5° (1% in acetone) (Found: 
C, 59-0; H, 5-0; S, 5-3; Ac, 30-3. Cs,H 590,35 requires C, 58-7; H, 4-6; S, 4-9; Ac, 32-9%). 
With 3n-hydrochloric acid on a steam-bath for 15 min. the phenolic sulphone gave 3,7,8,3’,4’- 
pentahydroxyflavylium chloride, chromatographically homogeneous and inseparable from the 
flavylium salt derived from melacacidin (Ry 0-58; cyanidin Ry 0-55; in Forestal solvent). 

(b) Crystalline melacacidin (0-612 g.) in 0-01N-hydrochloric acid (10 c.c.) was heated-on a 
steam-bath for 20 min. and acetic acid (0-7 c.c.) and sodium toluene-p-sulphinate dihydrate 
(1-27 g.) were then added, and heating was continued for 30 min. The sulphone (0-347 g., 36%) 
crystallised from the cooled solution, and recrystallisation (charcoal) from 5% acetic acid 
(20 c.c.) gave the sulphone in pale pink prisms (0-273 g.), [aJ,,2* —24° (1% in acetone), m. p. 
102—110° alone and when mixed with that prepared by method (a). The acetate had m. p. 
192—193° alone and when mixed with that described under (a). 

(c) The sulphone (1 g.) was kept in ethereal diazomethane at room temperature for 45 hr., 
and the solution was concentrated to 5 c.c.; slow evaporation left a clear gum which crystallised 
very slowly. The product was triturated with ether, and the insoluble residue (0-85 g.) 
crystallised from a very concentrated solution in acetone in plates, m. p. 153—154°, consisting 
of the p-tolyl sulphone 7,8,3’,4’-tetramethyl ether, (aJ,** —44° (1% in acetone) (Found: C, 62-5; 
H, 5:9; S, 6-4; OMe, 24-4. C,,H,,0,S requires C, 62-4; H, 5-6; S, 6-4; OMe, 248%). The 
sulphone tetramethyl ether acetate (0-63 g., 47%), m. p. 117—118° raised to m. p. 119—122° by 
crystallisation (needles, 0-28 g.) from methanol, [aJ,,2* —34° (1% in acetone), was prepared by 
methylation of the sulphone (1-5 g.) with ethereal diazomethane, evaporation of the ether, and 
acetylation of the viscous residue with acetic anhydride (2 c.c.) and pyridine (10 c.c.) at room 
temperature for 14 hr. (Found: C, 60-8, 60-8; H, 5-6, 5-9; S, 5-7; OMe, 22-5; Ac, 8-7. 
C.gH 390,5,4H,O requires C, 61-0; H, 5-7; S, 5-8; OMe, 22-3; Ac, 7-8%). 

We gratefully acknowledge the award (to P. I. M.) of a General Motors Holden Fellowship, 
and we thank the Chemical Research Laboratories, C.S.I.R.O., for arranging the collection of 
wood samples. 
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804. Amino-acids and Peptides. Part II1I.* The Constitution 
of Hypoglycin B. 
By C. H. Hassaut and D. I. Joun. 


The natural product hypoglycin B is shown to be y-L-glutamyl-«-amino- 
f-2-methylenecyclopropylpropionic acid on the basis of both degradative 
and synthetic evidence. 


In 1955, Hassall and Reyle * reported the isolation, from the fruit of Blighia sapida, of two 
compounds that had the unusual property of lowering blood-sugar levels in test animals, 
One of these compounds, hypoglycin A, had approximately double the hypoglycemic 
activity of the other, hypoglycin B. The structure of hypoglycin A has been established 
as a-amino-B$-2-methylenecyclopropylpropionic acid by independent investigations in 
several laboratories. In a preliminary communication * we proposed that hypoglycin B 
is the dipeptide y-L-glutamyl-«-amino-8-2-methylenecyclopropylpropionic acid (I). In 
what follows, a detailed account is given of the evidence supporting this proposal. 

Analytical data for hypoglycin B indicate the formula C,,H,,N,O;. Hydrolysis with 
50% formic acid in a sealed tube has been found® by paper chromatography to give 
hypoglycin A and glutamic acid in excellent yield. Thus it only remains to define the 
amino- and carboxyl functions of hypoglycin A and glutamic acid which are involved 
in the peptide link. 

Hydrolysis of 2,4-dinitrophenylhypoglycin B gave a mixture containing 2,4-dinitro- 
phenyl-.-glutamic acid as a major component. This showed that the free amino-group 
in the dipeptide is in the glutamic acid residue. van Slyke estimation of amino-nitrogen 
in hypoglycin B indicated two atoms per mole. As Sachs and Brand ® have shown that 
a-glutamyl-peptides react normally with nitrous acid to give one atom of amino-nitrogen 
per mole whereas y-glutamyl-peptides give approximately two atoms, the result suggested 
that the y- rather than the a-carboxyl group of glutamic acid was involved in the amide 
link. The reaction with phenyl isothiocyanate confirmed this. Treatment under the 
conditions of the Edman technique ’? for N-terminal amino-acid determinations led to the 
formation of the phenylthiohydantoin derivative (II) of hypoglycin B. The structure of 
this compound was indicated by the characteristic ultraviolet absorption maximum ® at 
269 my and the infrared bands at 3320, 1758, 1600, 1400 cm.1. The derivative behaves 
on titration as a monocarboxylic acid. There was no indication of a phenylthiocarbamyl 
derivative (Amax. 240 my) which is to be expected when phenyl isothiocyanate reacts under 
similar conditions with an a-glutamyl-peptide. 

The structure of hypoglycin B has been confirmed by synthesis.t The methyl ester of 
(+-)-hypoglycin A was condensed with the triethylamine salt of N-trityl-L-glutamic acid 
in the presence of dicyclohexylcarbodi-imide. The product was saponified with sodium 
hydroxide under mild conditions and then hydrolysed with aqueous acetic acid to a 
dipeptide shown to be identical with hypoglycin B by comparison of melting points, 

* Part II, J., 1959, 80. 

+ With the definition of the structure of hypoglycin B as y-t-glutamylhypoglycin A we propose to 
simplify the trivial nomenclature in future publications by referring to hypoglycin A as hypoglycin and 
to hypoglycin B as y-_-glutamylhypoglycin. 

1 Hassall and Reyle, Biochem. J., 1955, 60, 334. 

? Ellington, Hassall, Plimmer, and Seaforth, ]., 1959, 80. 

* (a) Anderson, Johnson, Nelson, Olson, Speeter, and Vavra, Chem. and Ind., 1958, 330; (b) Wilkin- 
son, ibid., p. 17; von Holt and Leppla, Angew. Chem., 1958, 70, 25; Renner, Jéhl and Stoll, Helv. Chim. 
Acta, 1958, 41, 589; (c) Carbon, Martin, and Swett, J. Amer. Chem. Soc., 1958, 80, 1002; (d) de Ropp, 
Van Meter, De Renzo, McKerus, Pidacks, Bell, Ullman, Safir, Fanshawe, and Davis, ibid., p. 1004. 

* Hassall and John, Tetrahedron Letters, 1959, No. 3, p. 7. 

* von Holt, Leppla, Kréner, and von Holt, Naturwiss., 1956, 12, 279. 

® Sachs and Brand, J]. Amer. Chem. Soc., 1954, 76, 3601. 


7 Edman, Acta Chem. Scand., 1955, 4, 277, 283. 
* Ramachandran, Epp, and McConnell, Analyt..Chem., 1955, 27, 1734. 
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infrared spectra, optical rotations, and crystalline 2,4-dinitropheny] derivatives. Experi- 
ments have shown that the use of N-tritylglutamic acid leads to y- rather than «-peptides.® 
Results reported by Jéhl and Stoll # after the completion of this work provide independent 


H 
N 
* H,N-CH-CH):CH,*CO-NH-CH:COH | SC“ SCH-CH,-CH,CO-NH-CH:CO;H 
“0,¢  CH;=C—CH-CHy PhyN—CO — CH,=C-—CH-CH, 
(l) ay ali (i) 


support for this structure of hypoglycin B. Hydrolytic studies of hypoglycin B have also 
been reported by von Holt and Leppla,™ who suggested that hypoglycin B is an «-glutamyl 
derivative of hypoglycin A but their evidence left open the alternative. 


EXPERIMENTAL 


M. p.s were determined by means of a Kofler block. Paper chromatography employed 
Whatman No. 1 paper. Ultraviolet spectra were determined on a Unicam spectrophotometer. 
Infrared spectra were measured with potassium bromide discs unless otherwise stated. We 
are grateful to Dr. H. E. Hallam, University College, Swansea, for determinations of infrared 
spectra. 

Pe Purification of Hypoglycin B.—Hypoglycin B was prepared by Hassall and Reyle’s procedure. 

The crude material, after four crystallisations from acetone—water, gave a product giving a 
single spot (Rp 0-56) on a paper chromatogram in the system butan-l-ol-acetic acid—water 
(4:1: 5) and having [aJ,°* +9-7° + 2° (c 1-12 in H,O) [Found: C, 52-9; H, 6-9; N, 10-6; 
N(van Slyke), 9-8. Calc. for C,,H,,N,O,;: C, 53-3; H, 6-7; N, 10-4%], vmax 3320, 1640, 1530 
(amide), 1725, 1218 (CO,H), 1410 (CO,-), and 889 cm. ([C=CH,); pK,’ and pK,’ values, 
373 and 9-36 (these are in the range of a y-glutamyl peptide).™ 

Hydrolysis of Hypoglycin B with 50% Formic Acid.—Hypoglycin B (12 mg.) was heated 
with 50% formic acid (1-5 c.c.) at 110° in a sealed tube for 25 hr. The residue obtained when 
the mixture was evaporated to dryness, was dissolved in a small quantity of water and applied 
to Whatman No. 1 paper. Paper chromatography [with butan-l-ol-acetic acid—water 
(4:1: 5)] indicated the major products as two ninhydrin-positive compounds, Rp 0-19 and 
0-60 respectively. These correspond to t-glutamic acid and (+)-hypoglycin, respectively. 
Very faint spots were obtained at Ry 0-36 (purple), 0-44 (purple), 0-46 (yellow), and 0-50 
(purple). These correspond to minor hydrolysis products of hypoglycin.* 

N-2,4-Dinitrophenylhypoglycin B.—Hypoglycin B (150 mg.) in water (10 c.c.) was titrated 
potentiometrically with 1-1n-sodium hydroxide to pH 9-0. 1-Fluoro-2,4-dinitrobenzene (100 mg.) 
was added, with stirring, to the solution at 40°. The reaction was allowed to proceed with pH 
maintained at 9-0 by the addition of alkali. The end of the reaction was indicated by the fact 
that no further alkali was required. Excess of fluorodinitrobenzene was extracted with ether 
(2 x 5 c.c.), and the aqueous layer was then acidified with concentrated hydrochloric acid 
(0-1 c.c.). The dinitrophenyl derivative, which was precipitated as an oil, was extracted with 
ether (7 x 15c.c.). The extract was dried (Na,SO,) and evaporated to dryness. The residue 
(240 mg., 98%) crystallised from methanol—water as needles (175 mg.), m. p. 166-5—169°, Rp 
0-46 [phenol-t-butanol-phosphate buffer of pH 5-91 (1: 1:1 v/v) in 2% ammonia], [a],’* 
—84° (c 0-6 in 4% aqueous sodium hydrogen carbonate), Amx, 359 mp (e 16,600) [Found: 
C, 49-9; H, 4-7; N, 131%; M (Battersby and Craig **), 446. C,,H,).N,O, requires C, 49-5; 
H, 4-6; N, 128%; M, 436). 

Hydrolysis of N-2,4-Dinitrophenylhypoglycin B.—N-2,4-Dinitrophenylhypoglycin B (162 
mg.) was refluxed in the dark with 5-7N-hydrochloric acid (40 c.c.) for 26 hr. The mixture was 
extracted with ether (7 x 15 c.c.) and both the aqueous and the ether solution were evaporated 
to dryness. The ether extract yielded a yellow gum (103 mg.) which crystallised from ethyl 


® Amiard, Heymés, and Velluz, Bull. Soc. chim. France, 1956, 698. 

® Jéhl and Stoll, (a) Helv. Chim. Acta, 1959, 42, 156; (6) ibid., p. 716. 

" von Holt and Leppla, Z. physiol. Chem., 1958, 313, 276. 

** Cohn and Edsall, ‘‘ Proteins, Amino Acids and Peptides,” Reinhold Publ. Co., New York, 1943. 
'* Battersby and Craig, J. Amer. Chem. Soc., 1951, 78, 1887. 
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acetate-light petroleum (b. p. 60—80°), then having m. p. 165—171° (11 mg.) undepressed on 
admixture with authentic DL-2,4-dinitrophenylglutamic acid (m. p. 170—172°), and having the 
correct infrared spectrum for this product. Further purification of the mother-liquor on a 
Hyflo-Supercel column gave a product which again did not crystallise. 

A second hydrolysis of 2,4-dinitrophenylhypoglycin B (115 mg.) was carried out for qa 
shorter time (2 hr.), to avoid racemisation. Working-up in a similar way gave a yellow oil 
(74 mg.) (from the ether extract), [],** —79° + 2° (¢ 2-5 in AcOH). L-2,4-Dinitrophenyl- 
glutamic acid ™ has [a], —81° 

Paper chromatography of the ether extract [using the system phenol-t-butanol—phosphate 
buffer of pH 5-91 (1: 1:1 v/v) in 2% ammonia] gave Rp 0-23, which corresponded to that of 
authentic L- and pL-2,4-dinitrophenylglutamic acid. 

Chromatography of the aqueous solution [with butan-l-ol-acetic acid—water (4: 1: 5)] gave 
a pattern of ninhydrin-positive spots (see Table) which was very similar to that obtained from 
an identical hydrolysis of hypoglycin (10-3 mg. with 5-7N-hydrochloric acid at 110° for 26 hr.), 


Paper chromatography of 26 hr. hydrolysis mixtures. 


Hypoglycin A hydrolysate Dinitrophenylhypoglycin B hydrolysate 
Ry Intensity * Colour with ninhydrin Ry Intensity * Colour with ninhydrin 
0-15 II Purple 0-15 IV Purple 
0-19 Ill Purple 
0-25 I Purple 0-25 I Purple 
0-29 Il Purple 0-29 II Purple 
0-33 II Yellow 0-33 II Yellow 
0-45 Vv Yellow 0-45 V Yellow 
0-60 I Purple 
0-70 I Purple 0-70 I Purple 


* Intensity increases from I to V. 


Phenylthiohydantoin Derivative of Hypoglycin B.—Hypoglycin B (103 mg.) in water—dioxan 
(10 c.c.; 1:1) was adjusted to pH 9-0 by addition of N-sodium hydroxide. Phenyl isothio- 
cyanate (0-3 c.c.) was added with stirring at 40°, and the pH kept at 9-0 by frequent addition of 
n-sodium hydroxide. The reaction was allowed to proceed for 100 min. The solution was 
extracted with benzene (7 x 10 c.c.), acidified to pH 3-0 with n-hydrochloric acid, left over- 
night at 0°, and then extracted with ether. The dried extract was evaporated to dryness, to 
yield a white residue (129 mg.). Recrystallisation from ethanol—-water gave the phenylthio- 
hydantoin derivative as needles, m. p. 186—188° [Found: C, 58-7; H, 5-5; N, 10-6%; equiv. 
(by potentiometric titration), 408. C,,H,,NO,S requires C, 58-9; H, 5-4; N, 10-8%; M, 387], 
Amax, 268—269 my (ec 16,000), vmx 3320 (NH), 1758 (ring CO), 1713 (CO,H), 1621 (CO-NH), 
1600 (Ph), 1506 (NH), 1400 (CS), 893 cm.-1 ([C=CH,). The principal maxima correspond to 
those assigned to a phenylthiohydantoin ring.® 

Paper chromatography on starch-impregnated Whatman No. 1 paper [in butan-l-ol- 
heptane-90% formic acid (4: 4: 2) and made visible with iodine—azide “ reagent] gave Rp 0-85. 

Attempted Cleavage of Product from Phenyl Isothiocyanate Reaction.—The derivative described 
above (56-8 mg.) in anhydrous nitromethane (3 c.c.), saturated with hydrogen chloride, was 
stirred at 40° for 15 min. The nitromethane solution, when evaporated to dryness, gave 
unchanged starting material. These conditions have been shown to lead to cleavage of a 
phenylthiocarbamyl derivative, which would be formed by the action of phenyl] isothiocyanate 
on a-glutamylhypoglycin.’? 

Hypoglycin Methyl Ester Hydrochloride.—(-+-)-Hypoglycin (1-51 g.) was added to anhydrous 
methanol (15 c.c.) containing thionyl chloride * (0-93 c.c.) and kept at —10° until all had 
dissolved. After refluxing for 2 hr., the solution was evaporated to dryness ina vacuum. The 
residue crystallised from methanol-ether to give hypoglycin methyl ester hydrochloride, needles, 
m. p. 151—152°, [a),,** +36° + 1-5° (c 2-0 in H,O) (Found: C, 49-8; H, 7-3; N, 7-5; O, 17-1; 
Cl, 18-9. C,H,,CINO, requires C, 50-1; H, 7-4; N, 7-3; O, 16-7; Cl, 185%). 

Triethylammonium Trityl-L-glutamate.—.-Glutamic acid (5-8 g.) was shaken with water 
(120 c.c.), ether (120 c.c.), and diethylamine (8 c.c.), until all the glutamic acid was in solution. 

#4 Rao and Sobers, J. Amer. Chem. Soc., 1954, 76, 1328. 

18 Sjoquist, Acta Chem. Scand., 1953, 7, 447. 

%* Boissonas, Guttmann, Jacquenaud, and Waller, Helv. Chim. Acta, 1956, 39, 1421. 
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Triphenylmethyl chloride (14-4 g.) was added, with vigorous stirring, to the mixture at —10° 
under nitrogen. Stirring was continued for 3 hr. at approximately — 10° and the mixture kept 
at 0° overnight. The ether was removed ina vacuum. The aqueous mixture which remained 
gave, on acidification, a precipitate of tritylglutamic acid. The mixture was extracted with 
ethyl acetate (2 x 100 c.c.). The dried extract was treated with excess of triethylamine and 
concentrated to a small volume. Addition of ether precipitated triethylammoniun trityl-L- 
glutamate (4:28 g.). Recrystallisation from ethyl acetate-ether yielded colourless needles 
(3°87 g.), m. p. 97—100°, [a],"* —36° + 2:5° (c 2-0 in CHCI,) (Found: N, 5-8. Calc. for 
CyoHysN20.: N, 5°7%). Amiard, Heymés, and Velluz® give m. p. “ approx. 100°,” [aj 
—32° + 2° (c 2-0 in CHCI,). 

N-Trityl Derivative of y-L-Glutamyl-(+-)-hypoglycin Methyl Ester—Hypoglycin methyl 
ester hydrochloride (500 mg.) in methylene chloride (4 c.c.) was shaken with a slight excess of 
aqueous N-ammonia (3-6 c.c.). Dicyclohexylcarbodi-imide (670 mg.) and the triethylammonium 
trityl-L-glutamate (1-37 g.) were added to the methylene chloride solution with shaking. Soon 
after, a uniform solution was obtained, and precipitation of dicyclohexylurea commenced. The 
reaction was allowed to proceed at room temperature overnight. Excess of dicyclohexyl- 
carbodi-imide was destroyed by addition of a few drops of acetic acid. The filtrate obtained 
on removal of dicyclohexylurea was washed with 3n-hydrochloric acid and water, dried (Na,SO,) 
and evaporated to give the ester as a white solid (1-26 g., 92%). No attempt was made to 
crystallise this product. 

Hypoglycin B.—The N-trityl derivative of y-L-glutamyl-(+)-hypoglycin methyl ester from 
the previous preparation was hydrolysed. Trials led to choice of following conditions. The 
crude ester (1-04 g.) in ethanol (8 c.c.) was treated with N-sodium hydroxide (4-5 c.c.) and left 
at 20° for 1 hr. Water (60 c.c.) was added. The solution was extracted with chloroform, and 
the extract rejected. The aqueous layer was acidified with 3n-hydrochloric acid and extracted 
with chloroform. The residue (631 mg.) obtained by evaporating the dried, chloroform extract 
was heated with 50% acetic acid (5 c.c.) on a boiling-water bath for 3 min. Dilution with water 
precipitated triphenylmethanol, which was removed. The filtrate was extracted with ethyl 
acetate. Evaporation of the aqueous layer gave a residue (123 mg.) which, after four recrystal- 
lisations from acetone—water, yielded needles having, before and after admixture with hypo- 
glycin B, double m. p. 189—191°, 200—204°, Ry 0-56 [butan-l-ol-acetic acid—water (4: 1: 5)] 
{a,,"® +9° + 2-5° (c 1-4 in H,O) [Found: N, 10-3; N(van Slyke), 9-8. Calc. for C,,H,,N,O,: 
N, 10:-4%]. The infrared spectrum was identical with that of natural hypoglycin B. 

The 2,4-dinitropheny] derivative of the synthetic product was prepared and shown by mixed 
m. p. determination and comparison of infrared spectra and paper chromatograms to be 
identical with the corresponding derivative from natural hypoglycin B. 


We are grateful to the Department of Scientific and Industrial Research for a maintenance 
grant to D. I. J. 
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805. The Reformatsky Reaction on the Tetralones and Indanones. 
By HAFeEz AHMED and NEIL CAMPBELL. 


The constitutions of the unsaturated acids obtained by the interaction of 
ethyl bromoacetate and zinc with tetralones and indanones have been 
established. 





By interaction of 1-tetralone and ethyl bromoacetate in the presence of zinc followed by 
dehydration of the resulting hydroxy-ester Schroeter 1 obtained a mixture of unsaturated 
acids which he claimed to have separated into “ sehr reine Séuren ” m. p. 90—92°, 106°, 
and 163—164°. To two of these he assigned the respective structures (I) and (II), but 
for the third he advanced only the formula C,,.H,,0,. von Braun ef al. had previously, 
by the same reaction, isolated an acid, m. p. 100°, which they considered to be the endo- 
unsaturated acid (II), but which Schroeter considered to be a mixture. Schroeter’s work 


! Schroeter, Ber., 1925, 58, 713. 
* von Braun, Gruber, and Kirschbaum, Ber., 1922, 55, 3664. 
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is not entirely convincing, notably his evidence for the structure of the acid (II) by convert. 
ing it into a keto-aldehyde for which he gave no structural proof beyond the formation 
of a semicarbazone, the analytical figures of which were poor. 





HC-CO,H C(CN)-CO,H CH-CN 


ei *CO,H CH 46% *CO,Et CK) + X 


(II) (IIT) (IV) 


We have therefore repeated Schroeter’s work and in part have substantiated his 
conclusions. Three acids were obtained, m. p. 90—100°, 106°, and 162—163°, and 
Schroeter’s structure (II) for the acid, m. p. 106°, was confirmed by the similarity of its 
spectrum to that of 1,2-dihydronaphthalene,’ by its decarboxylation with dilute sulphuric 
acid to 1,2-dihydro-4-methylnaphthalene, and by the colourless acylurea it gives with 
di-(f-dimethylaminopheny])carbodi-imide.* It forms a dibromide and cannot be 
isomerised to the exo-unsaturated acid by alkali. 

The acid, m. p. 162—163°, is a carboxylic acid (vmsx, 1687 cm.) although it is not 
extracted from ether by sodium carbonate.5 It is an «8-unsaturated acid (I) since it forms 
a yellow acylurea,‘ yields 1-tetralone with ozone, and although containing a double bond 
conjugated to the benzene ring reacts extremely slowly with bromine. It is not isomerised 
by alkali. Its configuration is probably that represented in formula (I) since its absorption 
spectrum, Amax. 271 my (log ¢ 4-19), is strikingly similar to that ® of trans-cinnamic acid, 
Amax. 273 mu (log e 4-32) and different from that of cis-cinnamic acid, Amax. 264 my (log ¢ 3-42). 

Like Schroeter, we obtained by laborious purification a small quantity of an acid, 
m. p. 90—92° (capillary). On the Kofler hot-plate, however, although much of the acid 
melted in this range the m. p. was 90—100° and even at 110° a few crystals still remained. 
The acid is probably the endo-unsaturated acid (II) contaminated with a little exo-isomer 
(I). The presence of the former acid was established by the formation of the dibromide, 
the strong absorption at 264 mu, the formation of a very pale yellow acylurea contaminated 
by colourless crystals, and (less conclusively) by paper chromatography. The exo- 
unsaturated acid was detected by formation of 1-tetralone on ozonolysis. 

An attempt was made to prepare some or all of the above acids by hydrolysis of the 
product (III) obtained by condensing 1-tetralone with ethyl cyanoacetate.’? The cyano- 
dihydro-ester (III) failed to give tetralone on ozonolysis and was hydrolysed by alkali to 
the endo-unsaturated acid (II), m. p. 106—107°. With concentrated hydrochloric acid or 
a mixture of sulphuric acid, acetic acid, and water the ester underwent hydrolysis to 
1-tetralone, but with hydrochloric acid and ethanol it yielded the cyano-acid (IV) and the 
unsaturated nitrile (V). Both products contain an exo-double bond since they exhibit 
phenyl conjugation and yield 1-tetralone on ozonolysis, while in addition the acid forms 
a yellow acylurea. Double-bond migration in the presence of acid is, of course, well 
known,’ but the bond migration observed when the ester is treated with hydrochloric acid 
is perhaps unexpected. 

The unsaturated acid (VI) obtained on interaction of ethyl bromoacetate, zinc, and 
2-tetralone was assigned this constitution on the basis of its styrene-like absorption.® 
Repetition of this work gave the expected hydroxy-ester, probably mixed with some 
unsaturated ester. Alkaline hydrolysis gave the hydroxy-acid, which was dehydrated by 
acetic anhydride to the unsaturated acid (VI). Dehydration of the hydroxy-ester with 


* Morton and Gouveia, J., 1934, 916. 

* Zetzsche and Réttger, Ber., 1939, 72, 1599; Campbell and Crombie, Chem. and Ind., 1959, 600. 
5 Cf. Johnson, Petersen, and Schneider, J. Amer. Chem. Soc., 1947, 69, 74. 

* Gillam and Stern, “ Electronic Absorption Spectroscopy,”” Arnold Ltd., London, 1957, p. 269. 
7 Cf. Johnson, Johnson, and Petersen, J]. Amer. Chem. Soc., 1946, 68, 1929. 

8 E.g., Rupe et al., Ber., 1902, 35, 4265; 1907, 40, 2813. 

® Dauben and Teranishi, J. Org. Chem., 1951, 16, 550. 
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thionyl chloride and pyridine, anhydrous formic acid, or acetic anhydride gave the un- 
saturated ester, which on saponification yielded the acid (VI), whose structure was estab- 
lished by its phenyl conjugation (Amax. 270 my; log e 3-98), formation of a colourless acylurea, 
and failure to detect 2-tetralone after ozonolysis. Bromine added spontaneously to the 
gy-unsaturated acid with the formation of the bromo-lactone (VII). Unlike the 3,4- 
dihydro-I-naphthylacetic acid (II), the acid (VI) did not undergo decarboxylation with 
dilute sulphuric acid, possibly because it is not sterically hindered.” The acid was 
unchanged by hot dilute alkali. 
o—cOo 
CH,-CO,R 


| 
" CH, 


(V1) (VII) (VIII) (IX) 


1,1-Dimethyl-2-tetralone with ethyl bromoacetate and zinc gave the expected hydroxy- 
ester, but neither the ester nor the acid was dehydrated by formic acid, thionyl chloride 
and pyridine, or acetic anhydride. This is in marked contrast to 1-hydroxy-2,2-dimethyl- 
cyclohexylacetic acid which is readily dehydrated by acetic anhydride to 2,2-dimethyl- 
cyclohexylideneacetic acid.™ 

Indan-l-one similarly gave an unsaturated ester, reported to contain an exo-double 
bond since it was oxidised by potassium permanganate to indan-l-one.™ The ester was 
stated to resinify in alkali and with dilute sulphuric acid to yield mostly 3-methylindene and 
a trace of an acid, m. p. 85—86°, which was not analysed but for which von Braun suggested 
the exo-double-bond structure. The unsaturated ester is probably the endo-unsaturated 
compound (VIII; R = Et), since as just stated it yields 3-methylindene with sulphuric 
acid and with alkali, contrary to von Braun’s statement, gives 3-indenylacetic acid (VIII; 
R = H), m. p. 95—96°, identical with the acid obtained by the reduction of benzofulvene 
carboxylic acid,!8 whose structure is proved by the similarity of its ultraviolet absorption 
spectrum to that of indene,” its colourless acylurea, and its formation of an anisylidene 
derivative with p-anisaldehyde. 

Indan-2-one with ethyl bromoacetate and zinc yielded the hydroxy-ester, which was 
hydrolysed to the hydroxy-acid and was dehydrated by formic acid to an unsaturated 
ester. Hydrolysis of this ester and acidification yielded 2-indenylacetic acid (IX), whose 
constitution followed from its phenyl conjugation, formation of a colourless acylurea, and 
failure to obtain indan-2-one by ozonolysis. 

Our results indicate that the unsaturated acids obtained from the tetralones and 
indanones contain the double bond in the ring, except that some exo-unsaturated acid is 
obtained from 1-tetralone. This is in harmony with the conclusions of previous workers 
on 2-phenyl-1-tetralone ® and 2-phenylindan-l-one,’* both of which yield the endo- 
unsaturated acid. It is plausible to assume that in the hydroxy-esters and -acids obtained 
by the Reformatsky reaction on the tetralones the CH,°CO,Et and the OH group attach 
themselves to the nucleus by an equatorial and axial bond respectively. Models ” show 
that water may then be lost to give either an endo- or an exo-double bond, since the 
necessary planar four-centre grouping is present. In the indane series also there seems 
no stereochemical reason why an endo- or an exo-bond should be preferentially formed. 
It therefore seems difficult to predict the course taken to yield unsaturated acids, though 


© Schubert, Donohue, and Gardner, J. Amer. Chem. Soc., 1954, 76, 9. 
" Elliott and Linstead, J., 1938, 776. 

** von Braun, Danziger, and’Koehler, Ber., 1917, 50, 56. 

8 Thiele and Riidiger, Annalen, 1906, 347, 282. 

™ Donbrow, J., 1959, 1964. 

* Newman, J. Amer. Chem. Soc., 1938, 60, 2947. 

** Campbell and Ciganek, J., 1956, 3834. 

? Barton, Cookson, Klyne, and Shoppee, Chem. and Ind., 1954, 21. 
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it might be hazarded that the products where possible would contain the carboxyl group 
conjugated with the phenyl nucleus. This obviously does not obtain. It was expected, 
however, from the observation that 1-tetralone gave some exo-unsaturated acid, that the 
indanones would also furnish some exo-unsaturated acid since Brown e¢ al.1* have suggested 
that five-membered rings favour exo-double-bond formation when compared with their 
six-membered analogues. No such double bonds could be detected. This is in keeping 
with the failure of 3-indenylacetic acid to isomerise with alkali, which led Wiiest ¥ to 
conclude that five-membered rings are reluctant to replace an endo- by an exo-double 
bond. It is to be noted that phenyl conjugation occurs in aJl our unsaturated acids and, 
in one instance, the hydroxy-acid from 1,1-dimethyl-2-tetralone where such conjugation 
could not result, no dehydration was effected. 


EXPERIMENTAL 


M. p.s, unless otherwise stated, were determined on the Kofler apparatus. Acylureas were 
prepared from the acids and di-(p-dimethylaminophenyl)carbodi-imide.* In the Reformatsky 
reactions zinc wool, washed with dilute hydrochloric acid, water, acetone, and then dried was 
used. 

Reformatsky Reaction with 1-Tetralone.—1-Tetralone (50 g., 0-343 mole) was added with 
vigorous stirring to zinc wool (18 g., 0-277 g.-atom), benzene (300 ml.), and ethyl bromoacetate 
(60 g., 0-36 mole) previously warmed to 60°. After the initial vigorous reaction had subsided 
the mixture was boiled for 14 hr. The hot solution was decanted, methanol was added until 
a clear solution was obtained, and dilute sulphuric acid (400 ml.) added. The aqueous solution 
was twice extracted with benzene (50 ml.), and the combined benzene solutions were washed 
with water, dried, and distilled. Ethyl 1,2,3,4-tetrahydro-1-hydroxy-1l-naphthylacetate (50 g.) 
distilled at 185—190°/10 mm. The ester (5 g.) in water (20'ml.) and 40% methanolic potassium 
hydroxide (5 ml.) were kept at room temperature for 24 hr. and then warmed to 60° for 20 min. 
Addition of water and dilute hydrochloric acid gave the hydroxy-acid as a colourless oil 
[acyluvea, prismatic needles (from acetone), m. p. 172—173° (Found: N, 11-3. C, 9H ,N,0, 
requires N, 11-5%)]. The ester (40 g.) was heated with anhydrous formic acid (120 ml.) for 
15 min., and the formic acid was removed by blowing air through the hot solution. The 
unsaturated esters (30 g.) distilled at 190—195°/8 mm., and were boiled for 2 hr. with 10% 
methanolic potassium hydroxide (200 ml.). Most of the alcohol was removed by distillation. 
Addition of water and hydrochloric acid gave a mixture of unsaturated acids (18 g.), m. p. 
84—98°. The ether layer was shaken with sodium hydrogen carbonate solution. The ether 
layer yielded 1,2,3,4-tetvrahydro-1-naphthylideneacetic acid (1-2 g.), prismatic needles (from light 
petroleum), m. p. 162—163° (Found: C, 76-2; H, 6-6. C,.H,,O, requires C, 76-6; H, 6-4%), 
Amax, 270—271 my (log ¢ 4:19) in EtOH, v (in Nujol) 1687 cm. (Ar-CH°CH-CO,H) [acylurea, 
yellow needles (from acetone), m. p. 176—177° (Found: N, 11-5. C, gH;,.N,O, requires N, 
12-0%), Amax. 272 my (log ¢ 4-57) in EtOH. Ozonolysis of the acid yielded 1-tetralone (dinitro- 
phenylhydrazone, m. p. 258—259°). The aqueous layer with dilute hydrochloric acid gave a 
mixture of acids, 10 g. of which were repeatedly boiled with water (200 ml.), the hot clear 
solutions being decanted. The oily residue from boiling light petroleum (b. p. 80—100°) gave 
3,4-dihydro-1l-naphthylacetic acid, m. p. 106—107° (Schroeter ! gives m. p. 106°); the filtrate 
on concentration gave an impure acid, m. p. 90—92° (capillary) after repeated crystallisation 
from light petroleum. The combined decanted aqueous solutions, when cold, deposited 3,4- 
dihydro-l-naphthylacetic acid (6 g.), prismatic needles (from light petroleum), m. p. 107°, 
Amax, 262 my (log ¢ 3-85) [acylurea, colourless prisms (from acetone), m. p. 162—163° (Found: 
N, 11-6. Cy gH,.N,O, requires N, 12-0%)]. The acid (5 g.), when boiled with dilute sulphuric 
acid (100 ml.) until the evolution of carbon dioxide ceased, gave 1,2-dihydro-4-methylnaphthalene 
(2-5 g.), b. p. 105—107°/14 mm., Amex 262 my (log ¢ 3-83) in EtOH, which with chloranil in 
boiling xylene (4 hr.) yielded 1-methylnaphthalene [picrate, m. p. 141—142° (lit., 141—142°); 
trinitrobenzene derivative, m. p. 154° (lit., 154°)]. The ozonolysis product could not be 


18 Brown, Brewster, and Shechter, J]. Amer. Chem. Soc., 1954, 76, 467; Brown, J]. Org. Chem., 1957, 
22, 439; Gil-Av and Shabtai, Chem. and Ind., 1959, 1630; Turner and Garner, J. Amer. Chem. Soc., 
1958, 80, 1424. 

19 Wiiest, Annalen, 1918, 415, 299. 
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identified. The acid (1 g.), on treatment in cold ether (15 ml.) with bromine followed by 
precipitation with light petroleum, gave the dibromide, prisms (from ether-light petroleum), 
m. p. 148—150° (decomp.) (Found: Br, 45-5. C,,H,,Br,O, requires Br, 45-9%). 

The three acids were “‘ spotted’ on a sheet of Whatman No. 1 paper and ethanol, con- 
centrated ammonia, and water (80: 4: 16) were allowed to run down the paper (16 hr.). The 
paper was dried and sprayed with Bromocresol (sodium salt). The acids, m. p. 106—107° and 
90—92°, travelled at the same rate and gave yellow spots with a violet fluorescence in ultra- 
violet light. The other isomer could not be traced. This suggests that the acid, m. p. 90—92°, 
is an impure sample of the acid, m. p. 106—107°. 

Condensation of Ethyl Cyanoacetate with 1-Tetralone.—Tetralone (60 g.), ethyl cyanoacetate 
(46-6 g.), ammonium acetate (6-4 g.), acetic acid (19 g.), and benzene (150 ml.) were heated 
under a Dean and Stark water separator. Fractional distillation of the product yielded ethyl 
a-cyano-3,4-dihydro-1-naphthylacetate (36 g.), b. p. 202—206°/9 mm. This cyano-ester (2 g.) 
gave 1-tetralone when boiled (6 hr.) with concentrated hydrochloric acid (50 ml.) or with 
40 ml. each of concentrated sulphuric acid, acetic acid, and water. When boiled with sodium 
hydroxide (5 g.) in water (40 ml.) and ethanol (20 ml.) until evolution of ammonia ceased the 
cyano-ester (2 g.) yielded 3,4-dihydro-1-naphthylacetic acid, m. p. and mixed m. p. 106—107°. 
Ozonolysis of the cyano-ester gave a product which certainly did not contain 1-tetralone. 

The cyano-ester (5 g.) was boiled for 3} hr. with ethanol (400 ml.) and concentrated hydro- 
chloric acid (400 ml.). Water (500 ml.) was added and the mixture extracted several times 
with ether. The combined ether extracts were washed with water and shaken with sodium 
hydrogen carbonate solution. (a) The alkaline aqueous layer with dilute sulphuric acid gave 
a-cyano-1,2,3,4-tetrahydro-1-naphthylideneacetic acid, needles (from aqueous ethanol), m. p. 
172—178° (decomp.) (Found: C, 73-8; H, 5-4; N, 6-3. C,,;H,,NO, requires C, 73-3; H, 5-1; 
N, 66%), Amax, 286 my (log ¢ 4-13) in EtOH [acylurea, yellow prisms, m. p. 150—-151° (Found: 
N, 13-8. Cy gH,,N,O, requires N, 14:2%)]. The cyano-acid with ozone in ethyl acetate gave 
1-tetralone. (b) The ether on evaporation gave 1-cyanomethylenetetralin, which after trituration 
with light petroleum in solid carbon dioxide—acetone crystallised from light petroleum or 
aqueous methanol, then having m. p. 69—70° (Found: C, 85-1; H, 6-6; N, 84. C,,H,,N 
requires C, 85-15; H, 6-5; N, 8-35%), Amax, 278 my (log ¢ 4-28) in EtOH. Ozonolysis in ethyl 
acetate yielded 1-tetralone. 

Reformatsky Reaction on 2-Tetralone.—2-Tetralone was treated with zinc and ethyl bromo- 
acetate according to the method of Dauben and Teranishi ® except that an initial addition of 
iodine (0-5 g.) was made. The product was shown by analysis and ultraviolet spectrum to be 
a mixture of hydroxy-ester and unsaturated ester. The mixed esters (5 g.), water (20 ml.), 
and 40% methanolic potassium hydroxide (4 ml.) were kept for 24 hr. and then warmed (20 
min.). Working up in the usual way gave a mixture of two substances, m. p.s 56—60° and 
80—84°. The mixture was dissolved in warm benzene which after some time deposited prisms, 
m. p. 58—60” (capillary), subliming at 57—59°, m. p. 81—85° in the Kofler apparatus. The 
analytical figures (C, 66-4; H, 6-6%) indicate that it is a mixture of the hydroxy-acid and its 
hydrate (Acid: C, 69-9; H, 6-8. Hydrate: C, 64-3; H, 7-0%). The lack of unsaturation 
in the product is confirmed by Amax, 266 my (log ¢ 2°70) and Amax, 273 my (log e 2-75) and by 
formation of the acylurea of the hydroxy-acid as colourless prisms (from acetone), m. p. 154— 
155° (Found: N, 11-1. C,9H,,N,O, requires N, 11-5%). 

The hydroxy-acid (1 g.) was warmed for 3 hr. with acetic anhydride (1-5 g.) and worked 
up in the usual way, to give 3,4-dihydro-2-naphthylacetic acid, m. p. and mixed m. p. 88—89°, 
identical with a sample prepared by saponification of the unsaturated ester. The acid, Amax 
270 mu (log e 3-98), gave an acylurea, colourless needles, m. p. 138—139° (Found: N, 11-7. 
Cy9H,.N,O, requires N, 12-0%). The acid in ether was treated with bromine until absorption 
was complete. The ether was shaken with water and when slowly evaporated yielded 3a- 
bromo-2,3,3a,4,5,9b,hexahydronaphtho[1,2-b] furan-2-one (VII), needles (from light petroleum), 
m. p. 103—104° (Found: Br, 29-6. C,,H,,BrO, requires Br, 30-0%). 

Reformatsky Reaction on 1,1-Dimethyl-2-tetralone.—1,1-Dimethyl-2-tetralone (21 g.) was 
added to zinc (9 g.), benzene (80 ml.), toluene (80 ml.), and ethyl bromoacetate (20 g.). After 
the initial violent reaction the mixture was boiled for 1 hr. and ethyl bromoacetate (20 g.) 
and zinc (18 g.) were added. Boiling was continued for 1 hr. and the addition of ester and 
zinc repeated. After further boiling (2 hr.) the mixture was cooled and decomposed by 3n- 
hydrochloric acid, and the aqueous layer was extracted with benzene (50 ml.). The combined 
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organic layers were washed with water, dried (Na,SO,), and distilled to give the ethyl 1,234 
tetrahydro-2-hydroxy-1,1-dimethyl-2-naphthylacetate (12 g.), b. p. 173—176°/10 mm. (Found: 
C, 74:3; H, 84. C,.H,,0, requires C, 73-3; H, 84%). The ester (2-5 g.), water (10 ml), 
and 40% methanolic potassium hydroxide (2 ml.) were kept for 24 hr., then warmed at 60° for 
20min. Dilution with water and acidification gave a precipitate which was extracted with ether, 
Extraction of the ether with sodium hydrogen carbonate, followed by acidification, gave the 
hydroxy-acid monohydrate, needles (from benzene), m. p. 75—76° (capillary), subliming at ca, 
75°, m. p. 101—102° (Kofler) (Found: C, 67-45; H, 7-85. C,,H,,0;,H,O requires C, 66-7; 
H, 7-9%), Amax. 270 my (log ¢ 2-63), 262 my (log « 2-63) (acylurea, m. p. 163—164°, identical] 
with that described below). The hydroxy-ester (5 g.) was heated with anhydrous formic acid 
(25 ml.) for 20 min. Removal of the formic acid and fractionation gave a pale yellow liquid 
(3-5 g.), b. p. 170—175°/10 mm., which was hydrolysed by 40% methanolic potassium hydroxide, 
Addition of water and acidification gave the anhydrous hydroxy-acid, needles (from light 
petroleum, b. p. 60—80°), m. p. 101—102° (Found: C, 72-0; H, 7-75. C,,H,,O; requires 
C, 71:8; H, 77%), Vmax, 3580 cm."1, Amax 272 (log ¢ 2-67), 265 my (log e 2-67) [acylurea, colourless 
prismatic needles, m. p. 163—164° (Found: N, 11-4. C,,H,,N,O, requires N, 10-9%)]. 
Attempts to dehydrate the acid were unsuccessful. 

Reformatsky Reaction on Indan-1-one.—Indan-1-one (26-5 g.), zinc (13 g.), benzene (150 ml), 
and ethyl bromacetate (33-4 g.) gave (?) ethyl 3-indenylacetate, b. p. 152—155°/9 mm. (Found: 
C, 76-8; H, 7-0. C,,;H,,O, requires C, 77-2; H, 6-9%). The ester (10 g.) was boiled (2 hr.) 
with 6Nn-sodium hydroxide (12 ml.) in methanol (150 ml.). Most of the alcohol was distilled 
off and the solution acidified with dilute sulphuric acid. 3-Indenylacetic acid (6 g.) crystallised 
from light petroleum (b. p. 60—80°) in needles, m. p. 95—96° (Thiele and Rudiger ™ give 
95—96°), Amax, 253 my (log e 3-98) [acylurea, colourless prisms (from acetone), m. p. 163—164° 
(Found: N, 11-9. C,gH3,N,O, requires N, 12-3%)]. The acid (3 g.) was boiled with dilute 
sulphuric acid (60 ml.) and yielded 3-methylindene, b. p. 72—74°/9 mm. (picrate, m. p. 77—79°, 
and 1-p-anisylidene derivative, m. p. 111—112°) (Thiele and Biihner * report 195—197°/710 
mm., 76—78°, and 113° respectively). The acid (0-2 g.) and p-anisaldehyde (0-25 g.) in ethanol 
(5 ml.) with ethanolic potassium hydroxide (4 ml.) gave on acidification after 1 hr. the 1-p- 
anisylidene derivative, yellow prisms (from ethanol), m. p. 178—180° (decomp.) (Found: 
C, 78-0; H, 5-4. C,,H,,O, requires C, 78-1; H, 55%). The acid in ether reacted with bromine, 
to give the slightly impure bromo-lactone, prisms (from ether-light petroleum), m. p. 152—154° 
(Found: Br, 34-0. C,,H,BrO, requires Br, 31-5%). 

Reformatsky Reaction of Indan-2-one.—Indan-2-one (13-2 g.), zinc (6-5 g.), ethyl bromo- 
acetate (16-7 g.), and benzene (150 ml.) were warmed on the water-bath. Iodine (0-5 g.) was 
added. Two additions of zinc (8 g.) and ethyl bromoacetate (20 g.) were made (after 1 and 2 
hr.) and boiling was continued for 2 hr. The cooled solution was decomposed by 3N-hydro- 
chloric acid (200 ml.). The aqueous layer was twice extracted by benzene (40 ml.), and the 
combined benzene extracts were dried (Na,SO,) and distilled. The residue with ether yielded 
a solid (1-2 g.), needles (from benzene), m. p. 216—217° (Found: C, 89-7; H, 5-7%; M, 326). 
The substance is possibly the condensation product, 1,3-di-(2-indanylidene)indane (Cy;7HO 
requires C, 90-0; H, 5-6%; M, 360). Removal of the ether gave ethyl 2-hydroxy-2-indanyl- 
acetate, b. p. 162—166°/10 mm. (33% yield) (Found: C, 71-4; H, 7-5. C,3;H,.O, requires C, 
70-9; H, 7-3%). The hydroxy-ester (5 g.) was warmed for } hr. with formic acid (30 ml.). 
Distillation gave the unsaturated ester (3-5 g.), b. p. 150—153°/10 mm. (Found: C, 76-6; H, 7:3. 
C,,;H,,0, requires C, 77-2; H, 7:0%). The ester (3 g.) was boiled for 2 hr. with 6N-sodium 
hydroxide (4 ml.) and ethanol (40 ml.). Removal of the alcohol and acidification gave 2- 
indenylacetic acid, prisms (from light petroleum), m. p. 116—117° (sinters at 100°) (Found: 
C, 75-6; H, 6-0. C,,H,,O, requires C, 75-8; H, 5-8%), Amax, 257 my (log ¢ 4-05) [acylurea, 
colourless prisms, m. p. 160—162° (Found: N, 12-1. C,,H,,N,O, requires N, 12-3%)]. The 
acid with dilute sulphuric acid gave a white solid, possibly the trimer of 2-indenylacetic acid, 
compact prisms (from aqueous ethanol), m. p. 228—230° (Found: C, 75-2; H, 6-2%; M, 506. 
Cy3H 90, requires C, 75-8; H, 58%; M, 522). 

Thanks are expressed to the Colombo Plan Organisation, Government of East Pakistan, 
for the award of a grant (to H. A.). 
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2 Thiele and Biihner, Annalen, 1906, 347, 266. 
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Colton, Levitus, and Wilkinson. 


806. Some Complex Compounds of Rhenium.* 
By R. Cotton, R. Levitus, and G. WILKINSON. 


Complexes have been obtained from rhenium trichloride and rhenium 
tetraiodide with a variety of phosphorus, nitrogen, sulphur, and oxygen 
ligands. 


CoMPARATIVELY few complexes of rhenium in the Iv, 111, and I oxidation states have been 
prepared. The halide complexes of the types [ReCl,]~ and [ReCl,]*~ are well known.'? 
When rhenium trichloride and tribromide dissolved in liquid ammonia they formed com- 
pounds which were thought * to be ammoniates, ¢.g., ReCl,,6NH;. Nyholm and his 
colleagues * have prepared diarsine derivatives of Re(111) of the type [Re(Diarsine),Cl,]C1O,, 
and a 5-co-ordinate compound, Re(Diarsine)Cl,, has also been mentioned. A complex 
hexacyanide of Re(i11) is also known.* Since our work began the preparation of tri- 
phenylphosphinerhenium trichloride and _bis(triphenylphosphine)rhenium _ trichloride 
reported here was briefly reported by others.?_ The only complexes of Re(I) known are 
the two series of carbonyl halides of the types Re(CO),Cl® and [Re(CO),Cl],,° other sub- 
stituted carbonyl compounds, and the complex cyanide K,Re(CN),.™ 

This paper is the first of a series to be concerned with complexes of rhenium in various 
oxidation states, and here we describe the preparation of a range of different types of 
compound by reaction of the trichloride and tetraiodide with various donor ligands. 
Compounds have been obtained with phosphorus, nitrogen, sulphur, and oxygen ligands. 
In many cases starting from rhenium trichloride the compounds appear to be polymeric, 
presumably with chlorine bridges, but a series of 5-co-ordinate Re(111) complexes has been 
prepared which are monomeric and soluble in most organic solvents. 

Phosphorus Ligands.—Rhenium trichloride and triphenylphosphine yield two products. 
When acetone solutions are mixed, reddish-purple crystals of triphenylphosphinerhenium 
trichloride, (PPh,)ReCl,, are quickly deposited, since the complex is only sparingly soluble 
in organic solvents. The residual red solution contains bis(triphenylphosphine)rhenium 
trichloride (PPh,),ReCl,, which is soluble in many organic solvents. It is rather difficult 
to obtain good yields of the latter compound by this reaction and it is best made by treating 
a suspension of triphenylphosphinerhenium(t11) trichloride in acetone with chlorine in the 
presence of excess of triphenylphosphine. The solution rapidly reddened and bis(tri- 
phenylphosphine)rhenium(m1) trichloride was obtained almost quantitatively. It is 
surprising that a reaction involving chlorine yields a new complex with rhenium in the 
same valency state, but this can be explained by assuming that the chlorine oxidises the 
PPh,ReCl, to an unstable Re(iv) diphosphine complex which then spontaneously loses 
chlorine to give the observed product. 

This behaviour is in agreement with the observations of Freni e¢ al.? who prepared 
(PPh,),ReCl, by the action of the phosphine and hydrogen chloride on per-rhenic acid in 
alcohol. It is known that halogen acids normally reduce Re¥™ only to Re'Y (owing to the 


* Cf. Colton and Wilkinson, Chem. and Ind., 1959, 1314; Colton, Levitus, and Wilkinson, Nature, 
1960, 186, 233. 


1 Geilmann and Wrigge, Z. anorg. Chem., 1935, 228, 144. 

2 Enk, Ber., 1931, 64, 791. 

* Klemm and Frischmuth, Z. anorg. Chem., 1937, 280, 209. 

* Curtiss, Fergusson, and Nyholm, Chem. and Ind., 1958, 625. 

5 Nyholm, 10th Solvay Conference, 1956, p. 225. 

* Colton, Peacock, and Wilkinson, J., 1960, 1374. 

? Freni and Valenti, XVIIth Internat. Congr. Pure Appl. Chem., Munich, 1959, Abs. A 1057. 
* Schulten, Z. anorg. Chem., 1939, 248, 145. 

® Abel, Hargreaves, and Wilkinson, J., 1958, 3149. 

'© Hieber and Fuchs, Z. anorg. Chem., 1942, 248, 269. 
*t Abel and Wilkinson, J., 1959, 1506. 

™ Clauss and Lissner, Z. anorg. Chem., 1958, 297, 300. 
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formation of ReX,?~ ions) }* but in this case some unstable Re'Y—phosphine complex must 
be formed which decomposes to a Re™ complex. Possible reaction schemes are: 


ReCl, + PPh, ——® PPh,Re™Cl, ——w (PPhg),Re™Cl,? 


ee | 


HReO, — H,Re!VCl, — (PPhy)gReMCI, 


Triphenylphosphinerhenium trichloride forms purple-reddish crystals which dissolve 
slightly in acetone, alcohol, and nitrobenzene; it is monomeric and is a non-electrolyte in 
nitrobenzene. The complex is diamagnetic and may thus be regarded as showing the 
rather unusual d*s tetrahedral hybridisation, as was suggested for the [ReCl,}~ ion5 It 
reacts easily with pyridine at room temperature to give the corresponding green pyridine 
complex, pyReCl, (see below). 

Bis(triphenylphosphine)rhenium trichloride is a red solid very soluble in alcohol and 
fairly soluble in acetone and nitrobenzene, in which it is a non-electrolyte. It is dia- 
magnetic, monomeric, and appears to contain 5-co-ordinate rhenium. The fact that it 
is diamagnetic implies that the structure is trigonal bipyramidal (d*sp) (I) rather than 

Pa square pyramidal, since ligand-field considerations * for the two cases 
| PPh, indicate that only the bipyramidal form (level order d,, = dy.; da_ y= 
PPh; —>Re 


Sc d,,; d,s) would lead to a diamagnetic complex with Re™ (d*). Although 
bs we cannot be specific concerning the relative positions of the groups in 
(1) (I), it seems likely, in view of the orbitals available for multiple bonding, 


that the phosphine groups are in the equatorial plane of the molecule. 

Polarographic reduction of bis(triphenylphosphine)rhenium trichloride in absolute 
ethanol has been studied with 0-3M-tetramethylammonium chloride as the supporting 
electrolyte (Table 1). The polarogram showed two waves of relative heights 1:3. The 
first wave, with a half-wave potential of —0-46 v, probably corresponds to reduction to 
bis(triphenylphosphine)rhenium dichloride (PPh,),ReCl,, as has been demonstrated 
chemically by Freni e¢ al.” using hydrazine hydrochloride as the reductant. If this is so 
the second wave (E, ca. —1-45 v) must correspond to a three-electron reduction to Re(—1). 
It is noteworthy that the high reduction potential of this second wave corresponds very 
closely to that observed when other rhenium compounds are reduced polarographically 
to Re(—1) (¢.g., KReO, in KCl, Ey = —1-55 v; K,[{Re(CN),] in KCl, EF, = —1-52 v).8 
The ratio of the heights of the waves is constant at different concentrations, virtually 
ruling out the possibility that the second wave is a catalytic one. 

The visible absorption spectrum of (PPh,),ReCl, shows a peak at 750 my (« ca. 2000) 
which was observed in all the 5-co-ordinate complexes where the spectrum could be studied 
(see below); this band appears to be characteristic of 5-co-ordinate Re(r11). 


TABLE 1. Polarographic reduction of (PPh,),ReCl, im absolute alcohol 
(0-3M-Me,NCI as supporting electrolyte). 
First wave Second wave 


First wave Second wave First wave Second wave 


Concn. ig ta Concn. ig ta Concn. ta ta 
(mM) (pA) a/c (pA) talc (mm) (mA) ia/c (wa) talc (mm) (wa) ta/c (wa) talc 
707 6 0-85 — a 3-90 32 0-82 93 2-4 3-04 26 0-85 7:4 2-45 
568 082 — os 3-1 0-80 26 0-85 


Although we have been unable to isolate (PPh,),ReCl,, yet with rhenium tetraiodide 
triphenylphosphine gives purple crystals of bis(triphenylphosphine)rhenium tetraiodide. 
The compound is paramagnetic and only very slightly soluble in solvents such as acetone 
and alcohol. 

18 Briscoe, Robinson, and Rudge, J., 1936, 3218. 


4 Figgis and Lewis, ‘‘ Modern Co-ordination Chemistry,”” Lewis and Wilkins, Editors (Interscience 
Publishers, London and New York, 1960), p. 422. 
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We have also studied the reaction between rhenium trichloride and tri-n-butylphosphine 
and phosphorus trichloride. Products similar to bis(triphenylphosphine)rhenium tri- 
chloride are obtained, being red, organic-soluble substances, but we have been unable to 
purify them adequately by crystallisation and analyses were unsatisfactory. 

Nitrogen Ligands.—The complexes appear to be of several types: (a) The highly in- 
soluble and presumably polymeric products of stoicheiometry Re,Cl,L obtained by direct 
reaction of rhenium trichloride with 1,10-phenanthroline and 2,2’-bipyridy] are diamagnetic. 
The simplest unit structure (since the two nitrogen atoms must occupy cis-positions) is 
(II), but polymeric structures, perhaps of the type (III), [where Re(1) is octahedrally 
co-ordinated, since octahedral Re(111) would lead to paramagnetism] are possible in view 
of the insoluble nature of the complexes. In any formulation rhenium atoms in both 1 
and 11 oxidation states must be present. It is well known that complexes containing 
mixed valency states are highly coloured, and these rhenium complexes are deep purple. 

The Re(11) atom presumably has d*s hybridisation as is found in other tetrahedral 
Re(111) complexes. The Re(I) atom (d*) cannot be d*s, and sf* hybridisation would lead 
to paramagnetism. The other likely possibilities are (i) that for the single unit (II) it is 
square planar [the only reported square planar complex is for Re(I1) in Re(py),Cl,],?® or 
(ii) that, in view of the polymeric structure, it is octahedral owing to further donation 
from chlorine atoms attached to Re(I11) atoms in other units of the complex; the Re(1m) 
atom cannot be octahedral as this would lead to paramagnetism. 

There is further indirect evidence that a lower oxidation state of rhenium is present 
in the above compounds since when suspended in acetone at room temperature they are 
smoothly oxidised by chlorine to 5-co-ordinate Re(111) complexes such as phenReCl,, of 
the same type as (I). These complexes show a visible absorption band at 750 my, very 
similar to that shown by bis(triphenylphosphine)rhenium(11) trichloride. 
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e") denotes |,!0-phenanthroline 


Kn or 2,2’-bipyridyl. 


Similarly, the complexes are red, very soluble in alcohol, and moderately soluble in 
acetone, chloroform, and nitrobenzene. They are diamagnetic, non-conductors in nitro- 
benzene, and appear to be true 5-co-ordinate complexes. The arguments cited above for 
the bipyramidal rather than the square pyramidal structure apply equally in this case. 

(6) With quinaldine a purple complex is obtained with stoicheiometry Re,Cl,(quin). 
It is insoluble in water and contains no ionic chlorine. It is paramagnetic with a room- 
temperature susceptibility approximating to one unpaired electron. Again, the complex is 
insoluble in organic solvents, _and no conductometric measurements of molecular weights 
in solution could be effected.” The structure may be of the type (IV), but there is no way 
of distinguishing between sf? or dsp hybridisation for the Re(11) atom. In addition there 


* Colton, Dalziel, Griffith, and Wilkinson, J., 1960, 71. 
® Tronev and Bandin, Doklady Akad. Nauk S.S.S.R., 1952, 86, 87. 
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is also the possibility of a polymeric structure (cf. III); in any case one unpaired electron 
would be expected. 

(c) With other amines, complexes of the types Re,Cl,L, (-picoline) and Re,Cl,L 
(2,6-lutidine, 2-vinylpyridine, and triethylenetetramine) were obtained. These were very 
slightly soluble in water and contained ionic chlorine, but the fraction of ionisable chlorine 
is not easy to determine since the cation is quite rapidly hydrolysed by water to hydrated 
rhenium(111) oxide and chlorine ions, as is well known for the trichloride itself. As a result 
only total chlorine was determined. 

(d) Pyridine seems to be the only amine so far studied which gives mononuclear species 
from the trichloride. The reaction is similar to that described for triphenylphosphine, 
The red solution obtained by allowing a solution of rhenium trichloride in acetone to stand 
with pyridine contains some dipyridinerhenium trichloride, (py),ReCl,. Precipitation with 
ether, however, always gives some unchanged rhenium trichloride mixed with the product. 
When warmed, the solution becomes green and a pale green, sparingly soluble pyridine- 
rhenium trichloride can be precipitated with ether. As mentioned above, this compound 
can also be prepared by treating triphenylphosphinerhenium trichloride with pyridine. 

Pyridine reacts with an acetone solution of rhenium tetraiodide to give brown para- 
magnetic crystals of dipyridinerhenium tetraiodide, (py),ReI,. Like the corresponding 
triphenylphosphine complex it is only slightly soluble in organic solvents. 

Sulphur Ligands.—With 3,4-dimethylthiotoluene an insoluble complex of the same type 
as those obtained from 1,10-phenanthroline and 2,2’-bipyridyl was readily obtained. 

Reaction of 1,2-dimethylthioethane with rhenium trichloride, on the other hand, gave 
an organic-soluble, red, diamagnetic complex LReCl,, which again is clearly 5-co-ordinate 
(cf. I). 

Oxygen Ligands.—Rhenium trisacetylacetonate was prepared by refluxing either the 
hydrated Re(1m) or Re(Iv) oxide, or several of the halide complexes mentioned above, 
e.g., pyReCls, with acetylacetone. The compound forms dark brown crystals soluble in 
alcohol, acetone, and chloroform and slightly soluble in carbon tetrachloride. It is para- 
magnetic and no nuclear magnetic proton resonance lines could be obtained owing to 
excessive broadening. Between room temperature and 130°K the effective magnetic 
moment varies linearly with temperature from 2-33 to 1-90 B.M., probably on account of 
ferromagnetic interactions. The low moment for octahedral d* complexes (spin-only 
value 2-83 B.M.) has been explained by Kotani !” in terms of spin-orbit coupling, and his 
theory has been applied to other octahedral Re(111) complexes. 

The infrared spectrum of rhenium trisacetylacetonate is similar to the spectra of other 
metal trisacetylacetonates,!* the strong band at about 1550 cm. being attributable to 
the chelated carbonyl group. 


EXPERIMENTAL 


Microanalyses and molecular-weight determinations were made by the Microanalytical 
Laboratory, Imperial College. 

Rhenium trichloride was prepared by the usual method of chlorinating metallic rhenium 
and thermally decomposing the resulting pentachloride in a stream of nitrogen. Rhenium 
tetraiodide was made by evaporating a solution of per-rhenic acid and hydriodic acid.” 

None of the compounds described below has a sharp m. p. and they all decompose above 
ca. 150°. 

Phosphorus Ligands.—(a) Triphenylphosphinerhenium trichloride. An acetone solution of 
triphenylphosphine (0-6 g. in 25 ml.) was slowly added to one of rhenium trichloride in acetone 
(0-3 g. in 25 ml.). After a few minutes the red solution [which contains some bis(triphenyl- 
phosphine)rhenium trichloride] was decanted and the remaining reddish-purple crystals were 


Kotani, J. Phys. Soc. Japan, 1949, 4, 293. 

'® Cotton, in ref. 14, p. 382 

‘© Geilmann and Wrigge, x anorg. Chem., 1933, 214, 244. 
2© Peacock, Welch, and Wilson, J., 1958, 2901. 
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washed with acetone and ether and finally dried (yield 0-35 g., ca. 60%, based on rhenium 
trichloride) (Found: C, 40-5; H, 3-2; P, 5-3; Cl, 19-4. C,,H,,Cl,PRe requires C, 39-7; H, 2-8; 
P, 5:7; Cl, 19-5%). 

(b) Bis(triphenylphosphine)rhenium trichloride. Chlorine was passed into a suspension of 
PPh,ReCl, (0-2 g.) in acetone for about $ hr., in the presence of excess of triphenylphosphine 
(ca. 0-3 g.). The red compound was precipitated with ether and recrystallised from acetone 
(yield 0-24 g., ca. 85%) [Found: C, 52-5; H, 4-1; Cl, 13-1%; M (ebullioscopic in chlorobenzene), 
780. CsgH 9Cl,P,Re requires C, 52-8; H, 3-6; Cl, 13-0%; M, 817). 

(c) Bis(triphenylphosphine)rhenium tetraiodide. An acetone solution of triphenylphosphine 
(0-2 g. in 20 ml.) was added to one of rhenium tetraiodide in acetone (0-1 g.in 10 ml.)._ The purple 
crystals were washed with acetone, then ether, and dried in a nitrogen stream; yield 0-2 g., 
ca. 95% (Found: Re, 15-1. CggH g9I,P,Re requires Re, 15-3%). 

Nitrogen Ligands.—(a) 1,10-Phenanthrolinedirhenium tetrachloride and 1,10-phenanthroline- 
rhenium trichloride. Excess of 1,10-phenanthroline (ca. 0-15 g.) in acetone (10 c.c.) was slowly 
added to rhenium trichloride (0-1 g.) in hot acetone (25ml.). The purple precipitate (phen) Re,Cl, 
was centrifuged off, washed with acetone and ether, and dried in a nitrogen stream (yield 
ca. 0-1 g., 95%) (Found: C, 20-1; H, 1-7; N, 4-1; Cl, 19-8. C,,H,Cl,N,Re requires C, 20-7; 
H, 1-1; H, 4:0; Cl, 20-4%). 

A suspension of (phen) Re,Cl, (0-1 g.) in acetone (10 ml.) was oxidised with chlorine for about 
} hr. in the presence of excess of 1,10-phenanthroline (ca. 0-15 g.). The resulting red, soluble 
complex, (phen) ReCl;, was precipitated with ether and recrystallised from acetone (yield 0-11 g., 
ca. 85%) (Found: C, 30-4; H, 1-7; N, 5-9; Cl, 22-5%; M (ebullioscopic in chlorobenzene), 
445. C,,H,Cl,N,Re requires C, 30-3; H, 1-7; N, 5-9; Cl, 22.4%; M, 472]. 

(b) 2,2’-Bipyridyldirhenium: tetrachloride and 2,2'-bipyridylrhenium trichloride. The pre- 
parations with 2,2’-bipyridyl were (mutatis mutandis) identical with those described for 1,10- 
phenanthroline. 

(c) With quinaldine, «-picoline, 2-vinylpyridine, triethylenetetramine and 2,6-lutidine the 
techniques were identical. The amine in acetone was added to an acetone solution of rhenium 
trichloride. The insoluble purple precipitates were washed with acetone and ether and dried 
in a stream of nitrogen. The yields in all cases were 85—90%. Analogues of the products 
are tabulated. 








Found (%) Required (%) 
c H N a os H N car 
ReCl,(quin)......... 17-4 2-0 2-2 25-1 17:3 1-3 2-0 25-6 
Re,Cl,(«-pic) ....-. 18-7 2:5 3-5 27-2 18-7 1-8 3-6 27-6 
Re,Cl,(2,6-lut) ... 127 2-0 2-1 30-5 12-1 1-4 2-0 30:8 
Re,Cl,(trien) ...... 9-4 2-9 7-1 28-1 9-8 2-5 7:6 28-7 
Re,Cl,(2-vinyl-py) 12-0 1-5 2-0 om 12-2 11 2-0 = 


The susceptibility of the quinaldine complex is 600 x 10-* c.g.s.u. at 293° K; pen, = 1-2 B.M. 


(d) Pyridinerhenium trichloride. Pyridine (ca. 2 ml.) was added to rhenium trichloride 
(0-2 g.) in hot acetone (25 ml.). After a few minutes ether was added to the red solution and 
a precipitate containing dipyridinerhenium trichloride was obtained. If the red solution was 
gently warmed it became green and on addition of ether the light green pyridinerhenium tri- 
chloride was precipitated (yield 0-2 g., ca. 65%) (Found: C, 16-1; H, 1-5; N, 3-8. C,;H,ClsNRe 
requires C, 16-1; H, 1-3; N, 3-8%). 

(e) Dipyridinerhenium tetraiodide. Pyridine (ca. 2 ml.) was added to rhenium tetraiodide 
(0-1 g.) in acetone (10 ml.). The small amount of precipitate was filtered off and after a few 
minutes brown paramagnetic crystals were deposited. The supernatant liquid was decanted 
and the crystals of complex were washed with acetone and ether and dried in a nitrogen stream 
(yield 0-11 g., ca. 85%) (Found: Re, 21-8; C, 14-6; N, 3-4; H, 1-0. C,,H,I,N,Re requires 
Re, 21-9; C, 14:2; N, 3-3; H, 1-2%); x (corr.) = 5600 x 10% c.g.s.u. at 293° K; pee = 3-7 
B.M. 

Sulphur Ligands.—(a) 3,4-Dimethylthiotoluene. The sulphide (0-2 g.) in acetone (10 ml.) was 
added to rhenium trichloride (0-2 g.) in hot acetone (25 ml.). The purple precipitate of a complex 
LRe,Cl, was centrifuged off, washed with acetone and ether, and dried in a stream of nitrogen 
(yield 0-23 g., ca. 90%) (Found: C, 15-3; H, 2-0; S, 9-7. C,H,,Cl,Re,S, requires C, 15-4; H, 
1-3; S, 94%). 
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(b) 1,2-Dimethylthioethane. Addition of an excess of 1,2-dimethylthioethane (5 c.c.) to 
rhenium trichloride (0-2 g.) in acetone (20 ml.) gave, after 1 hour’s refluxing, a light red solution, 
Addition of ether gave a red precipitate of the complex which was recrystallised from acetone 
(yield 0-2 g., ca. 65%) (Found: C, 11-5; H, 2-3. C,H, ,Cl;ReS, requires C, 11-6; H, 2-4%), 

Rhenium Trisacetylacetonate.—Rhenium dioxide or sesquioxide (ca. 0-4 g.) was refluxed with 
acetylacetone (ca. 50—60 ml.) for 48 hr. The brown solution was filtered to remove remaining 
oxide, then evaporated to dryness at 0-1 mm. The brown solid was dissolved in the minimum 
amount of acetone and reprecipitated by adding a large amount of ether (50 ml.). The 
flocculent brown complex was centrifuged off and recrystallised from acetone (yield 0-5 g,, 
ca. 60%) (Found: C, 36-7; H, 3-7; O, 20-1; Re, 38-9%; M (ebullioscopic in chlorobenzene), 
471. C,,H,,0O,Re requires C, 36-0; H, 4-3; O, 19-7; Re, 38-3%; M, 484]. At the given tem- 
peratures, the susceptibilities (corrected, in c.g.s.u. x 10°) and values of peg, are, respectively: 
293-8°, 2220, 2-33; 267-4°, 2290, 2-26; 233-0°, 2530, 2-24; 207-3°, 2660, 2-14; 169-0°, 2970, 
2-03; 130-5°, 3370, 1-90. 

Physical Measurements.—The infrared spectrum of rhenium trisacetylacetonate was recorded 
in a Perkin-Elmer model 21 double-beam infrared spectrophotometer with sodium chloride 
optics for a Nujol mull. Magnetic measurements were made by the Gouy method; suscepti- 
bilities are corrected for diamagnetism of ligands.*4 Conductivity measurements were made 
in anhydrous nitrobenzene with a type E7566 Mullard bridge; visible spectra were recorded 
by using a Unicam S.P. 500 spectrophotometer. 

The polarographic reduction of bis(triphenylphosphine)rhenium trichloride was made by 
using a Tinsley 19/2 recording polarograph. 

Rhenium Analyses.—The complexes were oxidised by fusing them with sodium hydroxide 
and peroxide and extracting the melt with water. The rhenium content was then determined 
spectrophotometrically by the furil «-dioxime method.”* 


The authors thank Johnson, Matthey and Co. Ltd. for the loan of rhenium metal, the 
Atomic Energy Authority, Harwell (R. C.), and the Consejo Nacional de Investigaciones 
Cientificas y Técnicas of the Argentine Republic (R. L.) for financial support. 
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21 Selwood, ‘‘ Magnetochemistry,” Interscience Publ. Inc., New York 1956. 
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807. Mixed Halides of Phosphorus(v). Part III. Tetrachloro- 
phosphonium Pentachlorofluorophosphate. 


By T. Kennepy and D. S. PAyne. 


The preparation of [PCl,]*[PCl,F]~ by the decomposition of [PCl,]*[PF,]~ 
in carbon tetrachloride is described. 


THE preparation of molecular chlorofluorophosphoranes and their corresponding ionic 
forms has been achieved by addition of halogen to phosphorus(11) halides }}? and by partial 
substitution of fluorine for chlorine in phosphorus(v) halides, a suitable fluorinating 
agent and solvent system being used.* Disproportionation of the resulting dichlorotri- 
fluorophosphorane and tetrachlorophosphonium hexafluorophosphate can Jead to further 
members of the series, and it is largely this aspect of the subject with which the present 
paper deals. 

Pyrolysis of dichlorotrifluorophosphorane was reported by Moissan* to proceed at 
200°c according to the scheme 5PCI,F, —» 2PCl, + 3PF;; in fact, however, above 150° 
it gives tetrachlorofluorophosphorane and phosphorus pentafluoride. Although this 

1 Part II, Kennedy and Payne, J., 1959, 1228. 

* Booth and Bozarth, J. Amer. Chem. Soc., 1933, 55, 3890; 1939, 61, 2927. 


3 Kolditz, Z. anorg. Chem., 1956, 284, 144. 
* Moissan, Ann. Chim. Phys., 1885, 6, 433, 438. 
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appears an obvious route for the preparation of tetrachlorofluorophosphorane, it is not 
so, since the reaction is complicated, first, by combination of the molecular PC1,F with 
PF, to give tetrachlorophosphonium hexafluorophosphate and, secondly, by the change 
of the molecular PC1,F into the ionic tetrachlorophosphonium fluoride; and the reaction 
is further complicated by an attack on the glass of the apparatus by phosphorus—fluorine 


TABLE 1. Mass spectrum of [PCl,]*([PC),F]~ vapour at 50 ev. 


Mass nos. (obs.) Assignment Mass nos. (calc.) Mass nos. (obs.) Assignment Mass nos. (calc.) 
pe 31 152—156 P,C1,F* - 151—155 
Ci* 35, 37 166—173 PCi,* 171—179 
PCI* 66, 68 183—186 P,Cl,Ft 186—192 
PCIF* 85, 87 258—266 P,Cl,Ft 256—266 
PCl,* 101—105 280—290 P,Cl,Ft 291—303 
P,CIF* 116, 118 305—318 P,C1,Ft 326—340 
P,Cl,* 132—136 358—376 P,Ci, Ft 361—377 
136—140 PCl,* 136—142 


compounds. Pyrolysis of tetrachlorophosphonium hexafluorophosphate in arsenic tri- 
chloride solution yields tetrachlorophosphonium fluoride and phosphorus pentafluoride,® 
but further examination of this reaction under different conditions has led to the recognition 
of other products. For example, when the hexafluorophosphate is heated alone at 100° 
under reduced pressure, the product is dichlorotrifluorophosphorane, although again the 
reaction is complicated by attack on the glass, which results in the formation of silicon 
fetrafluoride, phosphoryl trifluoride, phosphoryl chlorodifluoride, etc. The action of heat 
on tetrachlorophosphonium hexafluorophosphate suspended in boiling carbon tetra- 
chloride led to phosphorus pentafluoride and dichlorotrifluorophosphorane; a white 
residue remained which gave an X-ray powder photograph containing lines corresponding 
to tetrachlorophosphonium fluoride along with a number of unidentified lines. Sublim- 
ation in dry air at 80—85° removed the tetrachlorophosphonium fluoride completely, 
leaving a residue of composition PCl,;F5.,. The appearance and the mode of formation 
of this substance suggested an ionic nature, and a dimeric formula P,C],F seemed likely. 
A mass-spectrometric examination of the vapour gave the results shown in Table 1 (in a 
previous publication * P,Cl,F was incorrectly included amongst the list of species assigned 
to peaks found). 

The presence of an obvious series of ion species derived from a parent P,C],F unit 
supported the dimeric formulation, although it was difficult to reconcile the occurrence 
of these units in the vapour phase with the idea of an essentially ionic structure. However, 
phosphorus pentachloride (tetrachlorophosphonium hexachlorophosphate) likewise gave 
a mass spectrum with a series of species originating from a P,Cl,,) parent. In this case 
there was no doubt that the solid in fact consisted of PCl,* and PC],~ units. The detail 
of these molecular species is a subject for speculation and further work, but a chlorine 
bridge involving dx—px bonding leading to two octahedrally connected phosphorus atoms 
seems most likely. Association has been observed previously in the case of phosphorus 
pentachloride in carbon tetrachloride, although no details of the actual species involved 
are available.’ 

The molar conductance of P,Cl,F in acetonitrile solution at 20° is 72-21, 68-53, and 
66-13 ohm cm.? mole™ at 0-0227, 0-0433, and 0-0685 mole 1.1, respectively. The values 
lie between those of phosphorus pentachloride and of tetrachlorophosphonium hexafluoro- 
phosphate, at comparable concentrations. Two probable ionic formulations may be 
written for the compound P,CI,F; the first involves a fluorine-containing cation PCl,F* 
and the hexachlorophosphate anion, the other a fluorine-containing anion PCl,F~ with 
the tetrachlorophosphonium cation. Kolditz and Feltz ® reported the related compound 


5 Kolditz, Z. anorg. Chem., 1956, 286, 307. 

* Kennedy, Payne, Reed, and Snedden, Proc. Chem. Soc., 1959, 133. 
? Kolditz and Hass, Z. anorg. Chem., 1958, 294, 191. 

§ Kolditz and Feltz, Z. anorg. Chem., 1957, 298, 286. 
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P,Cl,Br which has been formulated as [PCIl,]*[PCI],Br]~. Quantitative electrolysis of an 
acetonitrile solution of P,ClyF showed the presence of phosphorus and fluorine in the anion, 
the value for the transport number being close to 0-5, thereby confirming the compound 
as tetrachlorophosphonium pentachlorofluorophosphate, [PCI,]*[PC1,F]~. 

P,CI,F is stable up to 110° in the solid phase, but above this temperature disproportion- 
ation to phosphorus pentachloride and tetrachlorofluorophosphorane occurs, followed as 
the temperature is raised by dissociation of these compounds into chlorine and the corre- 
sponding trihalide. Data on these dissociations, obtained from pressure—temperature 
studies, lead to values of the equilibrium constant for the dissociation PCl,F(g)= = 
PCI,F(g) + Cl,(g) as shown in Table 2. A plot of logy, Ky (mm.) against 1/7 (°K) is linear, 


TABLE 2. logy, Kp for PCl,4F == PCL,F + Cl, as a function of temperature. 


133-8 148-0 163-5 182-3 193-5 212-5 
logy) K, (mm.) —0-6120 — 0-6630 +0-1701 +0-4060 +0-7593 + 0-9393 


giving a value of 11 kcal. mole“! for AH. This compares with a value of 22 kcal]. mole for 
the thermal dissociation of phosphorus pentachloride. 


EXPERIMENTAL 


Volatile materials were handled throughout in vacuo, and non-volatile materials in a glove-box 
filled with dry nitrogen. Precautions were taken at every stage to exclude moisture. Samples 
of dichlorotrifluorophosphorane were prepared as described in Part II of this series,! and tetra- 
chlorophosphonium hexafluorophosphate as described by Kolditz.* Infrared examinations 
were made by using a gas cell of 10 cm. path length with sodium chloride windows. Chloride 
and phosphorus analyses were carried out by standard methods. Fluoride was determined by 
the method of Popov and Knudson,® modified in small details only. The halide was first 
dissolved in acetonitrile, and the resulting solution was then treated with an excess of aqueous 
sodium hydroxide. Before proceeding with the addition of the perchloric acid and the distil- 
lation, the solution was evaporated to dryness. The lanthanum fluoride was separated by filtra- 
tion, and the excess of lanthanum determined with the aid of cupferron. The method, including 
the addition of acetonitrile and sodium hydroxide and the evaporation to dryness, was checked 
by using a mixture of phosphate and fluoride in the ratio and amount to be expected in the 
actual analysis. Results agreed within 1%. 

Pyrolysis of Dichlorotrifluorophosphorane.—Samples (4-0—4-5 mmoles) were sealed in an 
all-glass pressure-measuring system with a volume of ca. 300 ml. The whole apparatus was 
placed in an oil-filled thermostat, controlled to +0-5°. Observations were made of the variation 
of pressure with temperature. The equilibrium was rapidly attained (within 30 min.) when all 
the material was in the gaseous phase; however, when a solid phase was present it was usually 
necessary for a longer time (2—5 hr.) to elapse before pressure measurements could be recorded. 
At the conclusion of an experiment the contents of the apparatus were examined—solids by 
analysis and X-ray powder photography, and volatile matter by analysis, molecular-weight 
determination, and infrared and mass spectroscopy. In a typical experiment (see Figure) a 
sample of pure dichlorotrifluorophosphorane was sealed in the apparatus and heated to 140°. 
Up to this temperature no change occurred, the pressure variation following the Charles’s law 
line, ab. Above 140° an irreversible change occurred (line bc). On cooling from 210° (line 
cdef) the pressure fell linearly, but below 120° (point d) more rapidly, and at 70° a white solid 
was seen in the apparatus. On reheating, the pressure increase followed the line fgdc, and on 
cooling thereafter the pressure fell almost as before, along the line cdef. The fact that there 
was a slight difference (average value = +2—3 mm.) between the two descending-pressure 
curves is probably due to the reaction which occurs at the higher temperatures between 
phosphorus pentafluoride and glass, giving silicon tetrafluoride and phosphoryl fluoride. The 
broken line in the Figure shows the pressure calculated for the decomposition products according 
to Moissan; * in practice, the data can be best interpreted by assuming a mixture of phosphorus 
oxyfluoride and pentafluoride with tetrachlorofluorophosphorane and silicon tetrafluoride, the 


* Popov and Knudson, Analyt. Chem., 1954, 26, 892. 
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mixed halide undergoing thermal dissociation to dichlorofluorophosphine and chlorine. In the 
typical experiment outlined above, 1-05 mmoles of dichlorotrifluorophosphorane initially 
present were transformed into 0-566 mmole of volatile products of average molecular weight 
125-8. This mixture consisted of 0-258 mmole of phosphoryl] fluoride, 0-129 mmole of silicon 
tetrafluoride, 0-129 mmole of tetrachlorofluorophosphorane, and 0-051 mmole of phosphorus 
pentafluoride. On the basis of this gas mixture the solid should have consisted of 0-180 mmole 
of tetrachlorophosphonium fluoride and 0-216 mmole of tetrachlorophosphonium hexafluoro- 
phosphate, which was confirmed by a complete analysis of the solid. 

Pyrolysis of Tetrachlorophosphonium Hexafluorophosphate—A sample (3-5 mmoles) was 
sealed in vacuc in an all-glass pressure-measuring system (volume ca. 300 ml.), and the whole 
apparatus immersed in an oil-filled thermostat. Below 100° the pressure was only a few mm. 
of mercury. Above this temperature the solid vaporised and thereafter the system behaved 
as the dichlorotrifluorophosphorane already described. Molecular weights calculated from the 
pressure data in the range 100—150°, i.e., before breakdown of dichlorotrifluorophosphorane 
at 150°, gave values of 160-7, 160-6, and 157-8 (Calc. for P,Cl,F,, 317-8; for PCl,F;, 158-9). 

Tetrachlorophosphonium hexafluorophosphate (37-3 g., 117-3 mmoles), heated in 38 ml. of 
boiling carbon tetrachloride for 8 hr., evolved phosphorus pentafluoride and dichlorotrifluoro- 
phosphorane. The remaining white solid, after separation by filtration, was dried in vacuo and 
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then heated in dry air at 80—85° for several hours. Tetrachlorophosphonium fluoride present 
in the solid, together with any residual carbon tetrachloride, was removed by this treatment, 
which was continued until the X-ray powder diagram of the solid no longer showed the lines 
characteristic of the contaminant. Analysis of the resulting white solid gave Cl, 79-6, 80-8; 
P, 15-6, 15-8; F, 4-6, 46% (PCl,.;Fo., requires Cl, 79-8; P, 15-5; F, 4:7%). 

Examination of P,Cl,F.—Electrolytic conductance and transport experiments were carried 
out in purified acetonitrile by methods described previously.” A Metrovic MS2 instrument 
was used for the mass spectrometry, samples being examined at room temperature at an ionisa- 
tion potential of 50 ev. X-Ray powder photographs were obtained with the sample enclosed 
in a thin-walled Pyrex capillary, an 11-45 cm. camera and Cu-K, radiation being used with 
exposure times of 15—20 hr. Lines were observed at 6/2 values of 7-80m, 9-4lvs, 9-56w, 
11-4lm, 12-35m, 13-20m, 13-94w, 15-59g, 16-36s, 16-87m, 18-62m, 19-95m, 22-04m, 23-42w, 
24-90w, 25-62w, 28-90m, 29-40w. 


TABLE 3. Molecular weight of P,Cl,F in vapour phase (calculated for P,ClgF 400-5). 
Temp. 109-0° 122-8° 133-8° 148-0° 163-5° 182-3° 193-5° 212-5° 197-1° 171-5° 153-5° 136-3° 112-0° 
M ... 1984 185-7 176-0 166-6 155-3 143-0 137-6 131-2 135-2 145-4 153-4 162-9 173-1 

Tetrachlorophosphonium pentachlorofluorophosphate (0-33 mmole) was sealed in the all- 
glass pressure-measuring system (volume ca. 300 ml.), and the pressure measured at a series 

© Harris and Payne, J., 1956, 3038. 
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of temperatures up to 220°. Vaporisation was complete at about 110°; the molecular weight 
calculated for the data at this temperature and above is given in Table 3. If it is assumed 
that these values of the molecular weight at different temperatures arise from the breakdown 
of P,Cl,F into phosphorus pentachloride and tetrachlorophosphonium fluoride, and that these 
compounds then undergo thermal dissociation, the equilibrium data for the dissociation of 
tetrachlorofluorophosphorane can be calculated from the pressure—temperature data with the 
aid of published data for the dissociation of phosphorus pentachloride. 


Thanks are offered to Dr. G. Eglinton for assistance with infrared spectra and to Dr. R. I, 
Reed and Dr. W. Snedden for assistance with the mass-spectrometric studies. 
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808. Organometallic Compounds. Part I. The Autoxidation of 
Dialkylzines.* 
By M. H. ABRAHAM. 


The rapid autoxidation of diethyl- and di-n-butyl-zinc is shown to give 
dialkylperoxyzincs, Zn(O-OEt), and Zn(O-OBu®),. Reduction of the dialkyl- 
peroxyzincs by excess of dialkylzinc leads to zinc dialkoxides, which are the 
products of slow autoxidation of the above dialkylzincs. It is suggested 
that autoxidation of an alkylzinc compound gives an alkylperoxyzinc as 
the initial product. 

Co-ordination of oxygen to the zinc atom, and migration of an alkyl 
group from zinc to oxygen, are considered to be the probable mechanism of 
autoxidation. 


TuIs paper is the first of a series which will describe-the autoxidation and other reactions 
of alkylmetals. 

Autoxidation of Dialkylzincs.—Although Lissenko! claimed that autoxidation of 
diethylzinc gave EtZn-OEt, most of the early investigators considered the autoxidation of 
dialkylzincs, in solution or as neat liquids, to give zinc dialkoxides (R = Et,? Pri, C,H, 4): 


R,Zn + O, —B Zn(OR), (1) 


Frankland and Duppa also showed that autoxidation of diethylzinc in ether gave first a 
soluble monoalkoxide, EtZn-OEt, and then the dialkoxide which was precipitated as a 
white solid.2 Although this was formulated as Zn(OEt)., its analysis did not agree with 
this composition and it was suggested that zinc acetate and zinc hydroxide were also 
formed. In addition, Frankland ® noted that the solid exploded when heated. 

Meyer and Demuth * also found that diethylzinc, on autoxidation in ligroin, gave an 
insoluble solid to which, however, they assigned the structure EtZn-O-OEt. The solid 
liberated iodine from potassium iodide and on hydrolysis gave ethy] alcohol and no ethane. 

A solid, Et,ZnO,, considered to be of a peroxidic nature has been obtained ? by vapour- 
phase autoxidation of diethylzinc; more recent work 8 suggests that the main reactions are: 


Et.Zn (g) + 40, —— Et,ZnO (s) 
Et,Zn (g) + O, ——® Et,ZnO, (s) 





Cf. Chem. and Ind., 1959, 750. 
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Frankland and Duppa, Annalen, 1865, 185, 29. 
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The mono- and di-oxide were formed in presence of excess of dialkyl and of oxygen 
respectively. 

Quite recently, Walling and Buckler ® have shown that addition of de-butyteine to 
oxygen-saturated ether at —80° gives 0-96 mol. of peroxide and, since the preliminary 
account of the present work appeared, Hock and Ernst,!® by a similar procedure at 0°, 
have obtained 0-94 and 1-88 mol. of peroxide from n-butylzinc chloride and di-n-butylzinc 
respectively. These peroxides were estimated iodometrically. 

Autoxidation of Organometallic Compounds.—It has been shown that solutions of the 
alkyls of magnesium,® boron," and cadmium ™ on autoxidation give initially a peroxide 
of type M-O-OR. Alkyls of lithium ® and aluminium " also give peroxidic products on 
autoxidation and it seems well established that the initial product of reaction of many 
metal and similar alkyls is a peroxide of this type. It has also been demonstrated that 
peroxides containing the group MO-OR (M = }Mg, 4B) are reduced to alkoxides, MOR, 
by an excess of alkyl-element compound.*™ 

It is thus possible that oxidations and reductions of the above type also occur in the 
autoxidation of dialkylzincs; the present work seeks to investigate such reactions. 

Rapid Autuxidation of Dialkylzincs.—The highest yields of peroxides were obtained by 
crushing ampoules of diethyl- or di-n-butyl-zinc under dry ether continuously saturated 
with oxygen at room temperature. After a few minutes diamagnetic white solids, insoluble 
in aprotic solvents, were deposited, with analyses corresponding to a and 
Zn(O-OBu"),. These were hydrolysed rapidly in moist air. 

Diethylzinc, autoxidised and then hydrolysed, gave 1-93 mol. of peroxide (iodo- 
metrically); similarly, di-n-buty]zinc gave 1-96 mol. of peroxide which was estimated 
(2:00 mol.) and identified by gas-liquid chromatography ™ as n-butyl hydroperoxide. In 
a gas burette, a solution of diethylzinc in anisole absorbed 1-98 mol. of oxygen to give a 
product containing 1-92 mol. of peroxide, and the rapid autoxidation can thus be 
represented as follows (R = Et, Bu*): 


° ° 
RyZn —B~ RZn°O-OR —B Zn(O-OR), (I) 


Although the final products of autoxidation do not evolve alkane on hydrolysis, the 
autoxidised solution, just before precipitation of the solid, is hydrolysed to give both 
peroxide and alkane and no doubt contains the soluble intermediate, RZn-O-OR 
(R = Et, Bu®). 

Slow Autoxidation of Dialkylzincs.—Solutions of diethyl-, di-n-butyl-, and di-t-butyl- 
zinc were allowed to absorb oxygen slowly for several weeks. The products of autoxid- 
ation were again insoluble solids, but on hydrolysis they liberated the corresponding 
alcohol (1-74, 1-55, — mol.) together with small amounts of peroxide (0-20, 0-37, 0-38 mol.) ; 
no alkane was evolved. Slow autoxidation thus gives mainly the zinc dialkoxide (I; 
R = Et, Bu®, Bu‘). The small quantity of peroxide will probably be derived from com- 
pounds of type Zn(OR)-O-OR; analysis of the solid product from di-t-butylzinc corre- 
sponded to a mixture of 0-40Zn(OBu‘)O-OBut and 0-60Zn(OBu*),. 

It thus appears that the initial autoxidation product is the peroxide RZn-O-OR, which 
can react with an excess of oxygen to give Zn(O-OR,) or can be reduced by an excess of 
dialkyl to give RZn-OR. Further similar reactions will lead to Zn(OR), or RO-Zn-O-OR 
or both. 


That alkylperoxyzinc compounds are reduced by dialkylzincs was shown by reaction 


® Walling and Buckler, J. Amer. Chem. Soc., 1955, '77, 6032. 

%® Hock and Ernst, Chem. Ber., 1959, 92, 2716. 

1 Abraham and Davies, /., 1959, 429. 

#2 Davies and Packer, J., 1959, 3164. 

18 Hock, Kropf, and Ernst, Angew. Chem., 1959, 71, 541. 

4 Abraham, Davies, Llewellyn, and Thain, Analyt. Chim. Acta, 1957, 17, 499. 
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of diethylzinc with Zn(O-OEt),. The product was not peroxidic, but on hydrolysis gave 
ethyl alcohol in 94% yield based on the reaction 





From a similar experiment, using di-n-butylzinc and Zn(O-OBu"),, were obtained 0-2 mol, 
of peroxide and 2-44 mol. of the alcohol. The reduction process is thus adequately 
confirmed. 

Hydrolysis of the Autoxidation Products—Alcohols obtained by hydrolysis of the 
dialkoxides (I; R = Et, Bu") were identified both chromatographically and as the 3,5-di- 
nitrobenzoates, but n-butyl hydroperoxide from dibutylperoxyzinc only by its physical 
constants. (Attempts to prepare diperterephthalates from ethyl and n-butyl hydro- 
peroxides were not successful.) However, autoxidation of di-t-butylzinc on a large scale 
gave a mixture of 0-18Zn(OBu*), and 0-82Bu'O-Zn-O-OBu'; on hydrolysis, this mixture 
gave t-butyl hydroperoxide, identified as the triphenylmethyl derivative (0-66 mol.) and 
as t-butyl 3,5-dinitroperbenzoate. The presence of a peroxide bond in the peroxidic 
autoxidation product is thus confirmed. 

Reaction of Diethylzinc with Alcohols and with Hydroperoxides—The dialkyl, when 
hydrolysed with n-butyl alcohol or ethyl alcohol, evolved ethane (2-0 mol.) to give products 
resembling those from the slow autoxidations. Hydrolysis with t-butyl hydroperoxide 
(see ref. 12) resulted in reduction of some peroxide (0-29 mol.) and evolution of ethane 
(1-7 mol.). The peroxidic product closely resembled the products of rapid autoxidation 
in being a white non-volatile solid, insoluble in aprotic solvents. Additional evidence 
for the structure of the products of autoxidation is thus provided. 

Comparison with Previous Work.—Our results suggest that, in the conditions used by 
Frankland and Duppa*®® and by Meyer and Demuth,® the autoxidation of diethylzinc 
would give a mixture of Zn(OEt), and Zn(OEt)-O-OEt;-and the results obtained by these 
workers are in agreement with formation of such compounds. (We cannot explain 
Lissenko’s observation that EtZn-OEt is the final product.) The peroxidic products 
obtained by Hock and Ernst (see above) no doubt contain mainly the species ClZn-O-OBu" 
and Zn(O-OBu"), respectively. 

The nature of the solid products of vapour-phase autoxidation of diethylzinc § is not 
clear, but their probable structures are EtZn-OEt and EtZn-O-OEt, the autoxidation now 
going only to the first stage. 

Mechanism of Autoxidation—Bamford and Newitt*® suggested that vapour-phase 
autoxidation of diethylzinc was a chain process. We consider an energy chain unlikely 
to occur in solution, and a free-radical chain appears improbable in view of the lack of 
inhibition of the autoxidation by free-radical inhibitors (see Table). 

The mechanism of autoxidation of alkylmagnesiums and alkylborons has already been 
pictured as a co-ordination of oxygen to the metal atom,® synchronous with, or followed by, 


a 1,3-shift of an alkyl group from metal to oxygen." The latter case would lead to the 
sequence: 


R R OW R 
J 6) ete fo) et dette 
n Oy, Zn—O (IIIa) Zn—O 
We regard a mechanism of this type to be probable for autoxidation of alkylzinc com- 
pounds and also of many other organometallic compounds (see refs. 9, 13, 15). 

Coates,4® however, suggests that, as zinc dihalides, which are not autoxidised, form 
stronger complexes with amines and ethers than do the easily-autoxidised dialkylzincs, 
co-ordination of oxygen to the metal cannot be a factor in the autoxidation. We suggest 
that, although oxygen can co-ordinate both to zinc dihalides and to dialkylzincs, a halogen 


18 Abraham, Ph.D. Thesis, London, 1957. 
1® Coates, ‘‘ Organo-metallic Compounds,”” Methuen, London, 1956, p. 39, 
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atom, unlike an alkyl group, will not migrate readily to the (electrophilic) oxygen; thus 
(IIId), although possibly formed more easily than (IIIa), can only revert to its progenitors: 


| cl (+) 
] 0 — | i 
Zn Oy Zn—O (IIIb) 
Both the course and the nature of the autoxidation of dialkylzincs therefore resemble 
those of other organometallic compounds. 


EXPERIMENTAL 

Diethylzinc.—This was prepared by Noller’s method” and redistilled, under nitrogen, 
at 118°. 

Di-n-butylzinc.—The product from n-butylmagnesium chloride and zinc chloride in ether 
was distilled from an oil-bath (up to 150°) at 1 mm., and the distillate redistilled to give the 
dialkyl, b. p. 82°/9 mm., in 57% yield (Found: Zn, 36-7. Calc. for C,H,,Zn: Zn, 36-4%). 

Di-t-butylzinc.—The product from t-butylmagnesium chloride and zinc chloride in ether 
was filtered under nitrogen, and the filtrate distilled to give di-t-butylzinc, b. p. 34—35°/9 mm., 
m. p. ca. 25°. Much of the dialkyl volatilised with the ether and was collected as an ethereal 
solution in a cold trap. Neither this solution nor the dialkyl contained magnesium or chloride 
ion. 

Preparation of Ampoules.—The dialkyls were distilled into a receiver fitted with numerous 
small side-arms, manipulated into these side-arms, and sealed under nitrogen. Some diethyl- 
zinc was also stored under nitrogen as a solution in anisole and in xylene. 

Autoxidations.—Solutions of the dialkyls were introduced into a gas-burette by use of a 
hypodermic syringe and a self-sealing cap. Small ampoules were crushed by a method 
previously described ; #4 larger ones were broken under ether. 

Analyses.—Methods already described were used to analyse samples by gas-liquid 
chromatography; peroxides were also estimated iodometrically. Zinc and magnesium were 
determined as follows: the sample was added to 3Nn-sulphuric acid, and the mixture boiled to 
remove organic material and then made up to a standard volume with distilled water. Aliquot 
parts were added to m/100-EDTA and back-titrated against m/100-zinc sulphate at pH 10, 
Eriochrome Black T being used as indicator. This procedure estimates the combined zinc 
and magnesium content. If the above titration is carried out at pH 4-5 in a solvent of “‘ 50% 
aqueous ethanol” and with dithizone indicator, only zinc is determined, and thus both zinc 
and magnesium could be estimated in the same solution.!® 

Solutions of Grignard reagents were standardised very conveniently by the first procedure 
(at pH 10). 

Autoxidation of Diethylzinc.—(i) Slow autoxidation. The dialkyl, in dry anisole, was allowed 
to absorb oxygen for six weeks. The mixture was hydrolysed with a few drops of 3N-sulphuric 
acid, and examination of the anisole by gas—liquid chromatography showed it to contain 1-74 
mol. of ethyl alcohol; 0-2 mol. of peroxide was also found. 

(ii) Rapid autoxidation. An ampoule of the dialkyl (0-1335 g.) was crushed under dry ether 
(40 ml.) through which oxygen was passed for 5 hr. A white precipitate of diethylperoxyzinc 
began to appear after about 5 min. and was filtered off, washed with dry ether, and dried 
[Found: Zn, 35-0; peroxidic O, 33-1. Zn(O-O-C,H;,), requires Zn, 34-8; peroxidic O, 34-1%]. 

In similar experiments, both with ether and with benzene as a solvent, the final mixture, on 
hydrolysis, gave 1-93 mol. of peroxide (iodometrically). 

(iii) Reduction of diethylperoxyzinc by diethylzinc. Diethylzinc was autoxidised as in {ii), 
the system flushed with dry nitrogen, and an excess of the dialkyl added. The mixture was 
stirred for 20 hr. and hydrolysed as in (i). Chromatography showed the ether to contain 3-76 
mol. of ethyl alcohol, which was also identified as the 3,5-dinitrobenzoate, m. p. and mixed 
m. p. 84°. 

(iv) Autoxidation in xylene. Solutions of diethylzinc (0-025 g.) in dry xylene (2-65 ml.) were 

” Noller, Org. Synth., Coll. Vol. II, 1950, p. 184. 


#8 Schwartzenbach, ‘‘ Complexometric Titrations,’’ Methuen, London, 1957, pp. 62, 83. 
#* Personal Communication from Mr. J. A. R. Genge and Dr. J. P. Redfern. 
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added to xylene (50 ml.) stirred in a gas burette under dry oxygen. The Table shows the 
absorption of oxygen and the peroxidic content of the final product when the autoxidation was 


carried out in presence of various inhibitors. 


Autoxidation of diethylzinc. 


Mol. of oxygen absorbed in: Mol. of 
10 min. 90 min. 1200 min. peroxide Inhibitor 
1-52 1-65 1-72 1-47 _ 
1-53 1-64 1-72 1-48 0-2 g. Methyl methacrylate 
1-41 1-61 1-73 1-58 0-02 g. m-Dinitrobenzene 
1-44 1-62 1-76 1-53 0-2 g. Pyridine 
1-80 ~~ 1-98 1-92 a 


* The solution was squirted into the gas-burette containing only oxygen and stirred rapidly. 
The blank correction was obtained by using dry boiled-out xylene (2-65 ml.) in the same way. 


Autoxidation of Di-n-butylzinc.—(i) Slow autoxidation. The dialkyl in dry ether was 
allowed to absorb oxygen slowly for two weeks, by which time a large white precipitate had 
collected. The mixture was shaken with 3Nn-sulphuric acid, and the ethereal layer then shown 
chromatographically to contain 0-37 mol. of n-butyl hydroperoxide and 1-55 mol. of n-butyl 
alcohol. The latter was also identified as n-butyl 3,5-dinitrobenzoate, m. p. and mixed m. p. 
62—63°. 

(ii) Rapid autoxidation. An ampoule of the dialkyl (0-2336 g.) was crushed under dry 
ether (40 ml.) through which oxygen was passed for 8 hr. The white precipitate of di-n-butyl- 
peroxyzinc was filtered off, washed with dry ether, and dried [Found: Zn, 26-9; peroxidic O, 
25-5. Zn(O-O-C,H,), requires Zn, 26-8; peroxidic O, 26-3%]. 

In another similar experiment on a larger scale, the autoxidised mixture was shaken with 
3Nn-sulphuric acid, and the ethereal layer found to contain 1-96 mol. of peroxide (iodometrically). 
After evaporation of the ether, chromatography of the ‘residue showed only n-butyl hydro- 
peroxide (2-00 mol.) and a trace of ether to be present. 

(iii) Large-scale autoxidation. Di-n-butylzinc (2-37 g.) was autoxidised in ether, the mixture 
hydrolysed as in (ii), and the ethereal layer shown to contain 1-65 mol. of n-butyl hydroperoxide 
and 0-30 mol. of the alcohol (chromatographically). Distillation afforded the hydroperoxide 
(1-57 g., 1-32 mol.), b. p. 39—40°/8 mm., ,,?° 1-4063, ,*5 1-4042 (Found: C, 54-7; H, 11-4; 
peroxidic O, 31-2. Calc. for CgH,,O,: C, 53-3; H, 11-2; peroxidic O, 35-5%). 

liv) Reduction of di-n-butylperoxyzinc by di-n-butylzinc. The dialkyl was autoxidised as in 
(ii), the system flushed with nitrogen, and an excess of fresh dialkyl added. The mixture was 
stirred overnight, then hydrolysed with 3n-sulphuric acid, and the ethereal layer shown to 
contain 0-20 mol. of peroxide (iodometrically) and 2-44 mol. of n-butyl alcohol (3,5-dinitro- 
benzoate, m. p. and mixed m. p. 61—62°). 

Autoxidation of Di-t-butylzinc.—(i) Isolation of t-butyl hydroperoxide. The dialkyl (16-3 g.) 
in dry ether (500 ml.) was added quickly to ether continuously saturated with oxygen. After 
12 hr. the white solid which had been formed was filtered off, washed with dry ether, and dried 
in a vacuum (Found: wt., 20-4 g.; Zn, 29-25; peroxidic O, 10-8. Calc. for following reaction: 
wt., 20-4 g.; Zn, 29-1; peroxidic O, 11-6%): 


But,Zn + 1-410, —» 0-82Zn(OBut)-O-OBut + 0-18Zn(OBut), 


On hydrolysis, the white solid gave t-butyl hydroperoxide (0-67 mol. iodometrically), identified 
and estimated (0-66 mol.) as the triphenylmethyl] derivative (m. p. and mixed m. p. 71—71-5°) 
and also identified as the 3,5-dinitroperbenzoate (m. p. and mixed m. p. 92—92-5°). 

(ii) Slow autoxidation. The dialkyl (2-29 g.) in dry ether was allowed to absorb oxygen 
slowly for 4 weeks, by which time an off-white precipitate had been formed; this was filtered 
off and dried (Found: wt., 2-71 g.; Zn, 30-1; peroxidic O, 5-7. Calc. on the following reaction: 
wt., 2-78; Zn, 30-0; peroxidic O, 5-9%). 


But,Zn + 1-200, —» 0-40Zn(OBu*)-O-OBut + 0-60Zn(OBut), 


Hydrolysis of the solid afforded t-butyl hydroperoxide (0-38 mol., chromatographically). 
Reactions of Diethylzinc.—{i) With ethyl alcohol. An ampoule of the dialkyl (0-2713 g.), 
crushed under a mixture of anisole (7 ml.) and ethyl alcohol 0-35 ml.), evolved 2-0 mol. of gas 
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[1960] 
to give an off-white precipitate. The blank correction was obtained by a similar hydrolysis by 
using anisole (7 ml.) and a few drops of 3N-sulphuric acid. A similar result was obtained on 
using n-butyl alcohol instead of the ethyl alcohol. 

(ii) With t-butyl hydroperoxide. A similar experiment was performed with the hydro- 
peroxide (0-51 g.) instead of the alcohol. Evolution of gas was only 1-7 mol., and 0-29 mol. of 
the peroxide was reduced (estimated iodometrically). The product was again an off-white 


precipitate. 


The author is indebted to Dr. A. G. Davies for helpful discussions, to Mr. J. E. Packer for a 
gift of diethylzinc, and to Mr. D. G. Hare for some of the gas-liquid chromatography. 
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NOTES. 
809. Characterisation of Cyclic Compounds by Molecular 
Refractivities. 


By M. VAHRMAN. 


WuEN incremental constants for carbon, hydrogen, and double bonds, such as those of 
Eisenlohr,} derived from Lorentz—Lorenz molecular refractivites for aliphatic compounds, 
are applied to cyclic hydrocarbons, the values obtained (Reaic.) are significantly different, 
in many cases, from those derived from M, d™, and n,,” (Rop,.). In the case of aromatic 
compounds, for example, Rope. — Reaic., although 0 + 0-2 for the benzene series, becomes 
about +2-5 for the naphthalenes if the constant for an isolated double bond derived from 
the aliphatic series is used. This deviation (the exaltation) increases with degree of con- 
densation of rings. 

If the values for double bonds are omitted (which, in any case, probably have no 
validity outside the class from which they were derived), it has been found that Roy. — Reaic. 
can be used to characterise ring systems. 

New constants for carbon and hydrogen were derived from the two homologous series of 
cyclohexanes and decalins, on the assumption that Rops. — Reaic. = 0. 


Rovs. — Reate. Standard 

Range Mean deviation 
Cyclohexanes * (38, from CgHy, to CysHog).....--- 2+ —0-4 to +0-4 0 0-2 
Benzenes * (16, from CoH, to CygFy¢) .........ccececcecvecees 59to 67 6-3 0-2 
Decalins > (10, from C,H, to CyzHgq)  ..... 20. eeeeeeeeeeees —0-5 to +0°5 0 0-3 
Octalins © (6, from CygH yg to CyyFgq) .....0....2ccececeeeees 21to 2-8 2:5 0-2 
Hexalins 5 (7, from CyoFy¢ to CygHqg).........sseeercecceeees 41lto 5-0 4-6 0-3 
Tetralins 5 (32, from CypHyg to CygHyg) ...........eeeeeeees 65to 7:2 6-8 0-2 
Dialins § (7, from CygFise t0 CygEhng)  sccccecsevesecccccsesece 97 to 10-1 9-9 0-2 
Naphthalenes 5 (9, from C,,Hy9 to CygHyg) ....---- eee eee 12-5 to 13-4 13-0 0-3 


For 38 cyclohexanes up to C,s;Ho, we have Cg,gH 1 = 1633-338, whence CH, = 4-627. 
For 10 decalins up to C,,H gy we have Cyp;Ho39 = 553-190, whence CH... = 4426. Thus 
C = 2-11, H = 1-26, and CH, = 4-63. 

It is noteworthy that this value for CH, is the same as Eisenlohr’s, as corrected by 
Bauer and Fajans.? 

The constants for the series considered were then as tabulated. Of the data for 131 

1 Eisenlohr, Z. phys. Chem.,’ 1910, 75, 585. 

cs Bauer and Fajans in ‘‘ Technique of Organic Chemistry,” Interscience Publ., 1949, Vol. I, Pt. II, 
p. 1164. 
® Rodd (ed.), ‘‘ Chemistry of Carbon Compounds,” Elsevier, 1953, Vol. ITA, p. 137. 


* Ref. 3, Vol. IIIA, p. 101. 
5 “ Elsevier’s Encyclopedia of Organic Chemistry,” 1948, Vol. 12B, pp. 1—344. 
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compounds originally considered, those for only 6 fell outside the ranges computed and 
were set aside. 

To verify the values for the new atomic constants, Rops. — Reale. Was calculated for 
30 higher n-alkyl homologues from C,, to C,, in the cyclohexane series, and for 8 from 
C, to Cy, spaced over the benzene series, with the following results: 


Notes. 





Rove. — Reate. Standard 

Range Mean deviation 
Cyclohexanes * (30, from C,,H,, to Cy,Hyg) ............ —0-05 to + 0-19 —0-03 0-05 
Benzenes * (8, from CyHy to CygHyg) ........-20eeeeceeeee 6-27 to 6-34 6-30 0-02 


Thus, the mean values of Rop.. — Reaic. for these two series have been verified, with a 
narrower range of values and a smaller standard deviation for these higher homologues. 


I thank A. C. Roy for help with the calculations. 


DEPARTMENT OF PURE AND APPLIED CHEMISTRY, 
NORTHAMPTON COLLEGE OF ADVANCED TECHNOLOGY, 
LonpDon. [Received, February 22nd, 1960.} 


* “Selected Values of Physical and Thermodynamic Properties of Hydrocarbons and Related 
Compounds,” American Petroleum Inst., 1953. 





810. 2,2’-Biphenylenehalonium Salts. 
By DouGias LLoyp and RonaLtp H. McDouGALt. 


As we required large amounts of 2,2’-biphenylene-iodonium (I) and -chloronium salts (II), 
we studied the recorded methods (i) and (ii) for their preparation.’ 


-20.~ [On0k, 
C24? > OL, 
m a IO i O)* (I) 


I I 
a, HNO,,KI; b, Sandmeyer reaction on monoacety! derivative; c, HNO,; d, ACOH, H,SO,. 





Method (ii) has hitherto been used only for iodonium compounds, and we failed in 
attempts to use it for preparation of chloronium salts, presumably owing to the smaller 
tendency of chlorine than iodine to form multivalent oxygen derivatives, which are 
postulated as intermediates in the cyclisation.” 

For method (i), 2,2’-diaminobiphenyl is got by reduction of 2,2’-dinitrobiphenyl. In 
our hands the best method of reduction was by tin and hydrochloric acid. For 1 gram 
samples consistent results were obtained with hydrazine hydrate (best 10 mols. per nitro- 
group) and, as catalyst, either W-4 Raney nickel or 10% palladium-charcoal, but when 





1 Mascarelli ef al., Atti R. Accad. Lincei, 1907, 16, II, 562; 1908, 17, II, 580; Gazzetta, 1908, 38, II, 
619; Searle and Adams, J]. Amer. Chem. Soc., 1933, 55, 1649; Rieger and Westheimer, ibid., 1950, 72, 
28; Wasylewski, Brown, and Sandin, ibid., 1950, 72, 1038; Clauss, Chem. Ber., 1955, 88, 268; Lothrop, 
J. Amer. Chem. Soc., 1941, 68, 1187; Sandin and Hay, ibid., 1952, 74, 274; Baker, Boarland, and 
McOmie, J., 1954, 1476; Collette, McGreer, Crawford, Chubb, and Sandin, J]. Amer. Chem. Soc., 1956. 
78, 3819. 

* Masson ef al., Nature, 1937, 189, 150; J., 1937, 1718; 1938, 1699. 
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larger batches were used benzocinnoline replaced much of the diamine (cf. Moore and 
Furst 8); 5% palladium-charcoal gave only benzocinnoline 6-oxide. 

Biphenyleneiodonium salts were prepared by both methods. The nitrate is more 
easily recrystallised than the iodide. 

The ultraviolet spectra of biphenylene-iodonium and -chloronium salts resemble that 
of fluorene, although those of biphenyliodonium iodide and diphenylmethane are not alike. 
Presumably the rigidity of the cyclic halonium salts and of fluorene constrain them to take 
up similar conformations. 


Experimental.—2,2’-Dinitrobiphenyl was prepared from o-chloronitrobenzene as described 
by Baker e¢ al. Yields averaged 58%. Kornblum and Kendall’s method‘ gave greater 
yields but needed large volumes of solvent. 

Reduction of 2,2’-dinitrobiphenyl. (a) 2,2’-Dinitrobiphenyl (20 g.) was heated on a water- 
bath with powdered tin (100 g.) and concentrated hydrochloric acid (200 ml.) until a clear 
solution resulted (ca. 2-5 hr.). The mixture was made alkaline with sodium hydroxide; ether- 
extraction gave the diamine (~80%), m. p. 78—79° (from ethanol), b. p. 155°/1-5 mm. 

(b) 2,2’-Dinitrobiphenyl was dissolved in warm ethanol and hydrazine hydrate added, 
followed by a small amount of catalyst, in portions, until the reaction had subsided and the 
solution had become colourless. Further small amounts of catalyst were added to decompose 
excess of hydrazine. The solution was then boiled to remove dissolved gases, filtered hot, boiled 
with charcoal, filtered again, and cooled. The amine was isolated by pouring the mixture into 
very dilute aqueous sodium hydroxide. Best results were obtained with 1 g. of dinitrobiphenyl, 
4 ml. of 100% hydrazine hydrate, and 10% palladium-—charcoal or W-4 Raney nickel; both 
gave 74% yields of product, m. p. 78—79°. 5g. of dinitrobiphenyl, 10 ml. of hydrazine hydrate, 
and Raney nickel once gave 85% of material of m. p. 77—78°. 

Biphenyleneiodonium salts. The iodide is more easily recrystallised from aqueous dimethyl- 
formamide than from water. It was converted into the nitrate by reaction with silver nitrate. 
Yields were by method (i) 80% [as nitrate, m. p. 240° (from water)] and by method (ii) >90% 
(as sulphate, m. p. 283—284°). 

Ultraviolet Spectra. Peaks were as follows: Biphenyleneiodonium nitrate 210, 252, 264, 
274, 292 my (log ¢ 4-7; 4:17, 4:24, 4:18, 3-32). Diphenylenechloronium iodide 249, 257, 266 
mu (log ¢ 4-21, 4-31, 4-16) [cf. fluorene 5 208, 265, 300 my (log « 4-6, 4-28, 4-0)]. Biphenyl- 
iodonium iodide 325 my (log e 2-65) [contrast diphenylmethane * 262 my (log ¢ 2-69)]. 


We are grateful to Dr. H. T. Openshaw and Mr. P. R. Baker of the Wellcome Research 
Laboratories, Beckenham, for recording some of the spectra. R.H.McD. is indebted to 
D.S.I.R. for a maintenance award. 


UnITED COLLEGE OF St. SALVATOR AND St. LEONARD, 
UNIVERSITY oF St. ANDREWS. (Received, March ist, 1960.] 


§ Niementowski, Ber., 1901, 34, 3327; Macrae and Tucker, J., 1933, 1520; cf. Sako, Mem. Coll. 
Eng. Kyushu Imp. Univ., 1932, 6, 280; Balcom and Furst, J. Amer. Chem. Soc., 1953, 75, 4334; Dewar 
and Mole, J., 1956, 2556; Moore and Furst, J. Org. Chem., 1958, 23, 1504. 

* Kornblum and Kendall, J. Amer. Chem. Soc., 1952, 74, 5782. 

5 Menczel, Z. phys. Chem., 1927, 125, 161; Amer. Petroleum Inst. Res. Project 44, Catalog of U.V. 
Spectral Data. Serial No. 401. 

* Orndorff, Gibbs, McNulty, and Shapiro, J. Amer. Chem. Soc., 1927, 49, 1541; 1928, 50, 831. 
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Notes. 


811. Glow-discharge Electrolysis of Liquid Sulphur Dioxide 
containing Water. 


By G. H. Capy, H. J. Emettus, and B. TITTLe. 


ALTHOUGH numerous studies of the glow-discharge electrolysis of aqueous solutions have 
been made,} little is known of this phenomenon in non-aqueous sytems, apart from the 
recent synthesis of hydrazine by Hickling and Newns? by the electrolysis of liquid am- 
monia containing ammonium nitrate. The main difficulty with non-aqueous systems is 
to obtain adequate conduction and in the preliminary experiments on sulphur dioxide, 
which are described below, this was achieved by adding small amounts of water. 


The first preliminary experiments were made with a cell in the form of a U-tube with a 
sintered glass plate separating the anode and the cathode compartment. The cathode was a 
platinum wire suspended with its end a few millimetres above liquid sulphur dioxide (ca. 30 ml.) 
to which about 0-50 g. of water had been added. The anode was a small platinum plate im- 
mersed in the solution, which was kept at —70°. Both sulphuric acid and sulphur were 
produced in the cathode solution, the yields being greater than would be expected from 
Faraday’s law. The anode compartment contained a relatively small amount of sulphuric 
acid and no sulphur. The use of this cell was discontinued because of its high resistance and 
the rapid movement of solution from anode to cathode by electro-osmosis through the sintered 
plate. 

Quantitative measurements were then made in a cell of 30 mm. internal diameter with an 
immersed platinum electrode (1-15 sq. cm.) and a platinum wire (0-25 mm. in diameter) suspended 
3 mm. from the liquid surface. The phase above the liquid was sulphur dioxide vapour at a 
pressure of about 20mm. The cell contained 15-5 + 0-1 ml. of sulphur dioxide and a measured 
volume of water, and was kept at —71°. During electrolysis the current was maintained at 
0-001 amp. by manual control of the output of a d.c. generator with a maximum output of 
2000 v. As electrolysis occurred the resistance of the cell, including the 3 mm. gap, fell from 
a value in excess of 3 x 10° ohms to a minimum of about 1-2 x 10° ohms. It then rose slowly 
to about 1-9 x 10° ohms and finally increased sharply so that the required current (0-001 amp.) 
could not be maintained. The experiment was then terminated. The total number of 
faradays passed before termination was approximately proportional to the water added. 

The products were studied by distilling away sulphur dioxide, adding water to the residue, 
and filtering off and weighing the sulphur. An aliquot part of the filtrate was titrated with 
base, and sulphate was determined as barium sulphate. In all cases the sulphate and hydrogen 
ion were nearly equivalent. A second aliquot part was warmed and titrated with potassium 
permanganate. Results are tabulated below. With two exceptions the runs were continued 
to a cell resistance of 2-7 x 10® ohms or more. 


Glow-discharge electrolysis of 15-5 +- 0-1 ml. of liquid sulphur dioxide containing water; 
current 0-001 amp. 


Other reduc- Ratio reached 
ing agents: at end point of 
Total H,SO, Sulphur KMnO, electrolysis: 
current produced liberated titration moles of H,O added 
Solute: passed (moles per (g.-atoms per (g.-equiv. per per mole of H,SO, 
ml. of H,O (10-5 faraday) faraday) faraday) faraday) produced 
Cathode above solution 
0-010 2-3 6-5 5-0 0-63 3-7 
0-050 9-5 6-7 4:8 0-17 4:3 
0-100 22 6-9 4-7 0-14 3-7 
0-100 6-9 7-9 4:3 1-4 Not reached 
0-100 2-2 71 4-2 2-5 Not reached 
Anode above solution 
0-500 2-5 13-9 6-2 2-3 7-9 
0-100 6-9 13-9 8-5 1-6 5-8 








1 Cf. Da Davies and Hi Hickling, | YX 1954, 711. 
* Hickling and Newns, Proc. Chem. Soc., 1959, 272. 
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The Table shows that the number of moles of sulphuric acid produced per faraday is, to 
the accuracy of the experiment, independent of the amount of water present and the stage the 
electrolysis has reached. The number of g.-atoms of sulphur produced per faraday at the end 
of the electrolysis, 7.e., when the resistance starts to rise rapidly, is also independent of the 
added water. The water-soluble reducing agent produced in the electrolysis tends to disappear 
as the electrolysis continues, probably because it is preferentially discharged at the electrodes. 

The soluble reducing agent has not been identified: it could be a mixture of substances. 
A trace of hydrogen sulphide was present in the aqueous solution, as indicated by the odour. 
It is probable that sulphur was a secondary product since none was observed early in 
the electrolysis. The data for the suspended anode and cathode both show yields of sulphuric 
acid and sulphur in excess of those expected from Faraday’s law. No oxygen was found among 
the reaction products, though very small amounts might not have been detected. Attack on 
the electrodes was very slight and the suspended wire lost only 0-0004 g. during the passage of 
7-5 x 10 faradays of electricity. These experiments serve to illustrate the possibility of 
obtaining some quantitative data from a system such as this, in spite of its great complexity. 
They shed no light on the reaction mechanism, and the clue to this might be in the identification 
of the ionic and molecular species associated with the glow discharge. 


One of the authors (B. T.) thanks the Department of Scientific and Industrial Research for 
a Maintenance Grant. 
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812. Oxidation Products from Codeine. 
By Ivor Brown and M. MartIN-SMITH. 


OxIDATION of codeine gives various products according to the reagent and the conditions.?- 
We now report two further cases discovered during preparation of codeinone. 

Substitution of manganese dioxide b * for ‘‘ Attenburrow ” manganese dioxide 5 in a 
previous procedure for the oxidation of codeine gave, in place of codeinone,? a 30% yield 
of 14-hydroxycodeinone. This direct allylic oxidation has analogies in the conversion 
of cyclohexene into cyclohexenone,® of cholesteryl acetate into 7-hydroxy- and 7-oxo- 
cholesteryl acetates, and of vitamin A, into 3-hydroxy- and 3-oxo-retinene,.‘ 





A procedure using chromic oxide in acetic acid * gave, under certain conditions, not 
codeinone, but the dimer (I), known to result from condensation of neopinone and codeinone 
and from solutions of the anion (II) which generates a mixture of neopinone and codeinone 
in situ.? The dimer was isolated only when an excess of base was employed in the neutral- 
isation of the acidic reaction mixture before isolation of the product. As codeinone itself 


* This term, to describe a,commercial grade of manganese dioxide, is that used by Henbest, Jones, 
and Owen.‘ 


1 See, inter alia, Ach and Knorr, Ber., 1903, 36, 3067; Knorr and Hoérlein, Ber., 1907, 40, 4889; 
Holmes and Lee, J. Amer. Chem. Soc., 1947, 69, 1996; Cahn and Robinson, J., 1926, 908; Dieterle and 
an Arch. Pharm., 1926, 264, 257; G.P. 408,870, 1923; Rapoport and Reist, J. Amer. Chem. Soc., 

55, 77, 490. 
® Highet and Wildman, J. Amer. Chem. Soc., 1955, 77, 4399. 
8 Findlay and Small, J. Amer. Chem. Soc., 1950, 72, 3247. 
* Henbest, Jones, and Owen, J., 1957, 4909. 
5 Attenburrow, Cameron, Chapman, Evans, Hems, Jansen, and Walker, J., 1952, 1094. 
® Meunier, Zwingelstein, and Jouanneteau, Bull. Soc. Chim. biol., 1953, 35, 495. 
? Conroy, J. Amer. Chem. Soc., 1955, 77, 5960. 
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does not form this dimer on treatment with base, it may be that the codeinone produced 
exists in the reaction mixture as the dienol chromate ester which on treatment with excess 
of base liberates the dienolate anion (II) with consequent formation of the dimer. 


NMe 
$H - Be - ZR 
Sree ~o fe) *o ° 


(II) 


To prepare the dimer it is only necessary to generate the anion (II) in an unambiguous 
manner ? and in this work this was achieved by the mild alkaline hydrolysis of codeinone © 
enol acetate.® 


Experimental.—M. p.s were taken on a Kofler block. 

14-Hydroxycodeinone. Codeine (1 g.) in chloroform (100 ml.) was shaken at room tem- 
perature with manganese dioxide b for 24 hr. After filtration, the manganese dioxide was 
extracted several times with hot chloroform, and the residue (0-48 g.) from the combined © 
filtrates was crystallised from ethyl acetate, giving material (0-3 g.) which on sublimation had ~ 
m. p. and mixed m. p. 279-5—280-5° and [a],, —116° (c 0-92 in 10% acetic acid) {lit.,%?° m. p, © 
275°, [a], —111° (in 10% acetic acid)}, having the correct infrared spectrum (KCl disc). The % 
oxime had m. p. 278° (decomp.) (lit.,° 279—280°) (Found: C, 65-6; H, 5-9; N, 8-5. Calc. for 
CisHapN,0,: C, 65-9; H, 6-1; N, 8-5%). : 

Dimer (1). (a) Codeine chromate (10 g.) was oxidised as previously reported * and the acid 7 
extract of the chilled ethereal solution (50 ml. of N-sulphuric acid) was poured into N-sodium 
hydroxide (165 ml.). The solution darkened and after removal of a small quantity of insoluble 
material (40 mg.) it was extracted with chloroform (25 ml.). Crystallisation of the oily residue 
therefrom yielded material (0-5 g.), m. p. 244° (from ethyl acetate), {a],, — 198-5° (c 0-9 in CHC), . 
Amax, 230, 281 my (ec 19,000, 3120) [lit.,7 m. p. ca. 245° (decomp.), Amax, 230, 281 my (ce 18,100, 
2860)] (Found: C, 72-4; H, 6-4. Calc. for C,;,H,;,0,N,: C, 72:7; H, 64%). 

(b) Codeinone enol acetate * (0-5 g.) in methanol (10 ml.) was treated with a saturated © 
solution of sodium carbonate (8 ml.), ethanol (50 ml.) being added to keep the whole in solution. 
After 5 min. on the steam-bath the solution was left for 1 hr. at room temperature. Dilution 
with water followed by extraction of the red solution with chloroform gave a residue (0-47 g.) 
which, crystallised from ethyl acetate had m. p. and mixed m. p. 244° (0-35 g.). The infrared 
spectra (KCl disc) confirmed the identity of the two specimens. 


The authors thank Messrs. T. and H. Smith Ltd., for codeine, Mr. A. C. Currie of the Royal 
College of Science and Technology, Glasgow, for 14-hydroxycodeinone, Mr. J. M. L. Cameron 
and his staff for the microanalyses, and Dr. G. Eglinton and his colleagues for the infrared 
spectra. One of the authors (I. B.) acknowledges the tenure of a fellowship awarded by Glaxo 
Laboratories Ltd. 
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